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FOREWORD 

In conducting the research desciibed in this report, the investigators adhered 
to the "Guide for Laboratory Animal Facilities and Care,'' as promulgated bv 
rhe Committee on the Guide for Laboratory Animal Facilities aad Care of the 
Infinite of Laboratory Animal Resources, National Academy of Sciences - 
National Research Council. 
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SUMMARY 

The various subjects covered in this report are listed in the Table of Contents. 
Abstracts of the individual investigations are included on the DD   Form 1498 
introducing each work unit report, and names of investigators are given at the 
beginning of each report. 
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Project 3AO62110ASO6   MILITARY PREVENTIVE MBDIC.NE 

Task 00  Military Preventive Medicine 

Work Unit 030  Global health data 

Investigators 
Principal:   COL Hinten J. Baker, MC 
Associates:   Ann C.  Fred, M.D.; Eleanor ". Cress, M.A., and Frances K, 

McAllister, B,A. 

Statement of the Problem 

\ny medical department operational plan requires an estimate of trauma 
and disease on which to base estimates of treatment and disease prevention fa- 
cilities and measures.    Estimates of battle injuries, vehicle accidents, cold 
injury, and beat injury are relatively well developed.   Reliable estimates of 
infectious disease risks are vastly more complex and require systematization. 

2. Background 

Planning to cope with real disease risks was shown to be inadequate in the 
Lebanon landings in July 1958. The planning to cope with disease was still in- 
adequate for overseas deployner:; of U.S. soldiers in Vietnam in 1965-1967. 

3. Approach 

A system to continually upgrade by new pertinent information the ability to 
describe disease risks quantitatively by specific place and specific time or the 
land areas of the earth.   This system will be defined by explicit rules so thai- 
many disease specialists who desire to cooperate with the Armed Forces can 
contribute their knowledge in a form for continuing active use. 

4. Results 

a. A schema for disease specialists to mentally interact toward determin- 
ing specific disease risks has been created. 

b. A set of working rules of the system has been created and tested with 
data for Rocky Mountain Spotted Fever, schistosomiasis, and leptospirosis. 
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c. A proforiva sheet has been developed to accommodate an extract of 
an information element of any disease. 

d. A computer program has I ^en adapted to service the syftem. 

e. A microfiche system has been integrated to provide convenient provi- 
sion of any basic document utilized by the system. 

f. The system presently contains 15,000 elements of information including 
both extracts and concepts and making explicit the reasoning for potentials for 
spotted fever in Western United Staies and Canada, and the basis for several 
spot potentials on schistosomiasis and lepf'ispirosis.   Seven hundred thirty-five 
documents have been accessioned from which the information elements have been 
draw». 

5. Conclusion 

The number of available biological data elements for this purpose are not as 
large as presumed prior to the undertaking. 

The necessity to relate biological factors to physical parameters or deter- 
minants is seen to be important because of the more complete and accurate phys- 
ical data for the earth's land areas. 

Ti.e progress to date by 4 to 5 workers indicates that world-wide estimates 
of disease potentials for many diseases are feasible in a period of five years. 

6. Recommendations 

Encourage selected disease specialists to interact with the system and pro- 
vide support for this interaction. 
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Project 3AO62110A806 MILITARY PREVENTIVE MEDICINE 

Tai,k 00, Military Preventive Medicine 

Work Unit 032, Piiot study to determine hearing impairment 
among Separating Army personnel 

Investigator«. 
Principal: LTC Craig H. Llewellyn, MC 
Associate: MAJ Alan S. Morrison, MC 

PROBLEM;  A preliminary review of separation physical 
examinations processed by the Office of The Surgeon General, 
OTSG, revealec that impairment of hearing acuity is a com- 
monly listed separation diagnosis.  Over a third of the 
examination forms in one small series (38 percent of 47) 
listed some degree of hearing impairment.  Since this 
frequency is considerably higher than that reported for 
civilian populations, a pilot investigation of this appar- 
ent excess in hearing impairment was initiated. 

BACKGROUND; Although the U.S. Army Medical Department 
pioneered in establishing hearing conservation programs 
during World War II, deafness and impaired hearing have 
continued to occur among these on active duty. The 1954 
Annual Report of The Surgeon General listed 1110 cases of 
deafness or impaired hearing, of which only 245 were cited 
ap  existing prior to service. The average case was lost 
from duty for a period of more than 70 days. One hundred 
eighty-seven separations from active duty occurred, but 
this number underestimates the problem because the criteria 
for disability separation have been restrictive. 

A more recent annual report from The Surgeon General 
(195'J)  provided information on the financial compensation 
associated with hearing impairment. Over a decade ago, 
$30 million was being paid annually by the Veterans Adminis- 
tration for hearing loss Incurred in military service, and 
inflationary trends would make present costs still greater. 

The need for hearing acuity above minimum levels is 
well recognized in military assignments, and is reflected 
in procurement hearing standards. However, various military 
activities require personnel to work where noise may reach 
levels capable of producing both temporary and permanent 
hearing deficits. While efforts have been made to control 
noisy environments and to monitor hearing acuity, hearing 
impairment continues to occur. Present Army hearing conser- 
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vation programs point out these dangers, but aaiitional 
emphasis and fu.-ther research on preventive and control 
measures may well be  appropriate. 

The  specific aims of this project were;     (1)   to survey 
a sanple of separating Army personnel for the frequency 
and degree of hearing impairment as recorded on separation 
medical  exaraination forms;   (2)   to  compare the demographic 
characteristics available frcm this  form for those with and 
those without recorded hearing  impairments. 

APPROACH TO THE PROBLEM;     The records reviewed in this 
survey were those of separating Army personnel whose  separa- 
tion medical records were forwarded to The Surgeon General's 
Office.     Army regulations   (AR 635-100 and AR 635-200)   provide 
that personnel retiring for length of service or resigning 
for selected reasons must undergo a medical examination 
within six months of separation,   and the results of this 
examination must be reviewed.     However,  only the examination 
records  of personnel who are medically fit for retention on 
active duty are forwarded for review.    Personnel who have 
conditions which make them candidates tor disability compen- 
sation are not included in this  survey,  since records  of 
such personnel are reviewed through other administrative 
channels.     Therefore,  the sample  consists of separating 
Army personnel who have no condition which makes them medi- 
cally unfit to continue military  service. 

During a one-month period 1738 medical records were 
reviewed.     Each record included a  standardized form for 
recording  findings from the clinical examination  (Standard 
Form 88) .     From each form the following information was 
obtained: 

(1) military rank 

(2) sex 

(3) ethnic background 

(4) total years of active military service 

(5) results of audiometric  testing fcr hearing acuity 

(6) medical diagnosis   (if any)   summarizing  the  findings 
of  the examination 
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These medical diagnoses were then classified according to 
the Eighth International Classification of Diseases Adapted 
(IC0A8).     In this study hearing impairment means that 
diagnostic statements consistent with ICDAP code numbers 
389.0   (deafness in both ears),   389.1   (deafn. 3s in one ear 
and partial deafness in othar) ,  389.2   (deaf.iess in one ^ar) 
and 389.9   (impairmtnt of hearing in one or both ears)   were 
recorded as a summarizing diagnosis on the standard form. 

In the results which follow 42 records were excluded 
from original sample of 173&.     The eKolurions were made 
because of femalu sex  (39),  unknown oc  (I), unknown r?nk 
(1),  and unknown ethnic background   (1).    Tha remaining  1698 
records provide estimates of hearing impairment among males 
specific for age, rank,  length of service and ethnic 
background. 

RESULTS AND DISCUSSION;    Table 1 presents the age distribu- 
tion of the total sample as well as  for each of 4 rank and 
ethnic groups,    about 84 percent of the sample are white 
and about 28 percent are officers.     The white enlisted group 
is more than twice as .large as the next larger group;  the 
19 nonwhite officers comprise slightly over 1 percent of 
the sample.    Officers have a wider age range than dc 
enlisted personnel. 

Table 2 presents information on the length of service 
for each rank and ethnic group.    Almost 90 percent of the 
sample have 20 or more years of service.    As with age, 
variation in length of service is greater among officers 
than among enlisted personnel.    Ninety-five had less than 
15 years of service,  and of these 90 were white officers. 

Information on the percent vlth imp <ired hearing by 
age for each of the 4 rank and ethnic group is presented in 
Table 3.    When the total sample is considered,  those under 
35 years of age experience the lowest rate of Impaired 
hearing  (10.5 percent).    At age 35 however, the rate is 35.2 
percent and the proportion remains near or above th^t level 
for all older ages.    One third of the total group have some 
measurable degree of hearing impairment. 

Only the group of white officers shows a consistent 
Increase in hearing impairment with increasing age.    White 
officers in the 2 youngest age categories have relatively 
low rates of Impairment, but by age  40 and older the records 
of about a third or more Indicate evidence of hearing impair- 
ment.    White enlisted men have comparatively high rates in 
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all age categories and have the highest overall percent 
impainnent among .hene  groups (39.3 percent). By contrast, 
nonwhite enlisted personnel have relatively low rates and 
the lowest total rate of impairmert in the proportion 
impaired (22.2 percent). Neither enlisted group shows 
consistent change with age. 

The rates for whites are higher than the rates for 
nonwhitcs for all ages except under age 35 years. The 
total rate for whites (35.8 percent, 513/1434) is almost 
60 percent higher than the total nonwhite rate (22.5 per- 
cent, 59/262). Enlisted personnel have higher raües than 
officers at all ages. Overall, the enlisted rats of 35.9 
percent (438/121S) is 27.8 percent greater than the officer 
rate (28.1 percent, 134/477). 

When hearing impairment for the 4 rank and ethnic 
groups is considered by length of service (Table 4), no 
consistent pattern emerges for any group. For the total 
group those with less than 20 years of service have the 
lowest rate (19.3 percent). With 20 years of service 
impairment is found in about 35 percert, and the percent 
impaired remains near that level for all longer periods of 
service.  When the specific groups are considered, only 
white officers with less than 20 years of service have a 
relatively low rate of impaired hearing. The other 3 
groups give no evidence of spared hearing with terms of 
service less than 20 years.  In fact nonwhite enlisted 
personnel have the highest rate of impairment among those 
with under 20 years of service. 

When the combined effect of age and length of service 
on hearing impairment was considered, no consistent pattern 
relating the proportion with impaired hearing to age and 
length of service was demonstrated for any group. Even 
the white officers who showed an increasing frequency of 
hearing impairment with increasing age failed to demonstrate 
this  pattern for specific durations of service. The prima- 
ry observation to be made is that the frequency of impaired 
hearing is high among all personnel aged 35 years or older 
or serving 20 years of more with relatively small fluctua- 
tions from the overall average of about one-third impaired. 

Hearing thresholds at 4 pure tone frequencies (500, 
1000, 2000 and 4000 Hz) were also obtained from the 
records of the separation medical examination. The 
proportion of individuals with pure tone thresholds at 
various ranges for each of the 4 rank and ethnic groups 
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are presented in Table 5.  High hearing thresholds for all 
personnel are mosv marked at 40CHz.  At that frequency 
25.6 percent of white officers, 21.1 percent of nonwhite 
officers, 37.2 percent of white enlisted personnel and 
22.3 percent of nonwhite enlisted personnel have thresholds 
of 36 decibels (db) or greater.  At 500 Hz only 2.6 percent 
of white officers, no nonwhite officers, 5.4 percent of 
white enlisted personnel and 3.6 percent of nonwhite 
enli.'ted personnel have threshold levels of 36 db or greater. 

High frequency hearing loss is particularly marked 
for white officer?. At all 4 pure tone frequencies white 
enlisted personnel have the highest hearing thresholds 
among these groups. 

Table 6 presents the proportions of personnsl with 
hearing threshold levels of 36 db or more for the 4 rank 
and ethnic rf-Hxpa by age. For white officers hearing 
impairment is xargely (but not entirely) limited to hifyh 
frequency tones. This group shows an Increasing proportion 
with impaired hearing as age increases. More than half of 
those age 55 or more have at least a 36 db threshold level 
at 4000 Hz.  The total group average at 4000 Hz is 25.1 
percent.  Impairments at the 3 lower frequencies (which 
represent the important range of speech frequencies) are 
not so common, and the proportion impaired does not rise 
regularly with age as age Increases. 

Among the small group of 19 nonwhite officers none 
had a threshold level of 36 db or more at 500 and 1000 Hz 
at any age. 

As with officers, enlisted personnel have impaired 
hearing which is more pronounced at 4000 Hz Uian at lower 
frequencies. Even so, 2 to 15 percent of white enlisted 
personnel have 36 db or higher thresholds at 500, 1000, or 
2000 Hz. No consistently increauing proportion with high 
threshold levels for either enlisted group at any pure 
tone frequency is observed. 

Over 37 percent of white enlisted personnel have 36 db 
or higher thresholds at 4000 Hz at ages 35 to 40. This is 
over 3 times higher than white officers of the same age. 
High frequency hearing impairment among white enlisted per- 
sonnel is common for all age groups after 35 years of age. 
For white enlisted personnel the proportion with high thresh- 
olds at 500 and 1000 Hz actually drops in older age 
categories as it did for white officers. 
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Hearing  impainTient for the  4 groups is further 
considered by  length of service in Table 7.    The proportion 
of white officers with threshold levels of 36 db or more 
is high« st at  4000 Hz,  and the proportion tends to increase 
with increasing age.    At speech frequencies the proportions 
with 36 db or more thresholds are much lower but by no 
means absent.     When the thresholds of enlisted personnel 
are considered by length of service,  no  increasing 
pattern is observed at any pure tone frequency for either 
ethnic group,,     High proportions with  36 db or more levels 
are again limited to 4000 Hz. 

These medical records or separating Army personnel 
indicate that about one third have some degree of hearing 
impairment.    The hearing deficits are largely confined to 
high frequencies   (4000 Hz)  but also include the range of 
speech frequencies of some personnel as well.    No consis- 
tent pattern between hearing impairment and either age or 
length of service or a combination of both is evident in 
these data.    It suggests that the cause or causes of the 
hearing impairment are not immediately related to these 
variables.    While considerable hearing impairment exists 
among these personnel, the factors of age,  length of 
service, rank and ethnic background appear to be over- 
shadowed by other factors not reviewed in this survey. 
From the information available from the separation medical 
records,  it was not possible to Identify specific military 
experiences of personnel in this pilot survey.    It seems 
likely that noise-induced hearing impairment may contribute 
significantly to the frequent hearing deficits reported. 
The primary observation is that high frequency hearing 
loss is quite common among separating personnel. 

The group hearing impairment among military personnel 
appears considerably higher than estimates of hearing 
impairment in genexil population groups.    For example,  age 
specific prevalence rates of hearing impairment among 
civilians has been reported by the USPHS National Health 
Survey as follows: 

Age   (yrs.) Percent Reporting Impaired 
Hearing 

Under 25 0.8 
25-44 2.1 
45-64 5.2 
65-74 12.9 
75 and over 25.6 

Total 3.5 
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Thia report may uri ierestimate total prevalence in the 
civilian population since interviews were limited to a 
sample on non-institutionalized persons self-reporting 
their impairments.    Ilowaver,  results of audiometric testing 
performed as part cf the National Health Survey also 
support the view that hearing impairment  is considerably 
less than that reported for these separating Army personnel. 

CONCLUSIONS;     This pilot study has reviewed the separation 
medicax records of 1696 Army r^ale personnel to determine 
the frequency of hearing impairmer.t.     About one third of 
these records  indicate some degree of hearing impairment. 
The impairment is largely but not exclusively confined to 
high frequency hearing loss.    While some variations by 
age,  length of service, rank, and ethnic background were 
observed among specific subgroups,  these variations appear 
rather small in relation to the high overall proportion 
with evidence of impaired hearing. 

RECOMMENDATIONS;     The high, proportion of  separating Army 
personnel with hearinrr impairment deserves further investi- 
gation to identify specific causal factors:     (1)    In spite 
of the variable gualcy of audiometric test results recorded 
in the health record, valuable Information can be obtained 
rapidly and inexpensively from these documents.    Samples 
of routine periodic physical examinations could be surveyed 
to assess the effectiveness of hearing conservation 
programs,   (2)     Carefully performed audiometric testing 
should be carried out on selected personnel with shorter 
periods of service than reviewed here.    Receptees should be 
included as well.    Personnel in various occupational 
activities should be studied, particularly those in activi- 
ties associated with high noise environments  (e.g., 
artillery,  armor and aviation),   (3)     In addition to audio- 
metric surveys to estimate the prevalence of hearing 
impairment among various groups of Army personnel,  it 
would be highly desirable to follow groups of selected 
personnel over time, particularly persons who are beginning 
occupational activities whjjh will expose them to high 
noise environments.    Prospective studies could identify 
those environments which are contributing to hearing impair- 
ment so that improved control efforts could be Implemented. 

730 

MHÜ 



TABLE   I 

AGE inSTRIBUTION BY RANK AND ETHNIC GROUP 

PERCENT  DISTRIBUTION 
AGE   (IN YEARS) W.O. NW.O. W.E. NW.E. TOTALS 

Z.35 17.2 10.5 0.4 0.4 5.1 

35- 10.5 5.3 24.2 19.3 19.6 

40- 38.4 26.3 44.5 53.1 43.9 

45- 17.2 26.3 i4.4 12.8 15.1 

50- 12.0 31.6 11.3 9.9 11.5 

55 or more 4.6 - 5.2 4.1 4.8 

Unknown - - - 0.4 0.1 
—_ 

Total 100.0 100.0 100.0 100.0 100.1 

458 19 976 243 1696 
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TABLE 2 

LENGTH OF SERVICE DISTRIBUTION   (LOP)  BY RANK 
ANn ETHNIC GROUP 

LOS   fIN YEARS) W.O. NW.O. 
STKIBUTION 

WE. NWE TOTALS 
20 22.5 15.8 5.1 8.2 10.4 
2U~ 27.3 26.3 47.2 50.2 42.0 
".2- 12.0 5.3 17.2 9.9 14.6 
24- 8.7 5.3 8.1 9.5 8.4 
26- 7.2 10.5 8.6 6.2 7.8 
28 or more 18.8 26.3 10.3 9.5 12.7 
unknown 3.5 10.5 3.5 6.6 4.0 
Totals 100.0 100.0 100.0 100.1 99.9 
dumber 458 19 976 243 1696 
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TABLE 3 

PERCENT WITH IMPAIRED HEARING BY AGE FOR 
RANK AND ETHNIC GROUPS 

AGE   (IN YEARS) WO. 

05 8.9 

35- 16.7 

40- 32.6 

45- 35.4 

50- 36.4 

55- 38.1 

Unknown - 

Total 28.2 

# linpi-lred 129 

Total # 458 

PERCENT IMPAIRED 
NW.O. W.E. IIWE TOTAL 

50.0 25.0 0.0 10.5 

100.0 40.7 25.5 35.2 

40.0 36.6 22.5 33.3 

20.0 37.6 22,6 34.8 

0.0 48.2 12.5 39.0 

- 43.1 30.0 40.2 

- - 0.0 0.0 

26.3 39.3 22.2 33.7 

_5 384 54 572 

19 976 243 1696 
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TABLE « 

PERCEOT WITH IMPAIRED 1EARING BY LENGTH OF 
SERVICE  (LOS)  FOR RANK AND ETHNIC GROUPJ 

LOS   (IN YEAKS) W.O. NW.O. WE. NWE TOTAL 

<20 8.7 66.7 32.0 35.0 19.3 

20- • 
27.2 20.0 40.8 2j.0 35.2 

22- 32.7 0.0 36.9 25.0 34.7 

24- 40.0 0.0 38.0 21.7 35.7 

26- 33.3 50.0 45.8 0.0 37.6 

28 or more 44.2 0 0 36.6 21.7 37.2 

Unknown 18.8 50.0 38.2 18.8 29.4 

Total 28.2 26.3 39.3 22.2 33.7 

# 458 19 976 24? 1696 
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PERCENT WITH HEARING THRESHOLD LEVELS WITHIN 
SPECIFIED RANGES AT 500, 1000, 2000 AND 4000 H2 FOR 

RANK AND ETHNIC GROUPS 

TABLE 5a 

TOTAL 

500 
+5 
or less +6- +lf. +26- +36- 

WO 44.5 35.6 12 2 3.9 0.9 
mo 42.1 42.1 10 5 5.3 - 
WE 32.1 3<;.-' 17.4 8.3 2.4 
NWK 32.5 6.1 11.5 6.2 2.0 

1000 

WO 52.0 34.5 8.5 2.4 0.9 
NWO 47.4 47.4 5.3 - - 
WE 41.0 37.1 11.5 4.5 K8 
NWE 39.5 44.0 9.0 4.1 1.2 

2000 

WO 50.2 30.6 10.0 3.7 1.5 
NWO 63.2 15.8 5.3 . 5.3 
WE 40.3 30.0 11.7 5.8 5.0 
NWE 39.5 36.6 11.9 6.6 2.0 

4000 

WO 23.1 24.0 15.9 11.1 7.6 
NWO 21.0 31.6 15.8 10.5 - 
WE 16.1 19.4 14 2 11.6 9.1 
NWE 17.3 27.6 '.1.8 10.3 6.6 
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PERCENT WITH HEARING THRESHOLD LEVELS WITHIN 
SPECIFIED RANGES AT 500,  1000, 2000 AND 4000 H2 FOR 

RANK AND ETHNIC GROUPS 

TABLE 5b 

TOTAL 

500 +46- +56- +66- 
+76 
or more UNK TOTAL # 

WO 1.5 - - 0.2 1.1 458 
NWO - - - - - 19 
WE 1.3 0.7 0.7 0.3 0.9 976 
NWE 0.8 0.4 0.4 . - 243 

1000 

wo O.S . . 0.2 0.6 458 
NWO - - - ■■ - 19 
WE 1.2 1.2 0.6 0.2 0.8 976 
NWE 0.4 0.8 0.4 - 0.4 243 

2000 

WO 
NWO 
WE 
NWE 

1.1 
5.3 
2.4 
0.4 

0.6 
5.3 
2.0 
0.4 

0.2 

0.8 
0.4 

0.2 

0.8 
0.4 

1.7 

1.1 
1.6 

458 
19 

976 
243 

4000 

WO 5.3 5.3 3.9 3.5 0.6 458 
NWO 10.5 5.2 5.2 - - 19 
WE 7.6 6.6 5.7 8.2 1.5 976 
NWE 7.4 2.5 2.9 2.9 0.8 243 
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Task 00, Military Preventive Medicine 

Work Unit 032, Pilot study to determine hearing impairment 
among separating Army personnel 
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Foreign Intelligence Not Considered 
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•«.. Top, LTC F. H. Jr. 
■MI Grossman, LTC R. A. DA 

..™™w~-.„-».—,. -"(ü)Infectious Diseases: (U)Epldeiiilology: (U)Vlrus Ecology: 
(U>Arbov1rusi (UiJaoanese Encephalitis: fUlRables Vlrusi fUiHepatltls-Assoclated Antlpen, 
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23. (U) To define the ecology of viruses of military Importance In Southeast Asia thus 
providing a rational basis for decisions which Involve association with or control of 
that or a similar virus ecosystem. 

24. (U) Component parts of the natural viral ecosystem (e.g.. vectors, hosts, reservoirs 
and variables which affect these component parts (e.g. rainfall, topography. Immunity) 
are Identified and quantified through the disciplines of clinical medicine, medical 
entomology, epidemiology, veterinary medicine and virology. 

25. (U) 71 07 - 72 06 An epidemic of Japanese encephalitis (JE) occurred 1n the Chieng 
mal valley again In 1971.   Laboratory transmission studies Incriminated Culex 
fuscocephala as a vector and the pig as an amplifying host of JEV In Thailand: dogs, 
cattle, and buffalo were unlikely amplifying hosts.   JEV transmission was documented In 
the valley year round except In Jan and Feb 1971.   HI tests using Isolated IgM fractions 
of human serum Improved seroloalc specificity and permitted ulagnosls of JEV Infections 
In Chlengmal and USARV encephalitis patients with secondary   Group B arbovlrus Infection 
Immunologie consumption of serum complement proteins was found In patients with dengue 
shock syndrome, which suggests that anaphylatoxlns formed In vivo could mediate shock. 
Influenza A strain:,antlgenlcally similar to the 1968 HonglTong strain, were Isolated In 
Korat.   Point prevalence studies of Hepatitis B antlgtn (HBAg) In Thai populations and 
a study of the consequences of transfusion of blood containing HBAg In Thai patients 
were undertaken.    For technical report see Walter Reed Army Institute of Research Annual 
Progress Report, 1 Jul 71-30 Jun 72. 
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Nathada Playooth, Nonglak Khananurak, Nongnard Saha- 
sakmontrl, Orheh Tonghee, Pucharee Nawarat, Panor Sri- 
songkram, Phuangthong Phiungkeo, Pranom Vangnai, Prasertsri 
Rohltarathana, Rampa Rattanaarithikul, Ravlthat Putvatana, 
Royplm Tlptanatoranin, Samam Manlwongse, Somboon 
Maneechai, Somchal Siripatananukulchai, Sorasak Imvltaya, 
Sulaela Seemaohiboom, Sumitda Narupiti, Supatra Chulanham- 
bok, Suthida Phongngarm, Suwanna Vithanomsat, Vandee 
Nongngork, Vichit Phunkitchar, Vipa Phirwuthi, Jfeepu Keokam, 
Yupadee Vanichakointhanes, Yuphaphga Chillanon, 
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The Ecology of Japanese Encephalitis Virus Infections in Chlangmal 

Principal Investigators: 

Associate Investigators: 

Richard A. Grossman, LTC  MC 
Dennis C. Johnsen, MAJ VC 
Douglas J. Gould, Ph.D. 
Robert Edelman, LTC    MC 
Charles L. Bailey, CPT  MSC 

Debhanom Muangman, MD 
Jot* T. Marshall, Jr., Ph.D. 
Pien Chlewanich, MD* 
Suchinda Udomsakdi, MD 

Objective: To investigate the ecology of Japanese encephalitis virus 
CfEV) in the Chlangmal Valley, Northern Thailand, with particular 
reference to aspects contributory to infection in hn nans. 

Description: The previous two Annual Reports explained the study 
methodology and results of work in Chlangmal Valley from November, 
19C9 to March, 1971.   In summary, JEV was found to be widely disseminated 
throughout the Valley, causing infections in pigs and man in at least 9 
consecutive months (April-December, 1970).   Rapid buildup in vtrus 
transmission occurred in April at the start of the rainy season and most 
of the human and pig infections occurred in May, June and July; 84 of the 
100 encephalitis cases for 1970 occurred in these 3 months. JEV was 
isolated from 3 Culex species - C, tritaeniorhvnchus. C. oelidus and 
fuscoceohala and all 3 species are believed to be acting as JEV vectors. 
Field and laboratory evidence suggested that small wild vertebrates and 
domestic animals (other than pigs) are not important variables of JEV 
transmission. 

The specific areas of interest and their objectives in work that was 
pursued in 1971 include the following: 

(1)  Epidemiology: Case ascertainment at the 3 Valley 
hospitals was continued throughout 1971 as was collection of climatologic 
data.  The sentinel pig study was continued through June, 1971, to both 
determine whether JEV transmission to pigs occurred in the dry, winter 
months and to see if a similar buildup in transmission occurred in 1971 

*  Suan Dork Hospital, Chlangmal 
** Chief, Pediatrics, McCormick Hospital, Chlangmal 
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after the start of the rainy season.   The 4 village study areas v/ere 
re-visited once, in November, 1971; censusing of humans and animals 
was again performed and blood was obtained from the people in the 
random sample cohorts (selected in November, 1969) who were still 
remaining.   Sera were also obtained from the Chiangmai City school 
cohort. 

(2) Entomology:   Studies on the ecology of the vectors of 
JEV in Chiangmai Valley were continued during 1971.   Emphasis was 
directed at measurement of fluctuations in population density and 
physiological age, determination of host preferences, and flight range 
and dispersal characteristics.   CDC light-trap collections were made 
twice weekly at three sites — villages A and B and in Chiangmai 
city (E).   These sites are located in the northern, southern and central 
portions, respectively, of Chiangmai Valley.   Material from light-trap 
collections was used for computing monthly indices of female mosquito 
densities as well as for determinations of physiological age and host 
preferences. 

(3) Virology:   Studies on the role of small vertebrates and 
domestic animals as hosts of JEV in the Chiangmai Valley continued. 
The role of Culex fuscpcepfiala as a vector of JEV was examined.  The 
epidemiology of a Slmbu group arbovirus, Ingwavuma virus, isolated in 
the Chiangmai Valley In 1970, was explored.  Further studies on the 
specificity of IgM antibody to JEV and dengue viruses as a means of 
serologlc diagnosis of specific Group B arbovirus Infections were under- 
taken.  These are detailed in subsequent sections of this Annual Report. 

Progress: Encephalitis occurred in 1971 In Chlungmai Valley at a 
remarkably similar Incidence to that of 1970 (Table 1}.   The 99 Valley 
cases were admitted In the 10 consecutive months, from February to 
November. As In 1970, over 75% of the cases were admitted in May, 
June and July although the peak month (July) WüS both sharper and a 
month later in 1971.   This may reflect the slower onset of rainfall in 
1971.  Paired sera were obtained from patients In McCormlck Hospital 
only, but 81% of the adequately spaced serum pairs had diagnostic JEV 
titer rises, thus providing similar confidence in the 1971 case incidence 
data.  Further evidence of both the widespread distribution of JEV in the 
Valley and the surprising agreement between the 2 years is shown in 
Table 2.  Once again,, cases occurred In each Valley district and at 
comparable incidence rates.  One JEV isolate was obtained from the 
brain of a 9 year-old female admitted on 10 July 1971.   Seventeen cases 
died in 1971, compared to 20 in 1970, and the case fatality rate was 
especially high (50%) underage 5 (table 3).  Both the age and sex 
distributions of the cases were similar in both years, although the 1971 
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cases were slightly younger on the average and had a smaller male 
preponderance.   The type of HAI serologic response In the confirmed 
cases was also similar In both years, 72% In 1970 and 75% in 1971 
having a primary response. 

None of the sentinel pigs in the 4 study villages had a JEV infection 
in January or February, 1971 (Table 4) although this does not rule out 
the possibility that low-level transmission was occurring.   Pig con- 
versions occurred in one village (B) between 9-31 March, in 2 villages 
in April, in 3 villages in May and in all 4 villages in June when all but 
one susceptible pig had a JEV infection.  It is attractive to believe that 
the very high dissemination of JEV to pigs occurring in June is dtectly 
related to the sharp peak of human cases that occurred in July (the 
median human case was admitted on 1Ü July). 

One possibility for dry season maintenance of JEV appeared to exist 
in low level transmission among the pig population.   This possibility 
seemed very likely because serological evidence collected during 1970 
showed that there were JEV susceptible pigs present all year along with 
JEV vector mosquitoes.  In support of this theory, one JEV isolate was 
obtained from a group of 25 pigs near Udom, Thailand (see below} in 
December, 1972.  Accordingly in January, 1972, blood samples taken 
from 479 pigs at the time they were butchered in Chiangmal and were 
inoculated intraperitoneally into weanling mice.   Deaths before 14 days 
occurred in about 7% of the mice but viral isolates, none of them resembling 
JEV, were made in only three cases.  Accordingly, there continues to be 
only indirect evidence supporting the maintenance of JEV through low level 
pig transmission during the dry season. 

At the time the blood samples were collected from daughter pigs 
statistical Information was collected concerning the number of pigs 
butchered and their origin.   Such information was thought to be of potential 
usefulness as an Indicator of changes in pig usage in Chiangmal that 
might, in turn, be related to the incidence of human JEV infections. 
Between 1961 and 1971 the number of pigs slaughtered annually varied 
between 28,000 to 46,000 (figures taken from official Chiangmal Muni- 
cipal Slaughterhouse records); 39^000 pigs were slaughtered in both 1970 
and 1971.   Pigs are usually slaughtered when they reach an acceptable 
size rather than age; this size Is probably in excess of 100 kg.   Smalläi 
pigs are butchered but in significantly fewer numbers; they often are 
animals in poor health that have grown poorly.  Ages of slaughter pi gs 
usually vary from 7 months of more than a year, although a low percentage 
are older salvaged breeders.   Younger pigs that reach slaughter size early 
have probably been fed a better ration.  The greatest source of slaughter 
pigs for Chiangmal is Pitsanuloke, but animals are also purchased for 
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slaughter anywher« within a 200 km radius of Chlangmal and trucked 
In every day. Although the Chiangmal slaughterhouse is the only "of- 
ficial" one in the area, the animals killed there do not reflect the 
level of swine production in the valley because, in addition to a large 
number of imported pigs« there are many illegal slaughterhouses 
operating In the valley.   It therefore would seem that slaughterhouse 
statistics would be of very little use in helping to interpret local 
epldemlologic data in the Chlangmal Valley. 

There was very little population change In the study villages' 
sample cohorts (Table 5).   Only 7 people moved away and one person 
died between November 1970 and November 1971.   Overall there was 
only a 2% decrease in the residents of the random sample houses over 
the 2 years of observation )(446 to 436) and a lose of 56 people (12.6%) 
from the original random sample cohort.  A total of 286 people in the 4 
villages who were present and had been under serologic surveillance 
over the 2 years submitted another serum specimen In November 1971 
(about 93% participation).   Blood was also obtained from 125 of the 
Chlangmal City schoolchildren (study area E) still at school.   The JEV 
and dengue prevalence data are presented in Table 6 for the 3 post- 
epidemic specimens in November of 1969, 1970 and 1971.  In those 
people not experiencing a group B infection, HI liters persisted well 
over the 2 years of observation and very few JEV titers reverted to 
negative despite the low proportion of infections that occuned in 3 
of the 4 villages. 

Two people each in Villages A, B and D had HI tlter ci ~nges between 
1970 and 1971 consistent with a JEV Infection (2.8%).   Tf -nore specimens 
had been collected during the year, it Is probab'e that several more 
infections would have been found (only 60% of the 1969-1970 JEV 
infections would have been detectable if only those NL "~.nber sera had 
been collected).  In Village C, a striking event occurred, as 28 villagers 
(39.4%) had a tlter rise to one or more of the group B antigens employed 
(Table 7).  For 16 of these infections, broadly cross-reactive titers to 
both JEV and dengue rose to >1:640, in all of which there was pre-existing 
antibody; I.e., typical secondary responses.  Two people had obvious 
primary JEV Infections with monospeciflc antibody rises to JEV antigen. 
There were no primary dengue responses.  In 20 of the 28 infections the 
post-infection JEV tlter was equal to or higher than the highest of the 4 
dengue titers.  None of these 28 people we** hospitalized during the year. 
The overall sample tlter changes are presented in Table 8. 

Since dengue hemorrhagic fever (which was not diagnosed in 1970) did 
occur in Chiangmal in 1971, it is possible that this high infection Incidence 
reflects both JEV and dengue infections having occurred in the same village 
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at the same general time« but it is impossible to verify this.   The most 
unique feature of these infections is their occurrence at about the same 
rate in all ages from 1-39 (Table 7).   This is not typical of either JEV 
or dengue infections.   Of course, the possibility also exists that another 
closely related group B virus is involved.  Village Dt which had a similar 
background prevalence of JEV and dengue« and is even closer to Chiang- 
mai City than Village C did not experience a similar phenomenon.  The 
schoolchildren in the City (E), however, also experienced a high infection 
rate (17.8%). As in Village C, the large majority of these infections were 
secondary and the post-infection JEV titers were mostly equal to or higher 
than the highest dengue titer.  Although there was no clear primary JEV 
infection, there was one monospecific primary dengue 3 titer rise. 

The first rains of 1971 began in March and, as observed during 1970, 
were followed by a steady rise in population densities of the three vector 
species at village A and Chiangmai City (Fig. 1).  There was an unex- 
plained decline in the C. fuscocephala and C. tritaenlorhvnchqs popu- 
lations in village B during April, but densities of both populations at that 
site rose in the following months.  Peak densities for C. fiisppc^phala 
and C. tritaeniorhynchus were measured during June in Village A and 
Chiangmai City, while in Village B the peak for these two species occurred 
in July.  As in 1970 the fluctuations in populations of C. fuscocephala and 
C. tritaeniorhynchus during 1971 were closely parallel.   The patterns 
observed for C. gelldus populations in Villages A and B during 1971 were 
almost identical to those seen in 1970.  In Village A the numbers of C. 
oelidus rose in May to reach a peak in July and declined rapidly there- 
after, while in village B the C. oelidus population increased during May 
and June and remained elevated through September.  The numbers of all 
three species dropped off sharply in the dry season (November-March), 
but the most pronounced decline occurred in the C. gplidus population. 
Breeding continued during the dry season, although at greatly reduced 
levels; new'y emerged, gravid and old females were nollectod throughout 
this period. 

From April through July mosquitoes collected in CDC light-traps and 
resting outdoors during daylight hours were compared with respect to 
sex-ratio and the physiologic age and insemination rates in females. 
Resting mosquitoes were collected frpm vegetation in the study sites 
by means of a battery-powered vacuum collector.   Males and females 
were present in almost equal proportions in the samples from the resting 
populations, while the light-trap collections consisted almost entirely 
of femaler.   Since the light-traps were set near animal shelters the higher 
proportions of females in these collections was not surprising.   Several other 
important differences were observed in the mosquitoes obtained by the two 
collection methods fTables 9 & 10).  There was a larger proportion of newly 
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emerged females In the resting population, as Indicated by the higher 
nulllparoud rates and lower Insemination rates (Table 9).   On the other 
hand, a higher proportion of gravid females was also present In the 
resting population (Table 10).   Battveen July 1971 and March 1972 
ovaries of vector species were examined in an effort to determine if 
seasonal variations in the number of gonotrophic cycles could be 
detected (Table 11).   For most mosquito species, the number of gono- 
trophic cycles a female mosquito has undergone Is directly related to 
the number of blood meals she has taken.  Cvirian dissections are thus 
useful In estimating the proportion of older females (i.e., theoretically, 
those which have had greatest opportunity to become Infected) present 
In the population.  A decline in the proportion of parous females was 
observed for all three species between January and March.   The pro- 
portions of multiparous C, fuscocephala and C. t-itaeniorhvnchus 
were higher during July—the month of highest incidence ot encephalitis 
cases—than during the next four months.   The largest proportions of 
multiparous C. gelldus were observed in September and In December. 
This is of especial Interest because in 1970 the only Isolations of JEV 
obtained from C. gelldus were made during September, although greater 
numbers had been tested during previous months. 

During July and August, flight range and dispersal experiments were 
conducted with the three vector species.   Blood-fed females were 
collected from buffalo, cattle, and pigs, marked with Helecon lumi- 
nescent pigments and released.  A total of 8,831 mosquitoes, of which 
approximately 53% were C. fuscoceohale, 20% C. tritaeniorhvnchus 
9% C. gelldus. and 18% other species, was released.   Four marked 
C. fuscocephala and two C. tritaeniorhvnchus were recaptured.   Five 
of the recaptured were made within three days of the time of release at 
distances varying from 10 to 500 meters from the release point.   One 
Q.. fuscocephala was recaptured nine days after release but only 50 
meters from the release site. 
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Table 1 

Monthly Rainfall and Encephalitis 
Admissions from Chlangmal Valley 

In 1970 and 1971 

Rainfall(cm) No. Cases 
Month 

1970 1971 1970 1971 

Jan 0.0 0.0 0 0 

Feb 0.2 0.0 0 1 

Mar 9.2 1.7 0 2 

Apr 7.0 3.3' 1* 1 

May 35.2 24.0 23 16 

Jun 24.5 17.3 38 14 

Jul 17.9 30.0 22 47 

Aug 34.9 32.5 3 12 

Sep 19.3 19.5 5 4 

Oct 3.8 13.4 4 1 

Nov 0.7 2.4 3 1 

Dec 3.5 1.2 2 0 

TOTAL 156.2 145.3 101 99 

* Case not Included elsewhere 
as valley address not verified. 
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Table   a 
Incidence Rates of Encephalitis Cases In 

Chlangmal Valley, by District, for 
1970 and 1971 

District 
Estimated 
Population 

No. ( 3ases 
Incidence 
Rate per 
100 000 

1970 1971 1970 1971 

Muang 120,000 12 17 10.0 14.2 

Maerlm 25,000 5 20.0 28.0 

Sansai 45,000 8 17.8 15.6 

Del Saket 40,000 9 22.5 12.5 

Sankamphaeng 50,000 7 14.0 14.0 

Saraphl 60,000 7 11.7 13.3 

Hang Dong 40,000 8 13 20.0 32.5 

Ssnpatong 80,000 10 11 12.5 13.8 

Jomthong 20,000 7 35.0 35.0 

Huang* 125,000 18 14.4 7.2 

Pasang* 75,000 9 8 12.0 10.7 

TOTAL 680,000 100 99 14.7 14.6 

*   Lamphun Province. 
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Table J 

Age and Sex Distributions of 1970 and 1971 
Encephalitis Admissions and Fatalities 

Male Female Total 

Age No. Cases No. Died No. Cases No. Died No. Cases No. Died f  CFR* 

1970 1971 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971 

0-4 9 8 1 3 4 6 1 4 13 14 2 7 15.4 50.0 

5-9 18 24 4 4 12 14 3 2 30 38 7 6 23.3 15.8 

10-14 16 17 4 0 11 14 3 0 27 31 7 0 25.9 0.0 

15-19 9 4 0 2 5 2 0 0 14 6 0 2 0.0 33.3 

20-29 9 2 1 0 1 3 i 0 10 5 2 0 20.0 0.0 

30- 3 2 1 1 3 3 1 1 6 5 2 2 33.3 40.0 

TOTAL 64 57 11 10 36 42 9 7 100 99 20 17 20.0 17.2 

Median 11.6 9.3 10.6 7.5 10.9 10.4 10.8 4.4 11.3 9.7 10.7 6.2 - 

* Case Fatality aate(Z). 
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Table 4 

JEV Infections In Sentinel Pigs, January - June 1971 

Dates 
Between 
Bleedings 

No. 
Pigs 
at 
Risk 

JEV 
Infections 

JEV Infections by 
Study Area 

(Z ) 
No. X A B C 0 

1-26 Jan 18 0 0.0 0.0 0.0 0.0 0.0 

27 Jan - 8 Mar 28 0 0.0 0.0 0.0 0.0 0.0 

9-31 Mar 18 2 11.1 0.0 33.3 0.0 0.0 

1-26 Apr 13 3 23.1 0.0 66.7 0.0 20.0 

27 Apr - 26 May 22 8 36.4 0.0 40.0 16./ 83.3 

27 May - 29 Jun 15 14 93.3 LOO.O 66.7 100.0 lüü.O 

TOTAL 114 27 23.7 21.4 

N-28 

28.6 

N-28 

21.4 

N-28 

23.3 

N-30 
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Table    5 

Population Changes In Random Sample Households of 
Chlangmal Valley Study Villages, Nov 69 - Nov 71 

Village 
No. in Sample 

Houses 
Pop. 
Change 
(X) 

Losses Additions 

Moved 
Away 

Died 
Moved 
in Nov69 Nov71 

Born 

A 

B 

C 

D 

89 

113 

112 

132 

93 

108 

117 

118 

+4.5 

-4.4 

+4.5 

-10.6 

6 

18 

8 

2? 

0 

0 

0 

2 

6 

8 

12 

5 

4 

5 

1 

5 

TOTAL 446 436 -2.2 54 2 31 15 
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Table 6 

Changes In Prevalence of JEV and Dengue HAI Antibodies4 

Over Two Years (Nov69 - Nov71) 

Study 
Area 

No. 
People j 

JEV Prevalence 
(%) 

Dengue Pre\ 
lence 
(X) 

Converting 
tfrom Negat ve 
to Positive 
Nov70 - Nov71 

% Reverting 
From Positive 
to Negative 
Nov70 - Nov71 

Followed 
Nov 
69 

Nov 
70 

Nov 
71 

Nov 
69 

Nov 
70 

Nov 
71 

JEV DEN JEV DEN 

A 

B 

C 

D 

69 

63 

71 

83 

71 

38 

68 

69 

74 

32 

72 

65 

71 

35 

90 

63 

19 

19 

77 

61 

19 

16 

75 

51 

17 

16 

83 

53 

0.0 

4.8 

18.3 

4.8 

4.3 

3.2 

9.8 

3.6 

2.9 

1.6 

0.0 

4.8 

5.8 

3.2 

1.4 

1.2 

A-D 286 62 62 65 46  41 44 7.0 4.9 2.4 2.8 

£ 125   j 78 77 85 94  96 98 10.4 3.2 2.4 1.6 

*   Tlterai:20. 
**   Ages 1-39 for B,C,D; everyone nver age 1 for A; ages 6-8 for school E. 
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Table 7 

Incidence of Group B Infections In Study Village (C) Between Nov70 - Nov71 

tUle Feaale Total People Lacking 

Age Ho. 
People liter Rlaes* 

Ko. 
People liter Rlaea 

Ko. 
People Tlter Usea 

JEV and Dengue 
Antibody In Nov70 

No. X No. X No. Z No. No. 
Infections 

1-9 

ia-19 

20-39 

16 

12 

11 

5 

6 

4 

31.2 

50.0 

36.4 

13 

8 

11 

5 

4 

4 

38.5 

50.0 

36.4 

29 

20 

22 

10 

10 

8 

34.5 

50.0 

36.4 

9 

2 

1 

5 

1 

1 

I0IAL 39 IS 38.4 32 13 40.6 71 28 39.4 12 6 

*> 4-Fold rise In JEV and/or dengue antibody tlter between Nov70 and Kow71. 
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Table 8 

Geometric Mean Tlters of JEV and Dengue 
HAI Antibodies, by age for Village(C) 

Geometric Mean liter 

Age JEV Dengue** 

1969 1970 1971 1969 1970 1971 

1-9 

10-19 

20-39 

15 

59 

363 

19 

40 

146 

53 

197 

387 

30 

102 

291 

27 

51 

110 

56 

190 

310 

TOTAL 60 44 142 86 50 134 

* Negative sera (<1;10) called. 1:5. 
** Highest dengue 1-4 tlter used. 
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Table 9.   Proportions of nulliparous and Inseminated females In resting 
and light-trap collections, Chiangmal - April - July 1971 

Restinq Light-trap 
Species              Total No. MuUl- Insemi- Total No. Nulli- Insemi- 

Dissected parous nated Dissected parous nated 

C. fuacflCSEhala.        761 ,555 .652 1347 .366 .939 

G. flaildüÄ                    140 .717 .384 714 .432 .947 

C. triuenlonrnchus    422 .623 .551 1275 .328 .963 

Table 10.   Proportions of gravid females in resting and light trap collections, 
Chiangmai-April-July 1971. 

Species 
Resting Uaht-trao 

Number Number 
Examined Gravid Examined      Gravid 

c. fuacoceohala 761 .364 16728 .083 

S« qelidus 140 .244 2206 .124 

fi. trtftfiniQjfeyng huä42?, .176 18672 .037 
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Table 11. Proportions of parous, uniparous and mulüparous Gulex 
fuscoceohala. aelldus and trltaeniorhvnchus fromTioht 
trap collections Chlangmal, July 1971- •March 1972 

Prepertlpng qni. - and multioaroua 
Total No. Total Recent 

Month     Dissected Parous _ Oviposltlon*    Uniparous Multtoarous 
c. fuscocechala 

July 379 .C12 .017 .927 .056 
August 0 - - - - 
September 129 .566 .068 .918 .014 
October 127 .512 .138 .862 .000 
November 241 .518 .114 .846 .040 
Decembor 495 .612 .076 .875 .049 
January 642 .568 .077 .868 .055 
February 1419 .428 .118 .837 .045 
March 104P .429 

c. 

.077 

qeltfus 

.873 .050 

July 323 .502 .012 .907 .081 
August 613 .574 .134 .847 .019 
September 977 .481 .134 .743 .123 
October 715 .508 .339 .634 .027 
November 266 .43b .371 .586 .043 
December 39 .487 .000 .895 .105 
January 29 .483 .071 .929 .000 
February 19 .315 .000 1.000 .000 
March 24 .291 

c. 

.142 

Wtaentorhynphu? 

.857 .001 

Jul/ 553 .653 .008 ".898 .094 
August 1909 .754 .134 .808 .058 
September 2889 .577 .100 .854 .046 
October 3327 .619 .129 .818 .053 
November 2238 .613 .134 .829 .037 
December 1304 .696 .095 .798 .107 

1                           January 426 .617 .091 .852 .057 
February 805 .477 .101 .854 .045 
March 784 .429 .112 .857 .031 

* Females In which the number of gonotrophic cycles was not determined 
because ovarian tubules were stretched by recent oviposltlon. 
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NUMBER OF FEMALE MOSQUITOES COLLECTED PER CDC TRAP NIGHT 
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Title: A Study of Japanese Encephalitis Virus In Chlangmal Valley; 
of Small Wild Vertebrates In Virus Transmission. 

The Role 

Principal Investigators: 

Associate Investigators: 

Robert Edelman, LTC,   MC 
Joe T. Marshall, Ph.D. 
Palratana Gunakasem, M.D. 
Douglas J. Gould, Ph.D. 

James E. Williams, OPT MSC 
Suchlnda Udomsakdl, M.D. 

Background: Several large field studies have provided evidence that 
wild birds participate in the maintenance and transmission of group B 
arboviruses in nature.  For example Ardeid birds migrating to Japan 
have been implicated in re-introducing JEV into that country every year. 
Migrating birds probably play an important role in maintaining the 
transmission of St. Louis encephalitis virus in the Western Hemisphere, 
In Thailand Dr. Tom Yulll found that many species of birds netted in 
Bang Phra, Southeast Thailand, have neutralization antibody to JEV as 
measured in a metabolic Inhibiltion test (SMRL Annual Report, 1968). 
For example 5 of 49 Passer montanus (house sparrow) had JEV neu- 
tralizing antibody in their serum, while 1 of 31 tested had antibody 
to Wesselsbron.   Moreover Yulll inoculated 5 P. Montanus subcutoneous- 
ly with JEV and measured JE vtremia for 5 days in high tlters of 10 
infectious units/ml blood In one of the five brlds.   Other wild caught 
small vertebrates were also challenged with JEV( including birds (Bolbus 
and Pegu sparrows) mammals, (mice, roof rats, bats) and reptiles (lizards) 
but only the Pegu sparrow In addition to the house sparrow developed a 
demonstrable vlremla. 

The sum total of the previous work caused us to focus attention on 
birds, and in particular, the sparrow, as a possible important participant 
in JEV ecology in Chiangmai Valley of Northern Thailand.   P. montanus 
is the most abundant bird In Chlangmal Valley, where it roosts and 
nests in large flocks in buildings and trees adjacent to houses and pig 
pens.   This small bird does not migrate, and breeds nearly 10 months 
of the year, so that presumably virus susceptible and relatively immobile 
fledglings are being constantly Introduced into the environment.   Thus 
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If birds do in fact participate in an enzootic JFt/ cycle in Ghiangmai, no 
bird species is as promising a host as P. montanus.  We therefore elected 
to study this species intensively.  Fortunately their low, active flight 
pattern made them easy to observe and to catch in mist nets. 

Progress: A,   Serological studies of P. montanus 

In the 1970-1971 SMRL annual report we reported an evaluation of the 
micro culture plaque redaction neutralization test (micro-PRNT) using 
LLC-MK2 cell cultures.   Statistical analysis revealed that the micro- 
PRNT was as precise and reproducible as the standard macro-PRNl'. 
Both tests seemed more accurate measuring low-tltered rather than high- 
titered antiserum.   Representative results are shown in Table 1.  These 
results indicated the feasibility of using the micro PRNT to measure the 
expected low-titered neutralizing activity of bird serum.   The micro test 
offered the further advantage of requiring only 0.025 ml of serum per test, 
which was an important requirement, since in most Instances no more 
than 0.1 ml of blood was obtained from each bird. 

Birds were caught in mist nets raised in the 4 study villages, bled 
through Jugular venlpuncture, aged (immature or mature)« banded, and 
released.  Collected blood was diluted to 1.0 ml with balanced salt 
solution, and sent frozen to Bangkok where it was stored at -20oC. 

The sera, diluted in the field to 1:10, and later in the laboratory to 
1:20, were titered against JEV (Nakayama) without further dilution.  The 
exact dilution giving 50% plaque reduction was calculated from a statis- 
tical table (supplied by the Japan National Institute of Health) which 
utilizes the percent piaquo reduction found at the serum dilution tested 
in the micro-PRNT.   If seronegative, each serum is expressed as <1:10, 
and if sero-positive, as > 1:10.  If the titer was >1:20 the sera was listed 
as positive twice, once in a >1:10 and again in a >.1:20 dilution. 

First a comparison was made of the percent positive serum In t. 
large sample of Immature (<4-6 months old) and mature birds, irrespective 
of the date bled.  Mature birds were netted in each of the 10 months of 
the study (June 1970 through November 1970; January 1971 through April 
1971).  Immature birds were sampled each month except January, February 
and April.  These prevalence data are shown in Table 2. 

Narly the same percentage of positive serum was found in mature 
and immature birds.   Therefore it was not necetsary to segregate sero- 
logical data according to the age of the bird.  Moreover, If specific 
antibody is being measured by the micro-PRNT, the data suggests that 
antibody is being acquired within the first 4 to 6 months after hatching, 
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with no serological evidence of additional JEV antigen!o exposure over 
the next 4-5 years, the life span of a mature bird.   However definitive 
interpretation of these results Is hampered by a lack of Information about 
the persistence of possible neutralizing antibody in birds, and the 
transmission of maternal antibody to offspring. 

The monthly prevalence data listed in Table 3 shows that seropositive 
serum &1:10) was found in birds 9 out of the 10 months sampled.   The 
percent   seropositive serum seems to occur in a cyclic fashion charac- 
terized by 2 peaks, one peak occurring in the rainy season of July thru 
September, and the other in the dry season, January and February.   The 
absolute serum üters were low; in the large majority of those few serum 
titerlng >1:20, the üters ranged between 1:20 and 1:40.   No serum 
exceeded a titer of 1:80-1:100. 

Seropositive birds were found in 3 of the 4 village study sites which 
included San Patong, Maerim, and Saraphl.   Birds from Sankampaeng were 
seronegaüve, but the sample size was small, representing less than 5% of 
the total sera tested. 

The serui.i obtained from 3 migratory birds, cocomantls merlinus (2) 
and cocomantls sonnerattll (1) (shrikes) were titered and found to be 
n^ap.ive. 

vt/i. over 1000 birds caught, banded and released,, 75 were recaptured 
I to 3 times over subsequont months.  An attempt was made to demonstrate 
seroconversion to JEV In 71 of these birds. Fifty-nine were caoght twice, 
II were netted 3 times and 1 bird was trapped 4 times. All were bled 0.1 
ml after each capture and then released.  The 2 or more serum samples 
obtained from each bird were titered by mlcro-PRNT at the same time. 

We tested 151 (.era obtained from the 71 birds.  Thirty of these 
birds provided 42 sera which were seropositive at>l:10, 6 birds provided 
10 sera which were also positive at M:20,  The percent seropositive at 
üters of >1:10 (27.8%) and>l:2r (C. 6%) are higher than the percent 
positive sera obtained from single bleeding of 660 birds.  Only 1 bird, 
an adult when first caught, converted from <1:10 in September 1970 to 
>1:20 in March 1971.  The titer of the March 1971 serum in this bird was 
1:25.   The 29 other seropositive birds had titers that remained fixed 
frlse or fall of no more than 1 serum dilution} over T to 6 months.  If we 
are Indeed measuring antibody and regaH seroconvaslon to JEV as a 
marker for JEV infection, then the birds sampled provide very little 
evidence of having been infected during the 10 month study period. 
This period covers part of the time when JEV was being actively transmitted 
to man and domestic animals in the villages. 
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Next we determined if the JBV neutralizing activity In £, montanus 
was specific for JEV.  Serum from the January, February, March, and 
April bleeds (Table 3) were selected at random.   Some sera were re- 
tltered against JEV and others were run against Weeselsbron or dengue 
4 virus; others were titered against 2 or 3 of the teat viruses if enough 
serum was available.  The results are shown in Table 4.  It is apparent 
that a factor exists In bird serum that neutralizes Wesselsbron and 
dengue 4 virus.  A striking 26.4% of serum neutralized dengue 4 at 
liters >1:10.  A lower percentage of sera neutralized JEV and Wesselsbron. 
The titers against the 3 group B arbovlruses were low, and no serum tlter 
exceeded 1:80-1:100.  In order to confirm the non-specific neutralizing 
activity of bird serum, we selected 31 sera still available from 14 JEV 
seropositive birds that had repeated bleedings.  Each month of the study 
was represented in these sera, and both Immature and mature birds of 
both sexes.   Twelve of 14 birds were seropositive ^1:10] against dengue 
4, and 13 were seropositive against Wesselsbron.  Two birds with fixed 
titers to JEV ind Wesselsbron had tlter rises to dengue 4.  These results 
confirm the low tlter non-specific cross-reactivity of P. montanus serum. 
Moreover, if we reasonably assume that dengue-4 does not Infect birds, 
then titor ri^es to dengue-4 in 2 birds suggests that we are measuring 
either virua neutralising factors other than antibody, or cross-reactive 
antibody raised against an infection by another group B arbovirus.  A 
reasonable candidate virus would be Tembusu, a Group B arbovirus 
recovered in Chiangmal Valley and thought to infect birds. Attempts to 
plaque Tembusu for th«* micro-PRNT have been unsuccessful. 

HAI tests on selected small wild vertebrate sera collected in Chiangmal. 

A complete list of small wild vertebrates trapped and bled in Chiangmal 
during 1970-1971 vm» printed in thsi 1970-1971 SMRL Annual Report.  A 
small sample including P. montanus sera, were selected for HAI testing 
against JEV, dengue 1-4, and Chlkungunya HA antigens.  The results, 
found in Table 5 reveal that many tree sparrow and lizard sera contained 
low-titered inhibitors against the 5 test group B arbovirus antigens; 
higher-titered inhibitors were found to Chlkungunya. It is likely that 
these inhibitors represent acetone resistant non-specific inhibitors of 
HA rather than antibody; because of an Inability to distinguish between 
these 2 alteratives, no further testing of small wild vertebrate serum was 
made by HAI. 

B.   Virus isolation attempts from Passer montanus 

We attempted to isolate an infectious agent from 297 blood dots, and 
136 spleens, and livers of P. montanus netted In January, February, and 
March.  After removal from the bird, the tissues were frozen immediately 
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ln sealed erlass containers, and shipped in dry ice to Bangkok where 
they were stored at --90 C.  The clot and organs were thawed, trltu- 
xated in BAPS with mortar & pestle, centrifuged 10,000 RPM x 30 
minutes, and the supematent from the clot and organs inoculated 
separately IC into 6-8 suckling mice.   In addition 855 Passer serum 
stored at -20oC and thawed inadvertently several times were Injected 
into suckling mice.  No infectious agents were isolated from the blood 
clots, organs, or serum. 

C.  Zootroplsm of Vector Mosquitoes for .P. montanus. 

The biting preference of proven mosquito vectors, C. gelidyis, 
C. trltaeniorhvnchus, C. fuscocephala for Passer montanus was 
examined by Drs. Joe Marshall and D.J. Gould»  Sweep vaccuum 
collections were made near bird nests, and mosquito traps baited with 
live tree sparrows were placed in various habitats in order to attract 
vector mosquitoes.   The data is summarized In Table 6.   Two engorged 
C. gelldus were collected by sweep vacuum near bird roosts, but they 
did not contain ingested bird blood.   No vector mosquitoes were attracted 
to the bird-baited traps placed in a variety of ecological sites in Chlang- 
rriu'. Valley.   Thus we could not demonstrate attraction of JEV mosquito 
ve ;tors to P. montanus.  However these studies were carried out in the 
dry season when mosquito populations were at their nadir and therefore 
may not accurately reflect the biting pattern during the rainy season 
when vectors are abundant. 

Summary of P. Montanus Study: The sum total of the serological, 
virological and entomological rtudies provides no convincing evidence 
that P. fflflflUfllU l8 a maintaining or amplifying host for JEV in Chiangmal 
Valley.  The JE virus neutralizing and KAI activity In bird serum was low- 
titered and cross-reactive with at least 2 other group B viruses; the neu- 
tralizing activity could represent a non-specific inhibitor of arboviruses 
rather than antibody.  No viruses were isolated from many samples of 
bird tissue»( and a biting preference of the 3 mosquito vectors for £,, 
montanus could not be demonstrated. 

D. Baby chickecs as sentinels for JEV. 

This study was the work of James E. Williams, OPT, MSC.   He 
evaluated the suitability of baby chickens as a more convenient alternative 
to the pig as a sentinel for JEV in Chiangmal Valley.  During the rainy 
season approximately 200 chicks, 3 days old, were bled, caged, and put 
into trees (4 feet above the ground) in the Chiangmal study villages for a 
period of 7 days.  The chicks were bled several weeks later and their 
serum was tltered by HAI and macro-culture PRNT.   No neutralizing 
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antibody was found.  A small number of sera were HAI positive to JEV( 
but convert^"1 so HAI negative (<1:20) following repeat acetone extraction. 
The results indicate that the vector mosquitoes were not infecting 
sentinel chicks. 

E.   Serologlcal Study of Bats: 

A small percentage of bats caught throughout the year In Japan 
ctculate JEV in their blood, apparently store JEV in brown fat, and their 
serum neutralizes JEV in low liters.   Bats are thus considered to be 
reservoir hosts for JEV in Japan.  Accordingly, 54 bats collected in 
Chlangmai were examined for the presence of JEV neutralizing activity 
in their serum. 

Five species of bats were collected in banana groves and roof 
roosts in the study villages during April, May & June, 1970.  The 
species are Cvnopterus sphinx, Rousettus leschenaulti, Eonvcterus 
spelaea^ Taphozous lonqimanus. and Scotophllus kuhlii.     The first 
3 species are fruit eaters, while the last 2 species are insectivorous. 
All but 7 of the 54 bats collected were fruit eaters.   The bats were bled 
through cardiac picture and the serum shipped to SMRL.  The sera was 
diluted 1:10 and 1:40 for the micro-PRNT against JEV,ani diluted 1:10 
and 1:20 for titration against dengue 4 and Wesselsbron.   The absolute 
liters were calculated as they were for P. montanus sera; results are 
shown in Table 7.   Of 54 sera tested, 26 (48%) were positive to JEV at 
a titer >1:10, and 14.8% & 9.3% of these sero positives titered >1:20 
and >1:40, respectively.  The percentage of JEV seropositive serum is 
almost 5 times higher for bats than P. montanus. 

Bat sera did not ner.ixalize Wesselsbron but some did neutralize 
dengue 4.  However only 9 of 26 JEV positive (>1:10) sera cross-reacted 
with dengue 4; and only 9 of 17 dengue 4 positive sera (>1:10) neutraliz- 
ed JEV.  Thus many sera reacted monospeclflcally with JEV or dengue 4. 
The large percentage of serum reacting specifically and at relatively high 
tlters {>1:40) with JEV, suggests that these bats may have been previously 
Infected with JEV.  The dengue 4 neutralizing factor most likely represents 
either cross-reactive antibody produced by a serologically related bat 
virus, or a non-specific serum inhibitor of dengue-4 plaque formation. 

Vlxal isolation was attempted on 12 bats trapped at a large cave 
near Chiengdow, a town north of Chlangmai or at the field laboratory 
in Chlangmai City in January-February 1971.   Six Insectivorous bats, 
Scotophllus sp.,  were collected in the cave and 6 fruitivorous bats 
Cvnocephalus sp from the field laboratory.   Brain suspensions from the 
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bats were Inoculated intracerebrally in suckling mice but no Isolates 
were made.  The sample tested was certainly not adequate to eliminate 
the involvement of bats In dry season maintenance of JEV; a more 
extensive survey Is Indicated if their role as a reservoir of JEV Is to be 
definitely established. 
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Table 1.   Comparison of the micro and macro PKN tests. 

 RaoiDrocal of Antibody Tlter 
Micro-PRNT Macro-PRNT 

TEV Ant^se^um 1st test 2nd test 1« teßt 2nd test 

Monkey VI41 55 40 80 28 

Monkey V145 62 72 48 78 

Rabbit 1 2560 1100 ^10240 6400 

Table 2.   Serological* Results: Mature and Immature Passer montanus 

Serum titers vs. JEV 

Bird 

immature* 

mature 

No, Birds Tested 

244 

346 

>1;10 (%) 

20 (8.2) 

36 (10.4) 

>1;20 (%) 

8 (3.3) 

10 (2.8) 

*   50% plaque reduction by micro-culture PRNT 
x less than 4 to 6 months old (pre-molt) 
xx 6 months to 4-5 years. 
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Table 3.   Monthly Prevalence of J2V Neutralizing Activity in Pc n .-.or 
montanus serum. 

Sarum Titer vs TSV 
Dat? m<kt 

lune 1970 

NQ. Bird? 

43 

No. >1:10 

0 

% 

0 

No . >1:2C % 

0 0 

July 1970 45* 5 11.1 4 8.S 

August 1970 M** 7 11.9 6 10.0 

September 1970 72xxx 4 5.5 0 0 

October 1970 46 i 2.2 0 0 

November 1970 139 10 7.2 3 2.2 

January 1971 95 19 20.0 6 6.3 

February 1971 59 15 25.4 3 5.1 

March 1971 62 3 4,8 0 0 

April 1971 37 3 8.1 0 0 

Total 660 67 10.2 22 3.3 

+ No trapping done in December 1970 
*  41 sera run by macro-plaque PRNT 

1                                   xxx 27   "      "     '  

or May 1970 & 197i • 
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Table 4.   Comparison of JEV, Wesselsbron and Dengue 4 Serum Neu- 
tralizing liters In Mature Passer montanus 

Month 
Bled 

Jan 

Serum Tlter vs 
TEV Wesselsbron Dengue 4 

>1:10(%)   >1:20(%)   >1:10(%)    >1:20(%)   >1:10(%)    U2o(%) 

bd 
1J5W(18.3) 5.(6.1) 
82 82 

fl.(0) JälO) J8.(53)      JC13.3) 
15 15 15 15 

Feb 14^24) i(5.2) J(16.6)        2(4.2)       11(25.5)  £.(12.7) 
58 58 48 48 47 47 

Mar xx m 
50 50 

.1(4.8) 
21 

£(0) 
21 

J(9.5)     .2(0) 
21 21 

April 2(5.4) fl.(0) i(H.l) J!(0) 5(27.8) 1.(16.7) 
37 37 18 18 18 18 

Total      1£.(11.5) 1(3.5) _11(10.8) 2 (2.0) ^2.(26.4) 11(10.9) 
227 227 102 102 101 101 

W  Total blyds positive 
Total birds tested 

xx Includes 10 immature birds 
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Table 5.   HAI Tests on Small Wild Vertebrate Sera., Chlengmal 

No. Serum No. Sera HAI positive to; 
Animal Tested Dl       D2      _D3        D4_    JE_       Chik* 

0 ^      1 1 1 2 1. Passer montanus     20 
(tree sparrow) 

2. Calotes mystaccus 20 
(gingka lizard) 

3. Bandlcota Indlca     14 
(bandicoot) 

4. Rattus rattus 7 
Oroof rat) 

1 I***    1 

x tlter>l:20 
xx 4 of 4 sera ütered 1:40 
xxx 1 of 7 sera titered 1:40 

* üters rangedfrom 1:20 to >1:160. 
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Table 6.  Zootropism of Vector Mosquitoes:  Bird Bait Trap and Sweep vacuum 
Mosquito Collections, Chlangmal 

Location 

1.  Chlangmal City 
(Buildings) 

CQltottgp 

Sweep-vacx 

Trap Nlohts 
Mosq. 
Species 

No. Mosq. 
CMCM 

2(U-12 Feb 71) C. qulnquefasclatus 95 
M. unlformls 1 
E. luzonenals 1 

XXX 

2.  Chlangmal City Bait trap 
(Tiees, roofs, porches) 

3. Chlangmal Villages 
(Vegetation near 
nouses cow & pig 
pens5004) 

4. Chlangmal Valley 
(Marshes or rice 
fields'000') 

Bait trap 

7(12 Feb to 
20 Mar) 

29 traps/night 

6(14 Fab 71 to 
25 Mar 71) 

18 traps/night 

C. gelldus 

C. qulnquefasclatus   95 

C. qulnquefasclatus     1 

No. 
Fed 

2 
0 
0 
2xxx 

89 

Bait trap 3(23-25 Mar 71) C. bltaenlorhynchus  17 11 
7 traps/night      C. vlshnul aubgrp.     2 0 

C. nlgropunctatus        2 0 

x Collections made adjacent to P. montanu« roosts & nests. 
xx Each trap baited with 2-6 live J. montanus overnight. 
xxx JEV vector; blood meal identified as bovine (1'mosq.) and non-reactive 

(1 mosq.) when tested against battery of antisera. Including antl-blrd 
(sparrow) serum. 

xxxx preferred habitat for 3 vector mnsqultoes species. 
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Table 7.   Group B arbovirus SerologyW In Bats: Chiangmal 1970. 

Serum liter 
Virus           >1:10 (%) >1:20 (%) >1:40 (%) 

JEV                  26txx)(48) 
54 

8 (15) 
54 

5(9) 
54 

Wesselsbron    0 (0) 
52 

- - 

Dengue 4         11.(25) 
48 

1(6) 
51 

£(0) 
51 

x 50% plaque reduction by micro-culture PRNT 
xx Totcl sera positive 

Total sera tested 
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Zoonotic Aspects of JEV Infection outside the Chiangmal Valley 

Principal Investigaton       Dennis O. Johnsen, MAJ VC 

Progress:  Operators of several swine breeding farms have requested 
assistance from SMRL because sows in their herds seemed to be ex- 
periencing a large number of abortions, stillbirths, or pigs bom to 
weak at birth to survive.   These farms were located at diverse areas 
of Thailand.  They were the Thai Supreme Command's Mobile Develop- 
ment Unit in Saiyok, Kanchanaburi Province, The Kasetsart University 
pig farm at Tubkwang, Saraburi Province, and a smaller catholic 
operated farm near the town of Nong Khai, Nong Khai Province in 
Northeastern Thailand.   In addition to JEV, herds at these farms were 
checked for evidence of leptospirosis and brucellosis (reports of the 
bacterlologlc studies are reported in the section on bacterial diseases 
of man and animals).  A summary of the serologic results from these 
three areas are shown in Table 1.  Although there was evidence of JEV 
infection at the MDU in Saiyok, it did not compare with that found at 
Tubkwang and Nong Khai.   Virus isolation by intraperitoneal inoculation 
of whole blood into weanling mice was attempted at both Saiyok and 
Nong Khai; JEV was isolat d in this manner from one yearling boar in 
the Nong Khai herd in December.From these findings it is apparent that 
JEV has a wide geographical distribution in Thailand.   Further efforts to 
isolate JEV from sows and stillborn or aborted fetus and correlation to 
sequential serological examinations are required to establish with 
certainly that JEV is at least partly responsible for the problems swine 
producers in Thailand seem to be experiencing. 

Table 1. JEV Serology Results of Pigs outside Chiangmal Valley. 

No. pigs Median 
examined JE HI titer Range 

Saiyok 58 8.7 less than 1:10 to 
1:2560 

Tubkwang 171 125 loss than 1:20 to 
1:2560 

Nong Khai 13 197 1:40 to 1:1280 
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Title: Experimental Infections of Thai Domestic Animals with Japanese 
Encephalitis Virus 

Principal Investigators:  Debhanom Muangman, M.D.   Dr. P.H, 
Dennis O. Johnsen« MAJ,  VC 
Douglas J. Gould« Ph.D. 
Robert Edelman, LTC MC 
Suchinda Udomsakdi« M.D. 

Objective: The purpose of this investigation was to determine if Thai 
domestic dogs, water-buffalo« pigs and cattle may serve as zoonotic 
viral ampllfers in the epidemiology of Japanese Encephalitis Virus (JEV) 
in Northern Thailand. 

Background: Evidence that pigs are involved In the epidemiology of 
Japanese encephalitis has been established by studies performed in 
Japan. In contrast to Japan« the animal census In Chiangmal« Thailand 
has shown that the populations of other domestic species such as dog« 
water-buffalo and cattle often approach and in some cases exceed the 
pig population.  Furthermore« pigs in Northern Thailand are bom through- 
out the year« so there is not a larger population of susceptible pigs 
relative to other species present at the time of the outbreaks of Japanese 
encephalitis. 

If transmission of Japanese encephalitis occurs when mosquitoes 
carry the virus from an infected animal to man, then several species of 
domestic animals in the Chiangmal area should be considered as being 
amplifying hosts in addition to the suspected pig.  From data collected 
in 2 serologlcal surveys of domestic animals in Chiangmal within the 
last year, water-buffalo« cattle« dogs« and horses all have a higher 
percentage of serum HI antibody to JEV than pigs.  Each of these animal 
species produces a number of offspring that are probably susceptible to 
infection at the time the encephalitis season begkis each year. Investi- 
gators from Japan Isolated JEV from cow's blood (Otsuka S. et al.« Virus 
19 (6):336-339« 1969).   However, in a previous study (Gould et al.« 
SEATO Annual Progress Report, 1966 p. 42) conducted at this laboratory 
vlremia was not detected in cattle following subcutaneous Inoculation 
of JEV.  Work by Carey (Ind. J. Medv Res., 56, 1968) confirmed Gould's 
finding.  Other work conducted in Japan (Grosser et al., Jap. J, Exp. Med. 
V. 28, No. 4, 1958 p. 243-248) has shown that horses became viremlc 
after being bitten by JE-lnfected mosquitoes« and this vlremia was suffi- 
cient to Infect feeding mosquitoes.   However« horses are not kept in the 
villages of Chiangmal and were not studied hero.  To our knowledge, no 
Investigations of JEV infections in dogs have been reported.  Young 
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chickens experimentally inoculated with JEV apparently produce both 
antibody and vlremla, but adult chickens bled In field studies includ- 
ing Chlangmai had no evidence of JEV infection. 

In Chlangmai, 3 of 13 field Isolates of J£V have been made from 
mosquitoes trapped while feeding on water-buffalo or cattle.  Ten more 
JEV isolates were made from mosquitoes collected in light traps placed 
near bovlnes and pigs.   Culex trttaeniorhvnchus.  a known TIiV vector, 
and Culey fuscocephala. a potentially-important JEV vector, are present 
in Chlangmai area year round and preferentially feed upon the large 
domestic animals; they also feed upon man.  The analyses of blood in 
the midguts of these wild-caught JE vector mosquitoes indicate their 
marked preference for bovine blood.  The question of whether or not 
domestic animals other than the pig may act as important amplifying 
hosts for JEV must be resolved before sound methods for controlling JE 
epidemic disease can be formulated. Since dogs, water-buffalo, pigs 
and catties are quite prevalent in the rural villages of northern Thailand, 
these animals were studied in the laboratory to determine their ability to 
develop viremia after inoculation with JEV.  In addition, the serologlcal 
responses ofthMe controlled laboratory infections provide a basis for 
the interpretation of the HI serologlcal patterns found in Chlangmai village 
animals, from whom no viruses were Isolated. Representative HI antibody 
patterns from indigenous Chlangmai animals are shown in Table 1. 

Experimental Animals: Two domestic water-buffalo (Babulus balbus); 
#B (female) and #D (male) approximately 11 months old, were obtained 
from Nakom Pathom and Ang Thong Provinces, Thailand.  These animals 
and those described below were housed in mosquito-proof rooms through- 
out the experiment.  They received dally feeding and veterinary care. 

Three domestic dogs (Canls famlllarls); Dog #A (male) bom at Vet. Med. 
Lab. was 11 months old; Dog #3 (male) and Dog #4 (female), 19 month.? 
old, came from Din-Daeng dog compound, Bangkok. 

Two domestic pigs (Sus scrofa); Pig #226 frnale). Pig #?29 (female) 
were 2 1/2 months old when they were bought from Bang Kae District, a 
suburb of Bangkok, 

Two cattle calves (Bos tat. -us) both males age 4-5 months old (#1 
and #2), were born and raised at SMRL. 

All of the above animals were selected because they were free of 
demonstrable HI and NT antibodies to JEV. 
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Viruses:   JE virus, strain BKM-984-70, SM2, was originally isolated from 
Culex mosquitoes in Chiangmai.   This virus strain was uswi in every 
experiment including JEV challenge.   Tembusu virus. Strain BKM-41Ö5- 
70, SM2, was also originally isolated from wild-caught mosquitoes in 
Chiangmai. 

Mosquitoes:  First generation (3-4 days old) laboratory-raised progeny 
of wild-caught Culex trltaeniorhvnchus from Bangkhen District, a suburb 
of Bangkok, were infected by allowing them to feed on JE viremic baby 
chicks overnight.   Each 1 day old chick had been inoculated subcutaneous- 
ly with JEV (1700 PFU) 2 days previously.   Blood-engorged mosquitoes wore 
collected and maintained on 5% glucose and water for 12-13 days in the 
insectary at Entomology Department before transmission attempts were 
made.   After each transmission attempt, fed mosquitoes were individually 
triturated and tested for virus in MK2 cell culture and suckling mice. 
Groups of uninfected Culex tritaeniorhynchus females were induced to 
feed on dogs and water buffalo on day 2,3,4 post infe-'.lve mosquito 
feeding (PIMP).  Engorged mosquitoes from Jiis feeding were kept for 10 
days and tested for virus as above.  Attempts to transmit JEV to unlnfected 
mosquitoes were not done In the pig and cattle experiments due to a 
shortage of mosquitoes. 

Serological tests: Five ml of blood was drawn at various intervals after 
JEV challenges.  The sera were tested for the presence of HI antibodies 
to gro'ip B arboviruses present in Thailand i.e. dengue 1-4, JEV, Tembusu, 
and W esselsbron. 

Virus Isolation Systems: LLC-MK2 cell culture (direct and delayed plaque 
method) and suckling mice were used.   Serum, separated from the clotted 
blood, was inoculated into 2 bottles cultures of MK2 cells (0.3 ml/bottle). 
Heparlnized whole Llood was also drawn from each experimental animal 
et various intervals and Immediately inoculated into 2 litters of 1-2 day 
old white, Swiss mice (8 suckling mice per litter, 0.02 ml of blood I.C./ 
mouse).   The inoculated mice were observed daily for sickness and death 
for a period of 21 days.  Brains of sick mice were passed at least twice 
before the specimens were collected for virus Identification.   Neutralization 
tests were done on virus isolated from animal blood in order to confirm JEV 
viremla. 

Progress: 

Dog and Water Buffalo Study: Presumably-JE infected mosquitoes were 
allowed to feed on dogs and water-buffalo for 2 hours on each of 2 
consecutive nights.   Blood engorged mosquitoes were then collected, 
recorded, and individually tested for virus.  Then blood was drawn from 
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each animal every 12 hours for 7 days and each blood specimen was tested 
for virus In MK-2 cell culture and suckling mice.  The results are present 
in the first 2 columns of Table 2. 

Data in Table 2 show that very low level vlremia (3PFU/ml blood) was 
detected in Dog #A lasting less than 24 hours at 48th hour post-infective 
mosquito feeding.  However, none of the 8 uninfected mosquitoes that 
fed on this dog at the time of vlremia was later found to be Infected.   No 
vlremia was detected in the other 2 dogs and 2 water-buffalo. 

Tho experimental desiqn and results of the serological studies are 
summarized in Tables 3,4,5. 

Buffalo #B (Table 3) had only low titer serological responses to 3 
consecutive inoculations with JEV.   With a very high dose of JEV in the 
fourth challenge (4xl09 PFU), HI titer to JEV rose only to 1:40 at day 7 
with low titer cross-reactions to some other group B antigens.   Buffalo 
#D (Table 4) had similar low and transient serological responses. 

This weak and transient antibody response probably reflects a respons-» 
to the large amount of antigen injected repeatedly rather than virub repli- 
cation in vivo.  The low HI titers and cross reactive antibodies In these 
experimentally challenged animals reproduce the serological patterns noted 
in animals bled in Chiangmai area (see Table 1).  On this basis, it is 
likely that water buffalo in Chiangmai are repeatedly inoculated with JEV 
by vector mosquitoes.   The meagre antibody responses, tine absence of 
detectable vlremia, and the inability to infect mosquito vectors support 
the conclusion that water-buffalo are not important amplifying hosts of 
JEV. 

Dog #A (Table 5) which developed detectable vlremia showed significant 
HI antibodies to JEV and dengue-4 from day 7 (P1MF) but it is impossible to 
tell whether antibody responses are due to infection by mosquito feeding or 
to JEV inoculation.   Dog #3 shows similar heterologous responses to dengue 
4 after mosquito and inoculation challenges.   Dog #4 shows only low titter- 
ed and transient antibody response after inoculation challenge.   The sero- 
logical patterns for the 3 dogs are similar to the serological patterns 
observed in Chiangmai dogs (Table 1). 

JEV vlremia was detected In 1 of 3 dogs bitten by JE infected mosqui- 
toes but the vlremia was brief, low titered and did not infect susceptible 
mosquito vectors.  Therefore, it is less likely that dogs are as important 
JEV amplifying hosts as pigs reported balow. 

1 
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Pig Study: Experimental procedures employed were similar to the water- 
buffalo and dog experiment reported above« except that Tembusu virus rather 
than JEV was given as a second virus challenge to pigs Initially challenged 
to JEV.   Tembusu virus has been recovered from Chiangmai mosquito species 
that are known to bite pigs. 

Following JEV challenge, pig #229 developed high-titered T* vlremia 
for about 3 days (Table 2); pig #226 did not circulate detectable virus. 
No antibody response was detected in the non-viremic pig #226 (Table 6) 
but a high-titered broadly reactive antibody response occurred in the 
viremlc pig #229, with highest tlters to JEV.   Following Tembusu challenge 
44 days after JEV, pig #226 developed specific Tembusu antibody, while 
pig #229, previously sensitized to group B antigen, had an anamnestic 
heteroepeclfic antibody response with highest tlters to JEV.  Because 
Tembusu vlremia was not monitored, it is unknown whether Tembusu re- 
plicated in pigs.   However, JEV seems to be capable of replicating vigor- 
ously in pigs. 

The HI antibody patterns noted after both virus infections in Pig #229 
are similar to those found in indigenous Chiangmai pigs (Table 2),  On 
the other hand, no pig in Chiangmai had antibody patterns that resembled 
pig #226 after Tembusu infection.  Thus there Is no dear evidence that a 
group B arbo/irus other than JEV Infects pigs In Chiangmai. 

Conclusions:  1)  Of all the animals studied, the pig is the most likely 
candidate for a JEV amplifying host. It shows a vigorous antibody response 
indicative of virus replication In vivo and also circulates virus at high 
titer (102 PFU/ml blood) for at least 3 days. 

2) Dogs are shown to be susceptible to JE infection.   In 
contrast to the pig, their low tigered HI antibody responses suggest a 
more limited virus replication in vivo which is also reflected by the low 
and transient vlremia of less than 24 hours.   Moreover, only 1 of 3 dogs 
was found to be viremlc and none of the susceptible mosquitoes fed on 
this animal became infected.   Thus, the dog would not be considered as 
a good amplifying host for JEV . 

3) The water-buffalo seem to be poor hosts for JEV repli- 
cation giving low serological responses only after repeated JEV challenges 
by high tltred inoculums.  In addition, vlremia was not detected by frequent 
Ütration of the animal's blood for 7 days.   None d  the susceptible mos- 
quitoes which fed on these animals became Infected. 

4) The serological patterns in these experimental animals 
resembling those noted in the Chiangmai valley for these animals provide 
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indirect evidence that JEV is infecting the Indigenous animals in Chiangmai. 

5)   The preliminary results of the cattle experiment in progress 
shows no detectable viremia for 7 days after infective mosquito feeding. 
Cattle, like water-buffalo, thus appear not to be good amplyfying hosts 
for JEV. 

i 
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Table 1.   Representative    ; Antibody Patterns.   Indigenous Animal Sera, 
Chiangmai, 1970. 

Reciprocal of HI titer against 
Mmal DL D2_ D? D4 TEV TEMB WEgS. 

buffalo 10 10 10 20 80 40 20 

cattle oW 0 10 10 40 20 10 

pig 160 160 320 640 2560 1280 1280 

dog 10 20 40 320 640 160 40 

horse 0 0 0 20 40 20 10 

oat 0 0 0 10 80 10 0 

chicken 10 20 20 40 160 640 80 

duck 20 20 40 80 320 1280 80 

(1)  liter 0 • <1:10; 01-4 ■ dengue 1-4, TEMB - Tembusu, Wess ■ Wesselsbron 
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Table 2.   JEV Transmission Experiments in Dogs, Water-Buffalo, Pigs 
and Cattle 

DOQ 
Water 

t)V|falß_ 
#B       #D 

Pio Cattle 
#A #3 #4 #226      #229 #1       #2 

No. of presumably 
-JE infected 
moaguitoes that 

ii 2 2 1         4 0            5 12        11 

No. of fed 
mosquitoes found 
to be infected'2' 2 1 2 1         4 5 3          4 

Viremia detected 
(hours after 
mosquitoes 
feedings) 48 .(3) - - -     36,48, 

60,72,84 
- 

Level of viremia 
detected (PFU/ml 
of blood) 3 approx. 

100 

(1) Presumably JE Infected mosquitoes were 12   - 13 days post infectious 
blood meal 

(2) Presumably-JE infected mosquitoes v.'luch became engorged after feeding 
on the above domestic animals were individually triturated and tested 
for virus immediately in MK2 cell culture and suckling mice (I.C.) 

(3) No virus detected. 
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Table 3.   HI Response of Thai Water-Buffalo #B to JEV Challenges 

Days after JEV  Challenge Reciprocal of HI liter 
aaalnnt: 

1st 2nd 3rd 4th Dl D2 D3 D4 JEV Tembusu Wess 

(1) (S) 
0l 

o(2) 
0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 
7 0 0 0 0 20 0 0 

14 0 0 0 0 20 10 0 
21 0 0 0 0 20 10 0 
38 

0C3) 
0 0 0 0 10 0 0 

90 0 0 0 0 0 0 0 
7 0 0 0 0 20 10 0 

21 
oW 

0 0 0 0 20 10 0 
30 0 0 0 0 10 10 0 

7 10 0 0 0 40 20 10 
28 10 0 0 10 20 20 10 

(1) 1 JEV-lnfected mosquito fed on water-buffalo #B on day 0 

(2) Subcutaneous (SC) Inoculation with JEV (BKM-984-70, 6x10   PFU). 

(3) Sc. inoculation with JEV (2.5xl07 PFU). 
9 

(4) Sc. Inoculation with JEV (1x10   PFU at 4 sites). 

(5) liter 0 -<1:10 
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Table 4.   HI Response of Thai Water Bufalo #D to JEV Challenges 

Days after JEV Reciprocal HI Titer 
challenoe < iaa^nst 

1st     2nd 3rd 4th Dl D?. D3 D4 JEV Tembusu Wess. 

0(1) 

7         0^ 
0<S' 0 0 0 0 0 0 
0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 
38 

c'3) 
0 0 0 0 10 0 0 

90 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 

21 
0(4) 

0 0 0 0 0 0 0 
30 0 0 0 0 10 0 0 

7 10 10 0 0 40 40 20 
28 0 0 0 0 40 20 20 

(1) 4 JEV-infected mosquitoes fed on water buffalo #D on day 0 

(2) Sc. Inoculation with JEV (6x10   PFU). 
7 

(3) Sc. inoculation with JEV (2.5x10   PFU). 

(4) Sc. inoculation with JEV (IxlO9 PFU at 4 sites) 

(5) Titer 0 =<1:10 

7Ö3 

L ***** 



Table 5.   HI Responses of Thai Dogs to JEV Challenges 

Days a fter Reciprocal HI tlter 
chail. 

2nd 
aaalnst 

1st Dl D2 D3 D4 JEV Tembusu Wess. 

Dog#A 

od) 
0® 

0 o 0 0 0 0 0 
7 0 0 0 0 0 0 0 

7 0 0 0 40 40 10 10 
14 10 0 0 40 40 10 10 
21 10 0 0 40 40 10 10 
38 0 0 0 10 20 10 10 

Doqt3 

oiD 
0(2) 

0(3) 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 

7 10 0 10 40 160 10 10 
14 10 0 10 40 160 10 10 
21 10 0 10 40 160 10 .10 
38 0 p 0 20 80 10 10 

D9g#4 

„W (2) 0 0 0 0 0 0 0 
7 ov 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 
21 0 0 0 20 20 10 0 
38 0 0 0 10 10 0 0 

(1) JE-inföcted mosquitoes fed on dog #At #3t and #4. 

(2) Sc Inoculation with JEV (6x105 PFU/dog) 

(3) Tlter 0=<1:10 
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Table 6.   HI Responses of Thai Pigs to JEV and Tembusu Challenges 

Days after challenge Reciprocal HI tlfer against 
1st 2nd Dl D2 D3 D4 JEV Tembusu Wess. 

P.g^26 
o<3) 

0 0 0 0 0 0 
7 0 0 0 0 0 0 0 

14 0 0 0 0 0 0 0 
21 

o(2) 
0 0 0 0 0 0 0 

44 0 0 0 0 0 0 0 
7 0 0 0 0 0 10 0 

14 0 0 0 0 0 40 0 
21 0 0 0 0 0 20 0 
35 0 0 0 0 0 0 0 

^P 0 0 0 0 0 0 0 
7 0 0 0 10 80 20 0 

14 0 0 0 80 320 40 20 
21 

o(2) 
10 20 10 80 320 40 40 

44 20 20 20 40 160 40 40 
7 20 20 20 80 160 80 40 

14 40 40 40 160 640 160 80 
21 40 40 40 80 160 80 80 

1 

(1) JE-infected mosquitoes probed on Pig #226 and fed on Pig #229.  JEV 

vlremla was detected in Pig #229 from 36 to 84 hours after mosquito 
2 

feeding (av. titer ■ 10   PFU/ml. blood) 
3 

(2) Sc inoculation with Tembusu virus (1.5x10   PFU/plg) 

(3) Titer 0 -<1:10 

( 
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Title:   Experi.Tiental Transmission of Japanese Encephalitis Virus by 
Culex  fuscocechala. 

Principal Investigators:      Debhanom Muangman, M.D., Dr. P.H. 
Robert Edel' ^n, LTC, MC 
Michael J. culllvan, CPT, MS": 
Douglas J. Gould, Ph.D. 

Objective:   To determine If Culex  fuscocephala mosquitoes can be 
Infected by and transmit JE virus to a susceptible animal host. 

Background:   JEV mosquito vectors In Thailand have been previously 
Identified as Culex trltaenlorhvnchus Giles and Culex qelldus Theobald. 
In 1970, during a JE epidemic, JE virus was Isolated from 2 pools of 
female Culex fuscocephala Theobald collected In Chlangmai, a northern 
province of Thailand.   In this epidemic area, C_. fuscocephala were 
found to be as abundant as C. trltaenlorhvnchus.  a known JE vector. 
Furthermore, their feeding and breeding habits were very similar.   They 
also feed on a wide variety of wild and domestic animals Including man. 
Except for 2 previous reports from Taiwan in 1958 of JEV Isolations from 
this mosquito species. C. fuscocephala  has not been implicated as a 
potentially Important JEV vector.   To our knowledge, no published study 
has evaluated Its efficiency as a vector of JEV. 

Material & Methods:   JE virus strain, BKM-984-70, was isolated from a 
pool of 100 Culex fuscocephala females collected in Chlangmai in 1970. 
Thus stock virus had undergone 3 passages in suckling mice and was 
prepared as a 10% mouse brain suspension in bovine albumin phosphate 
saline (BAPS).   First generations of wild-caught Culex tritaeniorhvnchus 
and Culex fuscocephala females were allowed to feed on viremic white 
leghorn chicks which had been inoculated 55 hours earlier with 
1,700 PFU of JEV subcutansously.   Engorged mosquitoes were then 
collected and maintained for transmission experiments.  At selected 
days after the infectious blood meal, each of 8-10 presumably-infected 
mosquitoes from each species was induced to feed on 1 day old chicks 
at night.  After overnight exposure, each mosquito was inspected for 
presence of blood in its midgut under a dissecting microscope and tested 
for the presence of virus In LLC-MK2 cell culture and suckling mice. 
Chicks which were exposed to presumably Infected mosquitoes were 
kept for 2-3 days before their blood was drawn and tested for vlremla. 
Thus, one group of presumably-infected mosquitoes was individually 
triturated and tested for virus after each transmission attempt while 
another group from the same cohort was similarly titrated without being 
allowed to feed on chicks.   In addition, plague reduction neutralization 
tests were performed on all virus isolates from the chick sera in order to 
confirm JE vlremla. 
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Results:  1)   TE virus multiplication In C. trltaenlorhvnchus and C. 
fuscocephala:    Fig, 1 below shows that JE virus multiplies equally well 
In both mosquito species. 

2) Infection Rates: In Table 1, the data demonstrates that more 
than 90% of both mosquito species are Infected with JEV after feeding on 
vlremic chicks and the infection remains at high level for at least 27 days. 

3) Transmission Rates: In Table 2, both mosquito species show 
similar ability In transmitting JE virus to baby chicks. All virus Isolates 
from chick sera were proven to be JEV by neutralization test. 

4) Relationship between Moaqulto Engorgement and Virus 
Transmission:   Data In Table 3 si.   /s that JE virus transmission could 
occur either by feeding until blood engorgement occurs or by feeding without 
engorgement (probing only). 

Discussion & Conclusions:   It was demonstrated that more than 90% of 
C. trltaenlorhvnchus and C^ fuscocephala became Infected after 
Ingesting very small amounts of JEV (average Infecting dose = 8 PFU/ 
mosquito).   JF virus multiplied In both mosquito species to comparable, 
high tlters (above 10 5 PFU/mosquito) within 10 days after the Infectious 
blood meal.   Once Infected, both species maintained high virus tlters 
through at least four weeks.   The average transmission rates In both 
mosquito species were found to be similar (16% and 17%).   These low 
transmission rates might be due to several factors, such as low 
concentration of JE virus Initially Ingested (8PFU/mosqulto), somewhat 
low Insectary temperature (25'-27*C), or the combination of first 
generation of wild-caught mosquitoes and JE virus of low passage. 
Evidence suggests that virus transmission occurred after mosquito probing 
as well as after feeding to repletion. 

Thus, we have demonstrated a high vector efficiency of C. fuscocephala 
in the laboratory when compared with Cj trltaeni&rhvnchus.  a confirmed 
JEV vector.   Together with field observations, these data provide strong 
evidence to incriminate Culex fuscocephala as a potentially important 
vector of JE virus in the northern part of Thailand. 
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Table 1.   Number of Culex trltaenlorhynchus and Culex fuscocephala 

infected with JE virus at various days after the infectious 

blood meal 

Days after the 
infectious blood meal c. fuscocephala c. trltaeniorhvnchus 

10 19/20* 20/20* 

11 20/20 IB/w 

19 20/20 18/20 

27 14/15 18/20 

TOTAL 73/95(97%) 74/80(92%) 

*No. of mosquitoes infected 
Total mosquitoes tested 
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TabJe 2.   Comparison of the transmission rates of JEV-infected Culex 

fuscocephala and Culex trltaenlorhvnchus mosctultoes* 

Days after the 
infectious blood meal C. fusco C. tti, C. fVS(?p        C.Jü_ 

10 1/10** 0/10** 10% 0% 

11 2/10 1/10 20% 10% 

19 2/10 4/10 20% 40% 

27 1/8 2/10 12% 20% 

TOTAL 6/38 7/40 16%*** 17%*** 

*  Each mosquito was tested for the presence of virus immediately after 

the transmission attempt and all were found to be infected. 

** NQ, qf vtffl49 (fttgks 
total no. chicks exposed 

*** Average transmission rate 
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Table 3.   Relationship between mosquito engorgement and transmission of 

JE virus to 1-2 day old chicks 

Virus transmission Enooroed Mosctultoes* 
C, fuscp,       G, tn. 

Unenqoraed Mosaultoes 
C. fuscp,         C, tr^ 

positive 3 5 3 2 

negative 3 14 29 19 

Total 6 19 32 21 

* Mosquitoes with the presence of blood in the abdomen after an overnight 

exposure to 1-2 day old chicks. 
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JE Virus Recovery afcer High Speed Centrlfugatlon of Presumably-Infacted 
Mosquito Pools 

Principal Investigators:    Debhanom Muangman# M.D., Dr.P.H. 
Robert Edelmann LTC,  MC 
Douglas J. Gould, Ph.D. 

Objective:  To determine 1) whether high speed centrlfugatlon 
or    2) the presence of large number of unlnfected 

mosquitoes In a presumably-Infected mosquito pool would Influence virus 
recovery from the supernatent fluid of that triturated pool. 

Background:  In the Chlangmal JEV project, virus was Isolated from 
triturated pools of various mosquito species clarified by high speed 
centrlfugatlon (10,000 rpm at 40C for 30 min).   No experimental data 
are available which show the possible deleterious effect of such centrl- 
fugatlon on virus recovery.   Furthermore, Yuill (SEATO Lqb) had reported 
in the past that the presence of large number of unlnfected mosquitoes In 
a pool might decrease the chance of virus recovery in LLC-MK2 cell 
culture due to virus inhibitors released by mosquito tissues.  The current 
study was designed to elucidate the effect of centrlfugatlon on virus 
recovery and to confirm that mosquito tissues are Indeed Inhibitory in 
tissue culture. 

Progress:  Presumably - JEV Infected Culex tritaeniorhynchus  (13 days 
post Infectious blood meal) was triturated with 99 unlnfected Culex tri. 
in 4 ml. of Bovine Albumin Phosphate Saline (BAPS) which contained 
penicillin, streptomycin, and Funglcidin.  A total of 10 such pools were 
triturated.   The triturated mosquito pool was divided^nto 2 equal portions. 
The first portion was centrifuged at 10,000 rpm. ai 4 C for 30 min.   The 
second portion was left in a container surrounded by wet ice in a refrigerator 
at 40C for the same period of time.  After that, the two supernatent fluids 
were collected and tested for the presence of virus in suckling mice (I.C.) 
and in LLC-MK2 cell culture (direct and delayed plaque method).  The 
results are shown in Table 1. 

The results demonstrate no significant difference in virus recovery in 
centrifuged and non-centrifuged portions of each of the 10 mosquito pools. 
Although MK2 cell culture and suckling mice seem to be almost equally 
sensitive in detecting virus, contamination (especially with fungi) of 
tissue culture occurs about 5 times more frequently in non-centrifuged 
than uncentrifuged specimens.   The suckling mice were apparently not 
affected by this contamination.  Thus centrlfugatlon apparently does not 
impair recovery of JEV from infected mosquito suspensions.   On the same 
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day of the previous experiment, 23 presumably JEV Infected mosquitoes 
from the same infected mosquito lot were Individually triturated in 1 ml. 
of BAPS, centrifuged, and tested for virus in MK2 cells.   The results 
were compared with MK2 cell virus recovery from the 10 mosquito pools 
composed of 1 Infected mosquito and 99 uninfected ones (Table 1).   The 
results in Table 2 provide evidence that the presence of at least 99 
uninfected mosquitoes in a pool of 100 mosquitoes did not Interfere with 
the detection of virus In that pool as Isolated in MK2 cell.   Thus, we 
were unable to confirm Yulll's observation that large amounts of triturated 
mosquito tissues might have virus Inhibitory effect In tissue culture. 
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Table 1.  Virus Recovery from Centzlfuged and Non-Centrtfuged Mosquito 
Suspensions In Suckling Mice and LLC-MK2 Cell Culture. 

Centrifuoed 
Suckling Mice MK2 

2/10* 3/10 

Non-Centrifuged 
Suoldlna Mice        MK2 

2/10 2/10 

*  No. pools positive 
No. pools tested 

Table 2.  Infection Rates of Presumably-Infected Culex trltaeniorhvnchi: 
Triturated alone (A) or with 99 Uninfected Mosquitoes of the 
Same Species (B) 

No. Pools infected*** 
No. Pools tested 

Infection rate 

Mosquito Pools-A*    Mosquito Pools - B** 

6/23 3/10 

26% 30% 

* 1 Presumably - JE Infected mosquito>ln 1 ml diluent 
** 1 Presumably - JE infected mosquito and 99 uninfected mosquitoes in 

4 ml diluent 
*** JE virus isolations in MK2 cell culture. 
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The Sensitive Host for Recovery of Japanese Encephalitis Virus (JEV) 

Principal Investigators:    Palratana Gunakasem, M.D. 
Robert Edelman, LTC   MC 

Associate Investigator:     Franklin H. Top, LTC  MC 

Background:  In the previous Annual Report, Aedes alboolctus cells (Sin^h 
line) were shown to be equally or more sensitive than LLC-MK2 cells for 
the growth of arboviruses recovered in Thailand.   The viruses tested were 
the 4 serotypes of dengue, JEV, Wesselsbron, Ingwavuma and Tembusu 
viruses.  The virus titer obtained in Aedes alboplctus cells was generally 
higher than that in MK2 cells and the peak virus titer in A. alboolctus 
cells appeared earlier than in MK2 cell.   The present study was designed 
to compare A. albooictus cells and MK-2 cells as isolation systems for 
recovery of JEV from the brain of fatal human cases and from the brain of 
primates intracerebrally inoculated with various strains of JEV. 

Methods: The host systems used for virus Isolation were A. alboplctus 
cells, LLC-MK2 cells and one-day old mice.   The method oi virus assay 
was plaque tltratlon In LLC-MK2 cells. 

Before inoculation, brain suspensions were serially diluted ten-fold 
and each dilution was Inoculated into A. alboolctus cells, MK2 cells 
and one-day old mice.   The sensitivity of the 2 tissue cultures was 
defined as the highest dilution of brain suspension that yielded a virus 
titer of not less than 10       In the fluid phase of the infected cell culture. 
In tissue culture systems half of the fluid supernatent was sampled and 
replaced with equal volumes of fresh medium.   The period of study was 
7 days.  In mice, the morbidity ratio of the first brain passage was used 
to indicate the growth of virus.  Two litters (15 mice) were used for the 
intracerebral inoculation of each brain dilution.   The volumes of virus 
Inoculation in tissue culture and mice were 0.3 ml and 0.02 ml respectively. 

Progress:   1.   Recovery of JEV from experimental monkeys:  Five monkeys 
were inoculated intracerebrally with 7xl04,0 to 1x10      .   PFU JEV per 0.25- 
0.5 ml Inoculum.   The passage history of the virus used in each monkey 
Is shown in Table 1; two JEV strains were Isolated from Infected mosqui- 
to pools while the third strain was originally isolated from a human 
brain.   Within 7 days after inoculation the monkeys developed Intermittent 
fever, lethargy, paresis and collapse.   The monkeys were sacrificed 
within 1 or 2 days after symptoms developed, the brains removed, and 
portions frozen for vims recovery and fixed for histopathological analysis. 
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Monkey y-0102 was not killed 1 to 2 days after paresis developed but 
rather 2 weeks later.   It was anticipated that the virus titer In the brain 
of this monkey would be lower than the 4 other subjects and that the low 
titer would better test the abilities of the Isolation systems to recover 
JEV. 

The results in Table 1 show that A^ albopiotua cells are more 
sensitive than MK2 in the recovery of JEV from monkey brains, and 
generally detected virus at a 10-fold less dilution than obtained in 
MK2 cells.   No virus was recovered in either cell culture in the monkey 
killed after 2 week of paralysis.   Both cell cultures were more sensitive 
than suckling mice in these experiments. 

2.   Recovery of JEV from human brain:  Suspensions of human brain 
from encephalitis cases were used to test the recovery of JEV by direct 
and delayed plaque in LLC-MK2 cells and in suckling mice; the results 
are shown in the last two columns of Table 2.   Remaining suspensions 
stored at -70oC were thawed, diluted ten-fold and inoculated Into A. 
albopictus cells, MK2 cells and one-day old mice.  Agreement between 
initial isolation and relsolation results in MK-2 cells was found.  In 
the relsolation. A, a^boo^ctus cells were more sensitive than MK2 cells 
except for specimen 48642.  A. albopictus cell line is the only host 
that recovered JEV from brain specimen 4S342 from which JEV was not 
isolated Initially.   The mouse isolation technique failed to demonstrate 
JEV growth of 48197 (relsolation) and 48642 (primary isolation). 

These results would suggest that A^ albopictus cell line may be 
more sensitive than MK2 for isolation of JEV from infected brain.  The 
data would gain added significance if replicate experiment oases were 
performed in order to confirm the initial promising results. Suskling 
mice in these experiments wer«» far less sensitive than both tissue cultures. 
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Table 2.  The Sensitivity of A. albooictus Cells, LLC-MK2 Calls and 
One-day Old Mice In the Recovery of JEV from Human Brain. 

Specimen 
number 

Login dilution of brain yielding 
i. IOZ.0 virus Uter on dav 7 
LLC-MK2            A. albooictus 

Results of mouse  Result of primary 
Inoculation            isolation** 

(moiblditY ntlc)   U&4UU.   Mice 

45342 
1970* 

Negative               Undiluted Negative Nogativo Negative 

48197 
1971 

2.0                           3.0 Negative Positive Positive 

48642 
1971 

3.0                           3.0 undiluted 1/16 
101>0      0/16 

Positive Negative 

48944 
1971 

1.0                           2.0 Not done Positive Positive 

49349 
1971 

1.0                           2.0 Not done Positive Positive 

48633 
1971 

Negative             Negative Negative Negative Negative 

48579 
1971 

Negative             Negative Negative Naaatlve Negative 

48530 
1971 

Negative             Negative Negative Negative Negative 

* Year of virus isolation 
** Inoculation with undiluted material 
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Title:  Group B Arbovirus Serology:  Search for Humoral Specificity. 

Principal Investigators:     Robert Edelman, LTC   MC 

Associate Investigators:    Anong Pariyanonds, M.S. 
Marvin H. Firestone, MAJ MC 
Richard A. Grossman, LTC MC 
Suchlnda Udomsakdl, M.D. 

Objective:  To Improve serologlcal specificity in group B arbovirus 
Infections by isolating and titrating serum IgM antibody In Individuals 
with dengue and Japanese encephalitis virus infections. 

Background: A detailed description of this study, together with the IgM 
antibody serologlcal results on 39 patients with group B arbovirus infec- 
tions, was Included in last, year's SMRL Annual Report.   Briefly we 
observed that the 3 standard serologlcal tests, HI, CFV and PRNT used 
alone or in combination cannot clearly Identify a type-specific group B 
arbovirus antibody in whole serum of individuals who have been orevious- 
ly Infected with group B agents.   In an attempt to Improve spec, city we 
fractionated convalescent sera obtained from Japanese encephalitis 
patients by sucrose density gradient centrlfugatlon and found low-titered 
IgM HI antibody directed mono specifically against JEV.   The IgG in these 
sera reacted heterospeclflcally In high liters with antigens common to 
dengue 1-4 and JEV and was responsible for the cross-reactions noted in 
standard serologlcal tests. 

We report here studies on the specificity and persistence of circu- 
lating IgM antibody in Japanese encephalitis patients, IgM patterns in 
a variety of dengue infections, and the use of IgM analysis to diagnose 
fevers of unknown origin. 

Progress: A.  Serum IgM Antibody in Japanese Encephalitis Patients, 
Chiangmai 1970. 

The Dept. of Neuropsychlatry, SMRL, has studied the neuropsychiatrlc 
recovery of convalescing JE patients.  The patients were hospitalized in 
Chiangmai and adjacent Lampang Valley in 1970 and were bled for group B 
arbovirus serology (dengue 1-4 and JEV)' during hospltalizatton and at 
intervals of weeks to months over a 1 year followup period.   No dengue 
transmission was detected In these valleys in 1970.  Access to this serum 
has provided a unique opportunity to 1) correlate the presence or absence 
of detectable JEV IgM antibody with the HI and CF serologlcal pattern 
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(primary or secondary infection), 2) determine in a large number of 
patients whether or not JEV IgM antibody cross-reacts with dengue 
1-4 antigens, 3) study the persistence of circulating IgM antibody 
following clinical disease. 

Table 1 summarizes the serologic criteria used to distinguish 
primary JEV infections and secondary group B arbovirus infections 
of unspecified virus type. 

A total of 54 encephalitis patients have been studied to date; 
their whole serum serological patterns and IgM analyses are summarized 
in Table 2.   The number of serum specimens analysed from each patient 
ranges from 1 to 6.   Of 45 patients showing >4-fold rising titers, 19 
had a primary JEV infection, and 18 of the 19 had JEV specific IgM 
antibody In 1 or more convalescent sera, thus confirming a first infec- 
tion with JEV.  Fifteen of 26 patients with rising titers and a secondary 
group B serological pattern had IgM and thus evidence of first infection 
with JEV.  All patients with IgM antibody had recent JEV infections, 
because IgM was not found in the acute serum, or found in titers signi- 
ficantly lower than in convalescent sera.   Presumably these 15 patients 
had been previously infected by a group B arbovirus other than JEV; this 
previous heterologous group B infection did not protect thbm against 
Japanese encephalitis. 

Several possible reaso.is can be given for the failure to detect IgM 
in 11 of the 26 patients with serologically confirmed secondary infections. 
First, the high-titered IgG antibody characteristically found in secondary 
infection sera tends to contaminate the IgM-containi ig serum sucrose 
fractions.  If IgM antibody titers are lower than contaminating IgG titers 
in such fractions, tiey will be 2-mercaptoethanol resistant, and thus 
falsely appear to contain no IgM.   Second, timing of the convalescent 
sei urn is important, because the IgM rise may be transient and so be 
detectable only 10 to 28 days after the onset of illness.   For example 
three IgM negative patients, with serums drawn on days 9, 42, and 45, 
may fall into this category.   Thirdly, some of these 11 negative patients 
may have been infected with JEV before their recent JE infection and 
might not produce IgM after a repeat JEV infection.   Fourthly, the acute 
heterospecific rise in whole serum titers may be caused by a group B 
encephalitis virus infection other than JEV.   Finally it is conceivable 
that some individuals do not synthesize IgM antibody to JEV if they have 
been previously sensitized to a related group B agent.   The latter 3 
explanations are considered less likely than the first 2 offered.   In 
addition, JEV-IgM antibody was present in 4 of 9 patients with fixed 
or falling whole serum titers indicating a recent JEV infection, although 
it was not possible to diagnosis a recent infection using standard 
serological tests. ^nn 
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Thirty-seven of 39 patients with IgM antibody listed in Table 2 had 
liters of IgM antibody reactive only against JEV.   Two patients (both 
with secondary infections) had IgM that cross-reacted with D4 (JE-C-69) 
and Dl, D2, and D3 (JE-M-37) (see Table 3).   Thus IgM antibody pro- 
dueced by 39 encephalitis patients was monospecific in 95% of cases, 
and In one of the exceptions with heterospecific IgM antibody (JE-C-69) 
the high JEV IgM titers and low D4 IgM titers strongly suggested a recent 
JEV infection.   The unusual combination of high titered, cross-reactive 
and persistent IgM antibody found in the other exception, JE-M-37, 
remains an enigma; her IgM and whole serum patterns are compatible with 
a recent dengue infection (see next section on dengue infections), however 
no dengue transmission was documented at the time (1970) and place 
(rural phiangmai valley) she was in.ected. 

The persistence of circulating IgM antibody was determined in the 
19 patients with primary and the 18 with secondary group B serological 
patterns (Table 2).   The results, summarized in Table -i, indicate that 
IgM may circulate in gradually declining titers for greater than 5 months 
after primary and secondary infections.  The IgM was detected in one 
patient for at least 14 months.   Following sera collected later than 1 
month after illness was usually drawn at 2 to 6 month intervals rather 
than monthly.   Many primary infection patients in particular, had 
IgM antibody present in all serum samples, so that even longer persistence 
would have undoubtedly been documented with additional or more frequent 
sampling.  The time intervals listed in Table 4 therefore represent the 
minimum rather than the maximum values for IgM longevity in vivo. 
The question arises whether such long term persistence of IgM Is asso- 
ciated with persistence of the antigen, and if so, whether this antigenic 
persistence is clinically significant.  Furthermore, will those patients 
with prior group B infection as evidenced by a 2° serological response, 
be partially protected as a consequence of prior sensitization and show 
fewer neuropsychiatric sequelae (as compared to 1° infections) during 
hospltalization and thereafter.   Finally does a clinical difference exiU 
between those who had detectable IgM antibody and those who do not. 
All of these questions are being examined now in collaboration with the 
department of Neuropsychiatry.   There were no discernable age or sex 
differences between the patient groups with and without IgM antibody; 
approximately 1/3 were female and 2/3 were male In both groups, and 
ages ranged from 6 to 35 yrs in IgM negative patients and 3 to 47 years 
in the IgM positive patients. 

C.   Serum IgM antibody in Inapparent JEV infections. 

Approximately 31 Chiangmai villagers and urban school children 
studied in 1970 had serological evidence consistent with recent JE or 
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group B arbovlrus infection.   Ten persons had primary JEV Infections with 
rising or falling JEV titers; the remaining 21 had secondary infections 
with rising, falling or fixed titers.   36 serum from these 31 persons were 
fractionated by S-DGC.   Only 1 serum from a Chiangmai City school 
child contained trace amounts of IgM antibody to dengue 2.   The 35 other 
serum contained no demonstrable IgM antibody.   The inability to detect 
IgM antibody in these sera may have resulted from the 3 mo.'th interval 
between each bleeding, with decay of IgM antibody in the interim; alter- 
nately individuals with inapparent JEV infections may not produce IgM 
antibody or produce it for much more limited durations than persons with 
encephalitis. 

In order to eliminate the latter possibility, serum obtained from 6 
family members of 6 encephalitis patients was fractionated.   These 
family members had experienced an Inapparent JEV or group B infection 
diagnosed by rising titers in serial serums drawn prospectively over 1-3 
week intervals.  As shown in Table 5, 4 of the 6 subjects produced IgM 
antibody reactive only with JEV, thus confirming that IgM is produced in 
inapparent JEV infections, 

C.   Dengue infections. 

The IgM results on 2 patients with dengue hemorrhagic fever (DHF) 
(2   infections) and 6 patients with dengue fever (1° infection) was reported 
in last year's Annual Report.   Briefly, no IgM antibody was found In the 
2 patients with DHF and in one with 1° dengue fever.   Five dengue fever 
patients did have IgM antibody in their convalescent serum, but In 2 of 
these individuals the IgM cross-reacted with either JEV or another dengue 
serotype.  Four more patients admitted to Bangkok hospitals in 1971 were 
studied and are reported below.   Three had clinically confirmed DHF 
(CH-404k, CH408k, CH-454m; Table 6) and 1 (RA-005k) had unconfirmed 
DHF (hospital record not available).   These 4 children were 4 to 6 months 
old and all had serological patterns consistent with 1°, rather than 2° 
dengue infections.   Dengue-2 virus was isolated from 1 patient who also 
developed severe dengue shock syndrome.   Low serum complement levels 
were found in the 2 patients tested for C (CH-404k, CH-408k).   The IgM 
patterns shown In Table 6, reveal that all 4 developed IgM antibody to 
dengue, but unlike 95% of JE patients, the IgM oitibody was heterospeci- 
fic and cross-reacted with one or more of the other dengue serotypes or 
JEV.   There is no explanation for the predominantly monospecific IgM 
antibody in JEV infections, and the heterospeclfic IgM found with more 
regularity in dengue.   The appearance of IgM antibody in these patients 
confirms the serological diagnosis of a primary dengue infection and 
suggests further, that patients under the age of one year can develop 
DHF or DSS after a primary dengue infection.   One of these patients 
(GH-404k = #26, Fig 3) Is presented In greater detail in the dengue section 
of this Annual Report. oft„ 
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D.   Tropical fevers caused by Group B arbovirus. 

Serial serum samples were obtained from a Peace Corps volunteer 
In Thailand before and after he developed a dengue-like febrile illness. 
He had been immunized against yellow feve. before coming to Thailand 
and had received a primary and booster course of Blken killed JEV vaccine 
after his arrlva^. As shown in Table 7, results of HI tests were consistent 
with a recent 2   group B infection, virus type unspecified.   The cross- 
reactive IgM antibody in the convalescent serum suggests, more speci- 
fically, that he suffered a recent primary dengue virus infection. 

MAJ Robert Howarth, £th Med Lab, Vietnam, supplied 6 paired sera 
from U.S. troops In Vietnam hobr<tallzed with fevers of unknown origin. 
Five of tho 6 had serological evidence of a recent group B infection, with 
rising titers to JEV and to 3 or 4 dengue serotypes.  One had high fixed 
titers to dengue 1-4 and JEV.   These serological results together with 
IgM fractionatlon of the convalescent sera are shown in Table 8.   JEV 
specific IgM antibody was found in 4 patients, and 01 specific antibody 
was detected in 1 patient.   One patient was IgM negative, but his 
convalescent serum was drawn only 2 days after the acute phase serum. 
Thus IgM fractionatlon of convalescent serum in these FUO patients with 
2° group B Infections provided improved serological specificity, provided 
the convalescent ssmm is drawn at the proper time.   No virus isolations 
are available to confirm these serological results, and the interpretation 
rests on serological similarity to previous virus confirmed patients 
together with the clinical and epidemlologlcal data. 

Summary and Conclusions:  The fractionatlon and titration of serum IgM 
HAI antibody appears to be a new md usaful serodiagnostic method in 
certain group B arbovirup irfections.   It is more virus specific than the 
standard serological tests, particularly in secondary Infections, and 
often allows the diagnosis of a specific recent JEV or dengue infection 
at a time when the paired serum show only fixed elevated titers.   The 
JEV IgM data for gibbons (this annual report) and previous human studies 
confirms that IgM antibody is produced after first JEV infection, apparent 
or inapparent, and after dengue, but not after a repeat infection with the 
sune virus, a finding which has permitted certain seroepidemiological 
conclusions about group B arbovirus infections.  For example, the presence 
of JEV-speclfic IgM antibody in serum of encephalitis patients showing 
non-specific secondary group B antibody patterns (indicative of prior 
group B infection) suggests that their previous group B infection was not 
JEV and that there was no cross-protection against the development of 
Japanese encephalitis in these patients. 

The persistence of circulating IgM antibody ^or a long as 14 months 
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after Japanese encephalitis suggests that the virus or non-infectious 
viral antigens may persist In some convalescing patients beyond the 
acute Illness.   This finding Is of considerable theoretical interest in 
view of recent work elsewhere on slow virus infections.  Another 
example of insight gained through IgM analysis concerns the 4 infant 
children studied with dengue hemorrhagic fever and shock syndrome. 
The detection of IgM antibody in convalescent sera of these children 
confirms the serologlcal diagnosis of a primary dangue infections and 
thus suggests that children under 1 year can develop dengue compli- 
cations following a primary infection rather than after the customary 
2nd dengue infections as seen In older children. 

The IgM technique has not proven useful In remote Infections or 
when the convalescent serum cannot be dated with respect to the acute 
illness, owing to the transitory appearance 01 circulating IgM in most 
patients.   Moreover the failure to detect IgM antibody by S-DGC, 
particularly in secondary infections, may result from technical insen- 
sltivity of the procedure (as described above) thereby giving a false 
negative result in the presence of low titered IgM antibody.   Consequently 
the successful detention of IgM antibody has considerably more meaning 
than the failure to detect such antibody. 
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Table 1.   JEV Serologie Diagnostic Criteria* 

Serum HI Antibody liter 
Response Acute 

primary 1. < 1:20 to all dengue 
antigens. 

secondary 1. >1:40 to at least one 
dengue antigen. 

Convalescent 

1. >4 fold rise to JE antigen 
2. Titer to JEV >4 fold titer to 

dengue 4 
3. <1:80 to dengue 4 antigen 

1. >4-fold rise to JEV and at 
least one dengue antigen. 

2. Titer to JEV less than 4-fold 
greater than titer to dengue 
antigens 

*  Serum titerec against Dengue 1-4 and JEV 
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Table 2.   JEV-speclfic IgM antibody in JE patients listed by serological 
group Chiangmai 1970, 

Whole serum   Total 
Pts. 

Number of oatients in whom: 
tttw IaM antibody detected 

Primary"   Secondary30" 
IqM ngt deteqted 

Primary         Secondary 

Rising 45 18 15 1 11 

Fixed 6 1 1 0 4 

Falling 3 

jtals        54 

0 

19 

2 0 1 

T( 18 1 16 

x  HI and/or CF 
xx  No serological evidence of previous group B arbovirus infection, 
xxx Serological evidence of previous group B arbovirus infection. 
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Table 3.   Cross-reactive IgM Antibody Patterns In Two Patients with 

Encephalitis 

S-DGC* 
Fractl«?n 

HI Tltre In S-DGC Fractions 
Patient JEV 

C     2ME 
D4 D3 D2 Dl 

C     2ME C     2ME C       2ME U      2ME 

JE-M-37 
47 yr. woman      3 
6 Aug. 1970          4 

5 

32 
64 
32 

8 
8 
8 

16        8 
16        8 
16        8 

16        8 
>126       8 

16        8 

16         4 
64         A 
16        4 

32         4 
64         4 
16         4 

Whole 
serum 

20 July 70 
6 Aug 70 

160 
5120 

320 
10240 

320 
20480 

160 
2560 

160 
10240 

JE-C-69 
17 Aug. 70 

3 
4 
5 

16 
32 
16 

4 
4 
4 

4        0 
8        0 
4        0 

4         2 
4         2 
4         2 

2          2 
2          2 
2          2 

2         2 
2         2 
2         2 

Whole 
serum 

31 July 70 
17 Aug 70 

5120 
2560 

1280 
640 

1280 
1280 

1280 
1280 

640 
540 

* sucrose density gradient centrifugatlon 
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Table 4.   Longevity of IgM antibody in vivo after Japanese encephalitis 

Whole serum 
antibody pattern 

Primary 

Secondary 

Number of patients with IgM last detectable^ 
 during month3""  
0-1      1-2       2-3       3-4        4-5       5-8 

U 4 3 1 

10 4 2 1 

>8 

x   HI and/or CF 
xx Values represent tne minimum interval after illness 
xxx After onset of illness 
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Table 5. Inapparent Infections (Confirmed & Questionable). Chiangmai 

fömiJy Case Members - 1970. Sera fractionated by S-DGC for 
IgM Ab vs. Dl-4, JE, Tembusu, Wess^lsbron. 

Pt. No./ 
HI pattern^" 

Serum 
Date 

S-DGC 
Results Antiqens* 

JE-C-6C 
1  -R 

44585 
44586 
45037 

25 May 
9 June 

14 June 

N.l.# 
N.T. 
IgM + JEV JE,D4/TIW 

JE-L-12I 
10-R 

44709 
44710 

11 June 
23 June 

N.T. 
IgM + JEV JE/D4,TfW 

JE-L-Ua 
10-R 

44762 
44763 

15 June 
29 June 

N.T. 
IgM + JEV JE/D4fT/W 

JK-C-26D 
i0-R 

44966 
44967 
46049 

29 June 
13 July 
19 Aug 

N.T. 
IgM + JEV 
IgM +JEV 

JE, T, D4 
JE,T,D4,W 

JE-C-32C 
20-R 

45177 
45178 
46206 

2 July 
17 July 
21 Aug 

N.T. 
IgM Neg. 
IgM Neg, 

JE, Dl-4, T,W 
JE, D4, T 

JE-M-53d 
1° -R 

46635 
46636 
46869 

30 Sept 
12 Oct 
12 Nov 

IgM Neg. 
N.T. 

IgM Neg. 

D4, JE, T,W 

# N.T. = not tested 
* D4 = dengue/1« Dl-4 = Dengue 1-4, T = Tembusu, W = Wesselsbron 
xx 1° -R - monospecific rising tlter to JEV (see Table l* 

2    -R = hßterospecific rising titers to group B antigens (see Table 1) 
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Table 6.  IgM antibody pattern In Infants with dengue hemorrhaglc fever & 
shock syndromes - 1971. 

S-DGC 
fOCUfiD 

G 

HAI Uterin 5-DGC ; fractions 
Eaiiaut IEV D4 D3 D2 Dl 

2ME 0. 2ME _ c 2ME C       2ME c 2ME 

CH-404K 
49133 
D2 Isolated 

2 
3 
4 

4 
8 
2 

0 
0 
0 

4 
16 
4 

0 
0 
0 

2 
8 
4 

0 
0 
0 

8         0 
16         0 
4         0 

2 
4 
0 

0 
0 
0 

CH-408K 
49100 
virus neg. 

2 
3 
4 

2 
4 
2 

0 
0 
0 

4 
16 
4 

0 
0 
0 

2 
8 
4 

0 
0 
0 

16         0 
32         2 
16         2 

0 
2 
2 

0 
0 
0 

CH-454M 
49664 
virus neg 

2 
3 
4 

2 
8 
2 

0 
0 
0 

4 
16 
4 

0 
2 
2 

2 
8 
4 

0 
0 
0 

16         0 
32         2 
16         2 

2 
4 
2 

0 
0 
0 

RA-00SK 
48709 

No isolation 
attempted 

2 
3 
4 

2 
4 
2 

4 
0 
0 

4 
8 
4 

2 
2 
2 

2 
4 
2 

0 
0 
0 

8          0 
32          0 

&         0 

2 
4 
2 

0 
0 
0 
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Table 7.   Whole serum and IgM HAI Antibody in a Peace Corps Volunteer 
with a Febrile Dengue-Like Illness 

S-DGC HAI titer in S- -DGC fractions of convalescent serum 
fraction TEV 

C      2ME 
D4 D3 D2 Dl 

C 2ME C 2ME C 2ME C 2ME 

2 
3 
4 

8         2 
16         4 

8         4 

4 
16 

8 
8 
8 

4 
8 
8 

2 
2 
2 

8 
32 
16 

0 
2 
2 

2 
4 
4 

0 
0 
0 

whole acute   <10 
serum conv.    640 

<10 
2560 

<10 
320 

<10 
640 

<10 
320 

till 
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Table 8.  Whole Serum and IgM HAI Antibody In American Troops Hospitalized 

with Tropical Fevers. Vietnam 1970 

Date             HAI titers In whole serum vx IgM Antibody 
P?tt9Pt serum       JEV D4 D3 D2 Dl Chjk äetectedx vs 

Jackson 4/10/70        0 
18/10/70    320 

0 
80 

0 
80 

0 
40 

0 
40 

0 
0 JEV 

Chrlstopherson 2/11/70     0 
4/11/70   160 

0 
20 

0 
40 

0 
20 

0 
0 

0 
0 not .istected 

Bartsch 22/11/70   160 
29/11/70 10240 

40 
1280 

40 
2560 

20 
640 

20 
320 

0 
0 JEV 

Hanson 17/9/70       80 
29/9/70     640 

0 
80 

20 
160 

0 
40 

0 
40 

0 
0 JEV 

Shire 19/11/70   5120 
22/11/70   10240 

5120 
1280 

2560 
5120 

640 
1280 

1280 
1280 

0 
0 Dengue-1 

Kokanlch 20/11/70     2560 
2/12/70 >20480 

320 
640 

640 
1280 

160 
640 

80 
320 

0 
0 JEV 

x   IgM tltered against Dl-4 &'JEV. 
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Title:   Immunoglobulln Response and Viremia In Dengue Vaccinated 
Gibbons Repeatedly Challenged with Japanese Encephalitis Virus. 

Principal Investigators:       Robert Edelman, LTC MC 
Ananda Nisalak, M,D. 

Associate Investigators:     Anong Pariyanonds, M.S. 
Suchinda Udomsakdl, M.D. 
Dennis O. Johnsen, MAJ VC 

Description:   The background and preliminary results of this project can 
be found in SMRL Annual Report, 1970-1971,   Briefly we have studied the 
humoral immunologlcal response of gibbons previously Infected with 
dengue viruses to repeated challenge with JEV.   The purpose of the study 
was to attempt to improve serological specificity in secor.dary group B 
arbovirus Infections.   The study also provided a unique opportunity to 
examine whether previous dengue infections protected against JEV 
Infection.   With this report the study is concluded. 

Results:    First JEV Challenge. 

Table 1 records the prior dengue exposure of the eijhi gibbons, the 
presence or absence of detectable JE viremia following JEV inoculation, 
and the antibody response as measured by the three standard serological 
tests.   None of the gibbons evidenced clinical illness after JEV challenge, 
JE viremia wes detected in 5 of 8 animals.   Two gibbons (S-70, S-71) had 
preexisting JEV and dengue neutralizing (Nt) antibody on day 0, and one 
to one or more dengue serotypes without detectable JEV Nt antibody; 4 of 
these gibbons had viremia.   Thus the presence of JEV or dengue Nt 
antibody in acute sera did not protect against JE viremia.   No attempt 
was made to titer the amount of virus present in viremlc serum. 

Listed in Table 1 are the serological results in preinfection serum 
(day 0) and in a representative convalescent serum (day 21).   The 
serological responses of the 8 gibbons were remarkably uniform and 
were characteristic of the broad serological response seen in secondary 
group B arbovirus infections; all showed diagnostic HAI, CF, and Nt 
antibody titer rises to JEV and to two or nore of the 4 dengue serotypes. 
The JEV HAI titers were significantly high (^ 4-fold) than the highest 
dengue HAI titers in only 2 gibbons (S-92   S-94), and JEV CF and Nt 
titers in all 8 gibbons were equal to or lejs than the highest dengue 
CF and Nt titers.   Thus we could not rehably identify the most recent 
group B Infection as JEV in these dengue-vaccinated gibbons using 
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routine serologlcal tests. 

In an attempt to Improve serologlcal specificity for recent JEV Infection, 
v/e tested for the presence and Immunospecificity of IgM contained in 
acute and convalescent serum.   The acute and convalescent whole serum 
from 2 gibbons was first treated with 2-ME.   As seen in Table 2, the 
HAI titers against Dl-4 and JEV were not reduced after 2-ME treatment. 
Thus IgM antibody could not be detected in whole serums.   Nevertheless 
we suspected that IgM might exist, but was masked by high titered, 
2-ME resistant IgG antibody in whole serum.  Attempts were therefore 
made to isolate IgM and IgG by sucrose density gradient centrifcation 
(S-DGC) of serum specimens. 

Representative S-DGC assay results on a convalescent serum 
(gibbon S-94, day 28) are listed in Table 3.   Fractionation of this 
serum revealed that all of the IgM detectable by radial immunodiffusion 
was concentrated into fractions 4 and 5, whereas IgG was concentrated 
into fractions 7-10, and IgA into fraction 8.   2-ME sensitive HAI antibody, 
limited to fractions 3-5, was found to react with JEV but not dengue 1-4. 
In contrast HAI antibody in fractions 7-12 reacted in high titers with 
both JEV and dengue 1-4 antigens, was resistant to 2-ME treatment, 
and was principally IgG by radial immunodiffusion.   The presence of 
JEV-monospeclfic IgM antibody In the convalescent serum (Taoie 3) and 
the öbsence of such antibody In the acute serum(day 0; not shown) 
provide strong serologlcal confirmation of a recent JEV infection. 

Sera of the 8 test gibbon sera obtained before and after JEV Infection 
were fractionated and the results of these assays are tabulated for IgM 
in Table 4.   Newly produced JEV-monospecific IgM antibody was first 
detected 14 and 21 days after JEV infection in 7 of 8 gibbons; it was not 
detected in any gibbons by day 90. 

The S-DGC fractionation technique permitted us to approximate the 
time of appearance of IgG as well as IgM.  As shown In Table 5, serum 
IgG HAI heterospecitlc antibody appeared coincident with or before IgM 
monospeciflc antibody in all of the gibbons. 

Second JEV Challenge 

Seven gibbons were challenged a second time with JEV 13 months after 
the fl-st JEV inoculation.   The purpose was to determine 1) whether a 
first ]EV infection is associated with prevention or attenuation of a 
second infection as measured by viremia and serolog'cal response and 
2) whether JEV monospeciflc IgM antibody is produced after a second 
JEV challenge. 
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Table 6 records the presence or absence of detectable viremla lohowirj 
the second challenge and the antibody response measured by the three 
standard serological tests.  As noted after the first JEV challenge, none 
of the gibbons displayed clinical illness, 

Viremla was not detected in these rechallenged animals on days 2,3,4, 
and 6 after Infection.   The high-titered JEV Nt antibody induced 13 months 
earlier had fallen to lower tlters by day 0 of the second challenge, but 
in only one gibbon (S-81) had Nt antibody declined to liters of less than 
1:10.   In marked contrast to the antibody response noted after first JEV 
challenge when all gibbons demonstrated titer rises to dengue and JEV 
in the 3 serological tests, only one gibbon (S-51) demonstrated a brcadly 
cross-reactive serological response after second challenge.   Further 
comparison of antibody responses revealed attenuated titer rises with 
depression of titer levels in convalescent sera   following second challenge. 
The blunting of the Immune response was particularly marked against 
the dengue antigens. 

No IgM H/il antibody was found in sera drawn 14,21 & 28 days after 
second challenge. 

Summary,   The response of primates to serial group B arbovirus 
infections was investigated by Inoculating gibbons with live Japanese 
encephalitis virus (JEV) 17 to 21 months after Infection with multiple 
dengue virus serotypes.   Five of 8 gibbons developed detectable JE 
viremla, and all 8 animals had high-titered cross-reactive serum 
antibody titer rises to group B antigens, Indicating JEV replication in 
these dengue-vaccinated gibbons.   The Immunoglobulln response was 
characterized by early production of hlgh-tltered cross-reactive IgG 
antibody, and later production of low-tltered IgM antibody reacting 
monospeciflcally with JEV.   Thirteen months later 7 of these gibbons 
were relnoculated with JEV,   In contrast to the first JEV challenge, no 
viremla was detected and the serological response, including IgM 
antibody production, was partially or completely aborted.   This study 
suggests that prior infection with JEV, but ■ ot dengue, can protect 
gibbons against JEV inoculated more than one year later.   In addition, 
serum IgM antibody induced ty JEV Infection in these gibbons previously 
infected with dengue serotypes is shown to be serologically specific 
for JEV.   Sucrose-density gradient frartlonatlon of serum and measurement 
of IgM antibody may ihus provide a more precise serological procedure 
with which to investigate group B arbovirus Infections in previously 
Infected populations. 
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Table 2.   Effect of 2-mercaptoethanol (2-ME) on the HAI Antibody liters 

in Whole Gibbon Serum, 

Day after 
JEV 
inoc. 

Reciprocal HAI Titer 
Gibbon Denque- 

2-ME^) 
IEV 

C 2-ME 

S-51 

S-94 

0 
21 

0 
21 

<20 
320 

<20-40 
160-320 

<20-20 
320-640 

<20-40 
160-320 

<20 
1280 

<20 
1280 

20 
1280 

<20 
1280 

(1) Serum aliquot treated with buffer, 

(2) Serum aliquot treated with 2-mercaptoethanol. 
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Table 4.   Production and persistence of JEV monospeclfic IgM antibody In 

dengue-vaccinated gibbons following JEV infection. 

Dav after JEV inoculation 
Gibbon 0 7 14 21 28 56 90 

S-36 0(" 0 +(2) + + + 0 
S-51 0 0 0 + + 0 
S-61 0 0 0 + + + 0 
S-70 0 0 0 + + 0 
S-71 0 0 0 + 0 0 
S-81 0 0 + + + 0 
S-92 0 0 0 0 0 0 
S-94 0 0 + + + 0 0 

(1) 0 = IgM JEV -specific antibody not detected in the serum drawn on that day. 

(2) + = IgM JEV-specific antibody detected in the serum drawn on that day. 
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Table 5.   Appearance of IgG and IgM HAI aatlbody in Lhe serum of dengue- 
vaccinated gibbons following JEV Inoculation. 

Gibbon 

S-36 

S-51 

S-61 

S-70 

S-71 

S-81 

S-92 

S-94 

Day Ig first detected 
IgG 

'ay I (i) 

14 

14 

14 

14 

7 

14 

7 

7 

IgM tn 

14 

21 

21 

21 

21 

14 

not detected 

14 

(1) Data obtained from HAI tests of S-DGC fractions of jerum drawn on 
days 0,7,14,21. 

(2) IgG antibody reactive against JEV and Dengue 1-4 antigens. 

(3) IgM data summarized from Table 4. 
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Tttle:     Evaluation of the Antlgenlc Potency of Biken JEV Vaccine In Adults 

Frincipal Investigators:       Howard B, Emery, M.D.* 
Ronald G. Wilson, M.D.* 
Robert Edelman, LTC, MC 
Richard A. Grossman, LTC MC 

Associate Investigator: Debhanom Muangman, M.D. 

* United States Peace Corps Physicians, Thailand. 

Objective: To determine the antlgenlc potency of the killed Japanese 
encephalitis vaccine (Biken purified mouse brain) in a group of young 
adult Peace Corps Volunteers (PCV's) in Thailand. 

Introduction:   The background and experimental design of this collaborative 
study between the U.S. Peace Corps in Thailand and SMRL was covered 
in last year's Annual Report. 

Progress:   Three different lots of vaccine (A,B,C) have now been given 
to 3 groups of volunteers, one lot per group.   The experimental design 
is outlined in Table 1.   Serological tests have been performed on most 
of the serum up to and including the 7-12 week post-booster serum.   The 
results of the HAI and PRNT tests against JEV (Nakayama strain) are 
summarized In Tables 2-5.   The average conversion rate in volunteers 
without detectable JEV antibody in prelmmunlzatlor. serum determined 
4-6 weeks following primary Immunization for tfie 3 vaccine lots was 
20% by HAI and 17% by PRNT,   The total percentage of PCV that had 
converted after 3 Immunizations, including booster, was 31% by HAI and 
22% by PRNT. 

The results Indicate that this killed JEV vaccine lacks antlgenlc potency 
In American adults. 

A question can be raised concerning the sensitivity of the serological 
tests used to measure serum antibody.   An Insensitive test would naturally 
lead to the conclusion that the vaccine lacked antlgenlc potency.   An 
attempt was therefore made to determine the ability of the HAI and PRNT 
to measure antibody In serum obtained from 3 Individuals with primary 
inapparent JEV Infections.   The serum donors were 3 healthy Chlangmal 
Valley villagers who had no serological evidence of prior group B 
arbovlrus Infection.   Their lack of prior exposure to JEV was confirmed 
by the detection of IgM antibody to JEV In their convalescent phase 
serum.   As seen In Table 6, the HAI and PRNT tlter levels were similar 
In the convalescent serum of all 3 subjects, and It Is clear that the 
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PRNT can detect antibody rises after Inapparent natural infections. 
Moreover titers in 2 individuals are reasonably high {   1:40) using the 
2 scrological tests. 

The collection of 7 month post booster serum Is complete but the 12 
month collection is pending. 

Mouse Potency Test. 

The antigenir potency of the Biken vaccine (lot B & C) was measured 
further by a standard mouse potency test.   The Japanese NIH method was 
employed.   Groups of mice were Inoculated IP every other day for a total 
of 4 injections with serial dilutions of vaccine.   Seven days after the 
last inoculation of vaccine, the mice were challenged intracerebrally with 
JEV (strain BKM-984-70), 150-200 mouse LD    / .03 ml/mouse.   Control 
groups of mice given I.P. saline were similarly challenged.   The 
standard dose of vaccine affording 50% survival (the minimal Immunizing 
dose (MID)) should be 0.02 cc of vaccine or less.   This dose Is nearly 
equal to the 1/32 dilution of vaccine used in this test.   The results 
revealed that the MID for vaccine lots B & C were both 0.0625 cc which 
corresponds to a vaccine dilution   " i/8.   Thus two lots of Blken vaccine 
used in th's study are but 1/3 to 1/4 the minimal acceptable potency for 
a JEV vaccine.   If the 7 and 12 month antibody titers show no striking 
improvement over the low conversion rate in earlier sera, then the vaccine 
tested may not bo suitable for use In American adults. 
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Table 1.   Experimental Design Blken Vaccine Potency Test In PCV. 

Immunization Bleeding Time fpllowing onset Vaccine lot 

1st dose acute 0 days A,B,C 

2nd dose 7 days A#BtC 

Booster dose 
o 

Post 1   Immu ilzatlon     3-6 weeks A,B#C 

Post booster 7-12 weeks AfB#C 

Post booster 7 months A#C 

Post booster 12 months C 

Table 2.   Blken JEV Vaccine Study:  HAI Test Results after primary 

Immunization. 

PCV 
group 

Vaccine 
Np, studied Np. convertedx % converted 

00-32 A 107 18 17 

33 B 11 1 10 

34-35 C 91 23 25 

Totals        209 42 

x Acute serum tlter = <l:10 

Convalescent serum tlter = >1:20 (3-6 weeks) 

20% 
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Table 3.   Blken JEVVacclne Study:  PRNT Results after Primary Immunization 

PCV Vaccine (*) 
qrpup Igt No. studle«.1 No, converted % converted 

00-32 A 57 9 15 

33 B 11 2 20 

34* C 40 7 15 

Totals        108 18 17% 

(x)  Acute serum = <1:10 

Convalescent serum titer = >1:10 (3-6 weeks) 

*  Group 3 5 sera not yet titered 

Table 4.   Biken JEV Vaccine Study: HAI Test Results after Booster 

Immunization, 

PCV Vaccine 
lot No. studit 1 Np, convertec M % converted 

00-32 A 50 13 26 

33 B 11 1 10 

34-35 C 

Totals 

81 

142 

31 38 

45 31% 

Cx)  Acute serum titer = <1:10 

Convalescent serum titer = >1:20 (7-12 weeks) 
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Table 5.   lUk«n JEV Vaccine Study: PRNT Results after Booster Immunization 

PCV Vaccine M qroup lot No. studied No, converted % converted 

00-32 A 31 5 16 

33 B 11 3 30 

34* C 39 10 24 

Totals 81 18 

(K)  Acute serum titer = <1:10 

Convalescent serum titer = >1:10 (7-12 weeks} 

*  Group 35 sera not yet titered 

22% 

Table 6.   Serological Tfest In Primary* Inapparent JEV Infection 

Villager Serum no. Date 

Reciprocal Antibody 
titer vs JEV 
HAI              PRNT 

JE-C-6C 44586 
46037 

9 June 70 
14 August 70 

0X 

80 
ox 

60 

JE-L-12I 44709 
44710 

11 June 70 
23 June 70 

0 
40 

0 
20 

JE-L-lla 44762 
44763 

15 June 70 
29 June 70 

0 
80 

0 
105 

* Primary infection confirmed by detection of IgM HAI Antibody to JEV in 

the convalescent phase serum. 

x 0 =<1:10 
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Isolation of Ingwavuma Virus and Study of Ingwavuma Antibody Prevalence 

In the Chiangmai Valley 

Principal Investigators:        Franklin H. Top, Jr., LTC MC 
Cholticha Kraivapan 
Robert Edelman, LTC MC 
Douglas J. Gould, Ph. D. 
Richard A. Grossman, LTC MC 

Purpose:    To deii e the role of Ingwavuma virus In Infection of man and 
animals in the Chiangmai Valley. 

Background:   A virus (BKM 705-70) was isolated from a pool of 10 Culex 
vishnui mosquitoes aspiratnd from a pig in the Chiangmai Vallf on 
11 May 1970.   The virus was Identified as a member of the Simbu group 
of arbcviruses, Ingwavuma virus by the Department of Virus Diseases 
WRAIR, and Dr. Robert E. Shope, Yale Arbovirus Research Unit.   This 
strain represents the first isolation of a Simbu group virus in Thailand 
and the first isolation of Ingwavuma virus from a possible Insect vector. 
Little Is known of the role of Simbu group arboviruses and specifically 
Ingwavuma virus in human infection and disease.   Further, potential 
vertebrate hosts of Ingwavuma virus, previously Isolated only from birds 
In South Africa, India, and Egypt, remain unidentified.   The Isolation 
of Ingwavuma virus during the JEV study in the Chiangmai Valley during 
which sequential bleedings of Chiangmai villagers and schoolchildren 
and random bleedings from domestic animals were obtained, permitted 
a retrospective search for Ingwavuma antibody in human and domestic 
animals in the valley. 

This report describes the establishment and validity of a macro and 
micro plague reduction neutralization test (PRNT) for Ingwavuma 
antibody and describes the prevalence of Ingwavuma antibody in the 
Valley based upon the micro-PRNT. 

Methods:   Technique for Isolation of viruses from mosquito pools has 
been described in the 1971 Annual Report.   Technique for Ingv/avuma 
macro and micro PRNT are identical to those described for JEV PRNTs 
In the 1971 Annual Report.   LLC-MK-2 cells were utilized in both tests. 
In order to test the validity of a micro-PRNT as an antibody assay, 2 
rabbit hyperimmune Ingwavuma antlsera were assayed by the micro-PRNT 
and standard macro-PRNT.   Serum A was undiluted BKM 705-70 antlserum 
and serum B an unknown dilution of serum A.   Both sera were diluted to 
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1:10 and heated at 56 C for 30 minutes prior tc use.   Serial 2-fold dilutions 
of serum A and B were made for both tests.   Three replicate bottles were 
used for each serum dilution and the virus control in the macro-PRNT. 
Six replicate wells were used for each serum dilution and the virus control 
in the micio-PRNT. 

In both tests, the arithmetic mean of the 6 (micro) wells or 3 (macro) 
bottles of control virus was used to calculate the percentage reduction 
for each individual well or bottle in a test.   The serum dilutions used were 
transformed to logarithms and the percent plague reduction to corresponding 
probit values.   The 50% effective dose (ED^Q, serum dilution which 
caused a 50% reduction In the number of plagues); 95% confidence limits 
of the ED^g; relative potency (RP) of serum In each of the two PRNT tests; 
and the 95% confidence limits of the RP were calculated by the method 
for a parallel line, graded response bloassay. 

Human sera were collected from 4 study villages   and an urban Chlangmal 
school during November 1970.   Sera from chickens, ducks, cattle, 
buffaloes, pigs, and dogs from the 4 study villages was collected In 
November or July 1970.   All human and animal sera tested were diluted 
to 1:10 and heated at 56'C for 30 minutes.   A 1:20 dilution of serum was 
used to screen for Ingwavuma antibody In the micro-PRNT. 

Progress:   In addition to BKM 705-70, 10 additional pools of 4 mosquito 
species (Culexvlshnul, fuscocephala, trltaeniorhvnchus. and Aedes 
llnncatopennls) yielded Slmbu group agents (which have not yet been 
tested for identity to Ingwavuma virus).   All 10 pools were obtained 
from biting collections on cattle and buffalo at San Sae obtained on 
22 May 1970.   Since both unengorged and engorged mosquitoes were 
contained in these pools, these Isolations may have contained 
engorged mosquitoes which fed on the same vlremlc host.   No evidence 
of a possible vector role for these 4 species was thus obtained.   The 
virus was relsolated from positive pools of all 4 mosquito species. 

In order to utilize a micro-PRNT as an antibody assay In seroepldemlologic 
studies subsequently described. It was Important to determine whether 
this assay measured Ingwavuma antibody similarly to the standard 
macro-PRNT.   Therefore a standard undiluted hyperimmune rabbit 
Ingwavuma antlserum (serum A) and an unknown dilution of this antiserum 
(serum B) were used as described In methods section to compare the 
similarity of both tests In measuring antibody.   Results of these tests 
are shown in Table 1 (serum A) and Table 2 (serum B).   In both tests 
using both sera, at least 4 responses were obtained between 15-85% 
plague reduction and plague reduction responses bracketed 50% plague 
reduction.   Control plague counts averaged 32 In the macro and 15 in the 
micro-PRNT. 
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Statistical analysis of these tests by the method for a parallel line, 
graded response bioassay are shown in Table 3.   With serum A, the mean 
probit response and regression lines (Y Intercepts) are in close agreement, 
and the neutralizing slopes of both tests were parallel.   The relative 
potency of serum A (89%) is close to the expected 100%.   Since the error 
variance in this comparison is quite small resulting in narrow confidence 
limits, the 95% confidence limits of the relative potency do not overlap 
100%.   The ED50 of serum A was 501 by macro-PR      and 564 by micro-PRNT. 
From a biologic standpoint this difference is small, and only because of 
small error variance of the test and the closeness of the mean probit 
responsej; to 5 it is a significant difference. 

With serum B, the mean probit responses and regression lines are in 
close agreement and the neutralization slopes of both tests nearly 
parallel.   The 95% cciifidence limits of the relative potency clearly 
overlap 100% and the ED,-Q of serum B by both tests remarkably close. 

Neutralization slopes of the 2 sera by both PRNT tests are illustrated 
in figures 1 and 2.   In both figures the mean points at each dilution are 
quite cloae to the estimated regression line, evidence of the small error 
in these tests.   The closeness of the mean plague reajctlon points of 
each PRNT for each serum indicate a similar slope of neutralization for 
each test and are compatible with the hypothesis that both tests are 
measuring identical antibodies in the same sera. 

These results indicated that the micro-PRNT indeed will reproduce 
virtually identical results to the standard macro-PRNT test, providing 
at least M plagues are obtained in the control wells, at least 3 responses 
are obtained between 15-85% plague reduction, and the responses 
bracket 50% plague reduction. 

Sera were initially tested at a 1:20 dilution In the micro-PRNT.   Sera 
showing equal or greater than 50% plague r^ auction were considered to 
contain antibody to Ingwavuma virus.   Reprbjentatlve positive sera were 
further examined for antibody tlters. 

The results of testing serum obtained from 490 residents of the Chiangmai 
Valley in November 1970 (6 months after the initial Isolation of the virus) 
is shown In Table 4.   None of the 490 Inhabitants tested possessed 
Ingwavuma antibody at a 1:20 serum dilution. 

The prevalence of Ingwavuma antibody In various domestic animal 
species indigenous to the 4 valley villages studied Is shown In Table 5. 
The prevalence of antibody In cattle, water buffalo, chickens and ducks 
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was 'ow.   Further, the titers In animals considered positive (equal or 
greater than 50% plague reduction) did not equal 1:40 in tho 2 cattle, 
4 buffaloes, 3 chickens, or 4 ducks tested. 

In contrast, the prevalence of Ingwa^uma antibody in dogs and pigs in 
the 4 study villages was higher.   Most of the dog and pig sera found 
positive for antibody gave 100% plag je reduction at the 1:20 screening 
dilution.   Representative sera from 11 dogs and 16 pigs all showed antibody 
titers of >1:I60 upon further testing. 

Sequential bleedings o*   .otnestlc animals In the Chlangmai Valley was 
not reproduclbly acco n,' Ished during the 1970 study; consequently 
serum from serologlc-   / positive Jomestlc animals obtained prior to 
November 1970 was not availawe to test.   Thus It Is not known whether 
some of these animals developed Ingwavuma antibody during 1970 when 
the virus war Isolated In the Valley. 

To measure the force of JEV infection in the Valley during the 1970 
season, rantinel pigs (which lacked antibody to JEV) were purchased 
from farms in Nakorn Panom and Saraburi and placed in the four study 
villages.   Four of th^se sentinel pigs bled after re  i'ience In tho Valley 
were found to have Ingwavuma antibody In sera obtained in Movembor 1970. 
Serum obtained In April 1970 (one pig) and July 1970 (3 pigs) was tested 
for Ingwavuma antibody to determine If Ingwavuma Infection occurred 
while these animals were quartered in Chlangmai Valley.   All  1 .Tenlinel 
pigs had Ingwavuma antibody In sera botalned before shipment to the 
Valley, 

These findings for Ingwavuma vims in Thailand are similar to those 
found for other arbovlruses of the Slmbu group.    Many of these viruses 
have been Isolated from Culex species, and antibody prevalence 
studies have shown that large domestic animals (cattle, goats, or pigs) 
are Important hosts.   With most Simhu group viruses, man appears to 
be a rare and probably Incidental host.   We found no evidence of human 
Ingwavuma Infection In Chlangmai Valley. 
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Table 3.  Summary of Ingwavuma virus PRNT analysis comparison of 

macro-with mlcro-PRNT 

Serum A Serum B 
Mapro Micro Macro Micro 

Dilutions Used 

Mean Problt Response 

Parallelism Validity 

Curvature Validity 

Error Variance 

Combined Slope 

Y Intercept 

Relative Potency (%) 

95% CL Rel. Potency (%) 

EDC '50 

95% CL ED 

160-1280       160-1280       80-640 

5.08 5.18 4.93 

Valid 

Valid 

.039 

-1.8248 

9.927    10.021 

89 

86-92 

501 564 

80-640 

4.90 

Borderline 

Valid 

.060 

-1.7965 

9.067 9.042 

103 

98-109 

183 178 

50 
486-516 552-567   176-192      173-183 
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Pathogenesls of Dengue Shock Syndrome 

Principal Investigators:    Natth Bhamarapravati, M.D. (Dept. of Pathology, 
Faculty of Medicine) 

Sombodhi Buklchavesa, M.D. (SlriraJ Hospital) 
Frank J. Dixon, M.D. (Scripps Clinic and Research 

Foundation, La Jolla, California) 
Praslt Futrakul, M.D. (Chulalongkorn Hospital) 
Hans J. Muller-Eberhard (Scripps Clinical Research 

Foundation) 
Suchitra Nimmanitya, M.D. (Children's Hospital) 
Boonchob Pongpanich, M.D. (Ramathibodi Hospital) 
Philip K. Russell, COL MC (WRAIR) 
Stltaya Slrislngha,  D.D.S., Ph.D. (Dept. of 

Microbiology, Faculty of Medicine) 
Franklin H. Top, Jr., LTC MC (SMRL) 
ouchinda Udomsakdl, M.D. (Dept. of Microbiology, 

Faculty of Public Health) 

Purpose:    To determine if dengue shock syndrome is due to Immunopathologic 
processes. 

Background:   Dengue hemorrhaglc fever (DHF) can be defined as a febrile 
Illness due to dengue infection with associated hemorrhaglc manifestations, 
The dengue shock syndrome (DSS) is considered to be a severe form of 
DHF differentiated by shock as manifested by a pulse pressure of less than 
20 mm Hg or a fall In systolic blood pressure below 90 mm Hg. 

The course of a patient with DSS typically conf ists of an early febrile 
phase lasting 3 to 6 days followed by a shock phase of a few hours to 
three days.   The onset of shock Is often preceded by lethargy and abdominal 
pain and is usually abrupt.   Prior to the onset of shock, the hematocrlt rises 
and the concentration of serum proteins falls.   The decreased plasma 
volumn is apparently due to a sudden Increase in vascular permeability 
with resultant loss of plasma from the intravascular compartment.    In 
most cases, early and effective replacement of plasma volume by 
infusion of colloids results in a favorable outcome. 

All 4 dengue serotypes have been associated with DSS.   The presence 
of 2 or more dengue serotypes and rapid dengue transmission In a locality 
appear to be the basic epidemlologic condition? essential to the occurrence 
of DHF and DSS.   Epidemiologie evidence indicates that DSS is associated 
only with secondary dengue infections which result In an anamnestlc 
antibody response with very high titers of effective complement fixing IgG 
antibody appearing early In the course of injection when virus or viral 
antigens may also be present in vivo.    A marked depression of Bl c/a 
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levels has been documented during the shock phase of illness, suggesting 
that the third comconent of complement may be consumed In DSS.   These 
observations lead to the hypothesis that DSS may be immunologically 
mediated  and that physiologically active products produced In vivo from 
activation of the complement system such as the anaphylatoxins, C3a and 
C5a, may be the means by which increased vascular permeability and 
shock are produced. 

To test this hypothesis, a joint study sponsored by the WHO was 
undertaken in Bangkok from Jul-Oct 1971.   Briefly an attempt was made to 
sti'dy at least 20 well characterized patients with DSS for 

1. immunohistochemical evidence of immune complexes in biopsy material 
and peripheral blood leukocytes 

2. circulating immune complexes 

3. immunologically induced consumption, of complement components 

4. evaluation of the coagulation and fibrinolytic systems. 

This report will concentrate principally upon the Virologie data obtained 
at SMRL and the complement data obtained at Scripps Institute.   Data 
obtained from the other collaborating laboratories is not detailed but 
used only to emphasize major findings. 

Methods:   Study patients were diagnosed as having DHF by clinicians; 
patients studied were in shock or felt likely to develop shock,  but some 
non-shock patients were included for comparative purposes.   A standard 
chart for pertinent signs, symptoms, clinical laboratory findings, and 
treatment was instituted and  maintained at each of the 4 hospitals.  At 
the conclusion o* the study, the clinical charts were reviewed and the 
following criteria were used to grade patients studied into 4 groups 
based on severity of Illness. 

Grade I: Fever accompanied by non-specific constitutional symptoms; 
the only hemorrhagic manifestation Is a positive tourniquet test. 

Grade II:   Fever and skin hemorrhage or other bleeding such as epistaxis 
or gingival hemorrhage. 

Grade III:   Circulatory failure manifested by rapid, weak pulse with 
narrowing of pulse pressure (< 20 mm Hg) or hypotension (systolic 
pressure<90 mm Hg). 
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Grade IV:   Moribund patients with undetectable blood pressure or pulse. 

Techniques for viral Isolation, Identification of Isolates, and serobglc 
tests have' been described in previous annual reports.   Viral isolation attempts 
were made on Initial serum samples obtained from all study patients.   In 
hemagglutlnatlon-lnhibltion (HI) tests, antigen prepared from dengue-1 
(Hawaii), dengue-2 (New Guinea C), dengue-3 (H-87), dengue-4 (H-241), 
Japanese encephalitis (Nakayama), and Chikungunya (Ross) viruses was 
used.   Acetone extracted sera were tested against 8 units of antigen.   All 
sera from individual patients were tested simultaneously. 

For immunochemlcal quantitation of complement proteins, the single radial 
immunodiffusion method was used.   Monospecific antiserum to human 
complement proteins (Clq, Cls, 03, C4, 05, 06, 08, 09, and C3 Proactlvator) 
was incorporated at a previously determined, optional concentration into 
1.5% agarose gel, containing isotonlc buffer, pH 8.0 and 0.01M EDTA. 
Seven jul of 3 different test serum dilutions were applied Into 3 mm wells and 
the diameter of the preclpitin rings was measured after 24 hr. at room 
temperature.   Each immunoplate received 5 different  dilutions of a standard 
serum.   The absolute amount of a complement protein in a given test serum 
was determined graphically using an r   vs concentration of complement 
proteins In the standard serum had previously been quantltated in La Jolla 
using highly .purified proteins as reference substances.    Transferrin was 
assayed with reagents made available by Dr. Ursula Muller-Eberhard. 
All assay reagents and the 10 different types of immunoplates were prepared 
in La Jolla.   Oomplement determinations were performed in Bangkok and 
at La Jolla by Dr. Muller-Eberhard and associates. 

Quantitation of the levels of clottab'e flbrlnogen and split products of 
flbrlnogen plus fibrin was done by a radial diffusion method utilizing 
antiserum to flbrlnogen. 

The values injag/ml of the various proteins in the normal serum pool 
used in this study are as follows: 03 1500, 04 400, 05 75, C6 60, 03 
PA 230, transferrin 2500, and flbrlnogen 1720.   These values were quite 
similar to mean serum protein levels determined    in 30 Thai children, and 
were used as normal levels in the following analysis. 

Results:   The original study comprised 94 patients.   Of these, 55 individuals 
who were adequately studied and had isolation or serologic evidence of 
recent dengue virus were selected to form the ?roup of patients upon 
which this report is based.   All patients with grade III and IV disease 
initially studied are included In this analysis.   Five of these patients 
were grade I, 14 grade II, 23 grade in, and 13 grade IV.   Pe^inent signs, 
symptoms, and clinical laboratory findings of these patients are summarized 
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In Table I.   The clinical symptomatology of patients studied were similar 
to those described in previous outbreaks.   Of the 4 major manifestations 
of DHF, fever and hepatomegaly were found consistently in patients of 
all 4 grades of disease.   Hemorrhagic manifestations were found in ah 
grades of disease but Grade I (by definition), but severe bleeding-melena 
and or  hematemesis-was observed only in shock cases.   The last 
manifestation of DHF shock was limited (by definition) to Grade III and IV. 
Hemoconcentration (a high hematocrit falling by at least 20% on recovery) 
was observed in all grades of disease, but most frequently in Grade III 
patients.   The lower incidence of hemoconcentration in Grade IV patients 
probably reflects blood loss from gastrointestinal hemorrhage. 

Patients were considered to have had dengue infections if _4-foH »-ises in 
antibody titer to at least 2 of the group B antigens were found between 
acute and convalescent serum or if convalescent antibody liters to at 
least 2 antigens equalled or exceeded 1:640.   Forty-five of the 55 study 
patients had diagnostic rises in antibody titer consistent with dengue 
infection and an additional 8 had high, fixed titers suggestive of recent 
dengue infection.   Convalescent serum was not obtainable on 2 patients 
who died with symptoms suggestive of DSS. 

An attempt was made to determine what proportion of the children studied 
had primary or secondary dengue infections.   Since most patients were 
studied at least 4 days after the onset of illness, determination of type 
of infection could not be assessed by presence or lack of antibody in 
acute serum, but was assessed in this study by the magnitude of HI 
antibody titers in convalescent serum.   Patients with HI antibody titers 
of >1:640 to at least 2 dengue antigens were considered to have secondary 
infectiotis, while those with convalescent antibody of <1:640 were 
considered to have primary dengue infections.   By these criteria, 51 of 
the 53 patients from whom convalescent serum were tested had secondary 
infections, as shown in Table 2.   The 2 patients with primary infections 
were both infants (6 months of age or less) whose mothers possessed 
dengue HI antibody. 

A dengue virus was isolated from the acute serum spclmen of 9 of the 
55 study patients; 8 isolates were dengue 2 and one Isolate dengue 1.    In 
addition an Isolate of dengue 3 and Isolates of chikungunya virus were 
obtained in 1970 from Bangkok children not Included in the study.   An 
isolation of dengue virus from study patients correlated with time after 
onset of disease the patient was Initially studied (7 of the 9 patients with 
dengue isolates were studied on or before the fourth day of disease) and 
with the dengue 2 HI antibody titer in the serum used for isolation (Table 
3).   Five of the 9 children with dengue isolates had virus present with 
dengue antibody in early serum. 
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One hypothesis that could be tested in the study was whether there was 
a difference in HI antibody response between children with shock and 
children without shock.   Shown in Figure I are logio geometric mean dengue 
2 HI antibody titers and 95% confidence limits by day after onset of 
illness for both categories of patients.   There Is no significant difference 
In HI antibody titer between shock and non-shock patients at any time 
after onset of Illness. 

Since no differences in antibody titers were found between the 2 groups, 
it Is permissible to use HI titers of patients with or without shock In order 
to describe antibody patterns of either group.   Shown In Figure 2 are 
geometric mean dengue 2 HI antibody titers for patients with serum tested 
on day 3 or 4 and day 5 or 6 and day 7 or 8.   Slmllary shown are titers 
for patients with serum tested on day 4 or 5 and day 6 or 7, and day 8 or 
9.   Between 4 to 7 days after onset dengue antibody titers rose geometrically. 
It Is precisely during this time after infection when shock developed in 
the majority of severely ill children In this study. 

Sequential levels of complement components and transferrin on 4 
representative patients are shown in Figure 3, supplied through the 
courtesy of Dr. Muller Eberhard.   Patient #26 (Grade IV) was a 6 month 
old Thai female admitted on the 4th disease day in shock and passing 
melena.   On examination she was unconscious, cyanotic, and unresponsible 
to pain with a pulse exceeding 180/mln, unobtainable blood pressure, 
scattered skin petechlae, and a liver palpable 2 cm below the ROM. 
Initial laboratory findings Included a Hcf if 24%, WBC of 19,300, and 
a platelet count of 27,000/mm3.    Shr k responded to I.V. infusions of 
fluids and blood within 6 hours of admission.   The platelet count remained 
low until the 7th disease day when it rose to 221,000/mm^.      Dengue 2 
virus was Isolated from serum obtaine.   m admission.   Dengue 2 H! 
antibody titer was <1:20 on admission and 1:160  7 days later.   This is 
the only child with a primary dengue infection who developed shock; the 
infant's mother had serum HI antibody to all 4 dengue serotypes.   This 
child exhibited very low 03 and 04 levels and less depressed 03 PA and 
05 levels until the 10th day of disease.   Between day 10 and day 21, a 
recovery of all complement proteins to normal or supranormal levels was 
noted.   Transferrin levels were relatively stable throughout. 

Patient #33 (Grade IV) developed shock while hospitalized on the 6th 
disease day.   Dengue 2 virus was isolated from serum on admission 
(DD4) in which no dengue HI antibody was detectable at 1:20 dilution. 
Dengue antibody at a level of 1:320-1:640 was present on the day of 
shock and rose to between 1:5120-^1:20480   12 days after the onset of 
Illness.   The child recovered from shock on DD9.   On day 5, before 
shock was manifest, 03 and 03PA levels were 70-75% normal, 05 was 
50% normal, and 04 supranormal (150%).   With ons.n of shock 03 and 
04 fell, whereas C3PA was little effected.   Transfeirln remained between 
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80-90% normal throughout the preshock and shock period falling 70% normal 
after shock.     By day 12, values of all complement components were 
approaching normal levels. 

Patient #13 (Grade III) was admitted on the 6th DD with a blood preasure 
of 50/0, cold and clammy skin with occasional petechiae, a Hct of 45%, 
WBC of 20,200, and decreased platelets on smear.   Dengue virus was not 
isolated from her initial serum which contained HI antibody to the 4 dengue 
serotypes at levels of 1:320-1:1280.    A greater than 4-fold rise in antibody 
to all dengue serotypes was demonstrated between acute and convalescent 
serum.     Shock responded to Infusions of plasma within 4 hours of admission. 
This child shows very low C3, C4, and CS levels following the onset of 
shock with C3PA less severely affected.    Transferrin remains between 
80-90% normal with a late rise.     C3, C3PA, and CS levels rose to about 
70% or normal by day 12 when C4 was still markedly low. 

Patient #41 (Grade II) is a 10 year old male admitted on the 4th day of 
illness with fever, anorexia, and abdominal pain.    On admission, he had 
scattered petechiae, a liver palpable 3 cm below the ROM, and a Hct of 
50%.   Three days later his Hct was 40%, WBC 4,150, and platelet count 
14,000/mmJ.    No evidence of shock or further bleeding manifestations 
developed during his hospltnlizatlon.   Dengue virus was not isolated 
from serum obtained on the 6th disease day which had HI antibody to all 
dengue serotypes at levels greater than 1:20,480.   The pattern of complement 
protein changes was mildly abnonnal with C3, 04, C5, C3PA, and 
transferrin initially being ^0-90% of normal on admission; by day 10 all 
values fell within 84-153% of normal. 

Table 4 shows the proportion of shock patients with greater than 50% 
reduction in the complement proteins C3, C4, 05 and C3PA and transferrin 
on days after onset of shock.    Between 60-82% of shock patients had 
significant C3 reduction on the day of or 2 days after onset of shock. 
On the other hand, 50% reduction in the non-complement protein transferrin 
were uncommon in shock patients, suggesting that reductions in C3 were 
due to consumption rather than inhibition of synthesis or extravasation 
from the vascular compartment.   Significant depression of 05 and 04 
levels were evident in 30-50% of shock patients and of 03PA levels in 
15-30% of shock patients during the shock or immediate post shock period. 
In more convalescent samples obtained 6 days after the onset of shock, 
no patients had greater than 50% reductions of 03, 05, or 03PA, but about 
25% of patients st'll had 04 reduction.   Thus significant depression of 
serum complement protein levels in DSS patients was temporarily related 
to the shock or Immediate post shock phase of illness. 

Table 5 shows the proportion of patients with greater than 33% reductions 
in various blood proteins and platelets on the day of onset of shock and 
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2 subsequent days in patients developing or not developing shock.   Of 
shock patients, 100% showed depression of C3, 89% of C5, 77% of 
flbrinogen, 72% of C4, .and 67% of C3PA.   However, 56% of shock patients 
showed similar reductions of transferrln levels.   Consequently, depression 
of complement proteins or flbrinogen rt this level may be caused by 
mechanisms other than speclf'c consumption - I.e. by failure of synthesis 
or by extravasation of these proteins fron the vascular space across 
endothelium of Increased permeability. 

Table 6 shows the proportion of patients with greater than 50% reductions 
of the same blood components.   At this level, relatively few shock patients 
(11%) had depressed transferrln concentratio is; thus greater than 50% 
depression of complement proteins were likelv to reflect specific consumption. 
Of shock patients, 89% had depressed C3, 51% depressed 05, 58% depressed 
C4, and 33% depressed 03PA concentrations in serum obtained on the day 
of or 2 days subsequent to shock.   Although 44% of children not developing 
shock had depressed 03 levels,, significant depression of 05, C4, and 
03PA were unusual in these patients with clinically milder Illness. 

Discussion:   The primary question posed in this study was whether the 
shock syndrome accompanying dengue was due to underlying Immuno- 
oathological processes.   All but 2 of the study patients had secondary 
dengue Infections which are characterizeo )y an early (4-5 days after 
onset of Illness) and geometric rise in dengue antibody.   The 2 exceptions 
were infants who may well have had circulating maternally acquired 
dengue antibody at the time of infection.   Thus antibody was present at 
infection or mobilized early In Infection in these patients at a time 
when dengue virus or nMn-Infectious viral antigens may be present.   The 
presence of dengue virus in serum containing detectable quantities of 
reactive antibody was shown In 5 of the 9 viremic patients and fulfills 
in vivo conditions for immunocomplex formation in thsse patients. 
Attempts to demonstrate circulating Immunocomplexes by precipitation 
with C lq and monoclonal Rheumatoid factor were made in this study; 
the specificity of precipitins found as immune complexes remains 
questionable and must be sought by more specific and sensitive techniques 
in future studies.   The vlrologic data however provide reasonable 
circumstantial evidence for the formation of Immune complexes in this 
disease.   It seems likely that these Immun' complexes could fix 
complement in vivo. 

Significant depression of complement components during or shortly after 
the shock phase were evident in all shock patients studied.   Greater 
than 1/3 reductions in C3 were found in all patients and similar 
reductions in 05, C4, and 03 PA were found in 67-89% of children with 
DSS.   However since similar depression ol transferrln, a non-complement 
protein not consumed in Immunologie reactions, was found in over 50% of 
such patients, a 1/3 depression in complement protein concentration may 



not necessarily raflect immunologic consumption   in these patients.   Only 
a small proportion of shock patients (11%) had greater than 50% depression 
of transferrin levels during shock; thus a 50% reduction of complement 
proteins wo.Id suggest specific   immunologic activation of the complement 
system.   Sii'ce 89% of shock cases had 50% depression in C3 levels and 
over 50% hao similar depression in C4 and C5 levels, specific activation 
nad consumption of these complement proteins is likely in DSS patients. 
Significant depression of complement proteins was found generally only 
in the immediate shock phase of disease and was uncommon 3 or more 
days after the onset of shock.   A much smaller proportion of non-shock 
patients had 50% depression of individual complement proteins than shock 
patients, suggesting a correlation between shock and depressed complement 
concentrations. 

Several other points accrue from the complement data.   First, most shock 
patients showed depressed C4 and C3PA levels, suggesting that the 
complement system was activated in vivo through both of the 2 known 
mechanisms - classical (involving the Cl proteins and C4 and C2) and 
through the recently described C3PA system.   Secondly, almost all 
shock patients had evidence of specific consumption of C3 and C5. 
Specific actibntlon of C3 and C5 implies the enzymatic liberation in vivo 
of 2 biologically active anaphylatoxins, C3a and C5a, which are the 
most potent mediators of increased vascular permeability known.   Data 
from this study suggests that the increased vascular permeability 
responsible for shock in these DSS patients could be mediated by theia 
anaphylatoxins released as a result of Jn vivo immunologlcal activation 
of the complement system. 

Further studies will be required to test this hypothesis.   Indeed studies 
to determine the decay of radioactively labelled C3 in DSS patients, to 
determine If C3a and C5a can be detected in shock phase serum, to 
determine the role of serum inhibitors of activated complement components 
(such as C3a and G5a) are planned in the coming year. 
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Table 1,   Summary of clinical signs and laboratory Undings in 55 study 

patients 

Findings  Severity of Illness  
Grade 1(5)     Grade II (14)     Grade III (23)     Grade IV (13) 
 Ik 21 % % 

Fever 100 100 100                        100 

Hepatomegaly(2-5cm) 100 (4/4) 91 (10/11) 100 (20/20) 100(13/13) 

Positive tourniquet test 50(1/2) 92(11/12) 84(16/19)      62(5/8) 

Platelet count 

<50,000/mmJ 60 (3/5) 54 (7/13) 85 (17/20) 92 (12/13) 

Petechiae                               0 100 (12/12) 52 (12/23) 69 (9/13) 

Epista>ls                                 0 0 17 (4/23)          8 (1/13) 

Hematemesis/melena            0 0 13 (3/23) 69 (9/13) 

HemoconcentraUon 60 (3/5) 71 (10/14) 91 (21/23) 69 (9/23) 

£20% Increased hematocrit) 
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Table 3.   Dengue Isolation In Relationship to Initial Dengue 2 HI Titer 

in DHF Patients 

Denqqe 2 HJ Ti^r No, of Patients No. with Isolates 

<.80 16 9 (56%) 

>160 39 0 

b43 



Table 4.   Proportion of Shock Patients with >50% Reduction in Indicated 
( 

Sen im Protein on Day after Onset of Shock 

t 

Day after onset 
of shock 

% with 50% reduction in indicated serum orotein 
No. 
Studied 

C3 C,          C4          C^PA TRin§femn 

0 27 17(63%) 11(41%)  10(37%)   6(22%) 2 (7%) 

1 34 28 (82%) 10(29%)   17(50%) 10(29%) 3 (9%) 

2 2/ 16 (59%) 8(30%)  11(41%)    4(15%) 0 (0%) 

3 24 6 (25%) 1(4%)      6(25%)    4(17%) 0 (0%) 

4 21 1 (5%) 0(0%)      4(19%)    2(10%) 0 (%) 

>6 17 0 (ü%) 0(0%)      4(24%)    0(0%) 0 (%) 

Normal levels of serum proteins used for analysis 

C3 1500 ug/ml. C3PA             230 ug/ml. 
c^ 75 ug/ml. Transferrln 2500 ug/ml. 
C4 

400 ug/ml. 
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Table 5.   Propcrtiun of Patients with >33% reduction In Indicated blood 

constituent on day of onset of shock or the 2 subsequent days 

Serum Protein 
(or platelets) 

Patients with shock 
No. Studied       No. with 33% 

KSductiqn (%) 

Patients without shock* 
No. Studied        No. with 33% 

reduction (%) 

C3 36 36(100%) 18 14(78%) 

C5 35 31(89%) 18 9(50%) 

c, 36 26(72%) 18 9(50%) 

G3PA 36 24(67%) 18 2(11%) 

C6 v 21(60%) 18 1(6%) 

Transtem: ih 20(56%) 18 3(17%) 

Ftbrtnoaei J5 27(77%) 16 3(19%) 

Platelets JJ 28(90%) 12 9(75%) 

Normax levels of blood constituents used for analysis 

,3 1500 ug/mi 
75 ug/mi 

G" 400 ug/mi 
^ PA     230 ug/ml 

Cg 75 ug/ml 
Transferrln 2500 ug/ml 
Fibrinoger. 1720 ug/ml . 
Platelets 100,000/mm 

Disease day b,b, or 7 or disease day 6, 7, and 8 in patients admitted 

after disease day 5. 
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Table 6.   Proportion of Patients with >S0% reduction In Indicated blood 

constituent on day of onset of shock or the 2 subsequent days 

Patients with Shock Patients without Shock* 
Serum Protein 
(or Dlatelets) 

No. Stu^i^ci No. with 50% 
Re^Wtten {%) 

NQtftud&L No. with 50% 
Reduction (%) 

C3 36 32 (89%) 18 8 (44%) 

C5 
35 18 (51%) 18 1 (6%) 

C4 
36 21 (58%) 18 1(6%) 

c3 PA 36 12 (33%) 18 0 (0%) 

C6 35 7 (20%) 18 0(0%) 

Transferrin 36 4(11%) 18 0 (0%) 

Flbrlnogen 35 10 (29%) 16 0 (0%) 

Platelets 31 28 (90%) 12 7 (58%) 

Normal levels of blood constituents used for analysis 

C. 1500 ug/ml. 
Cg 75 ug/ml. 
C4 400 ug/ml. 
C3PA 230 ug/ml. 

C, 75 ug/ml 
Transferrin 2500 ug/ml 
Flbrlnogen 1720 ug/ml 
Platelets 100,000/mm2 

* Disease day 5,6, and 7 or Disease day 6,7, and 8 in patients admitted 

after disease day 5. 
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Isolation of dengue virus from dengue hetnorrhagic fever patients 

Principal investigators:     Franklin H. Top, Jr., LTC, MC 
Pairatana Gunakasem, M.D. 
Debhanom Muangtnan, M.D., Dr. P.H. 
Suchitra Nimmanitya, M.D. 

Associate investigators:    Jiraporn Supavadee,   B.S. 
Morakot Tunticharoen, B.S. 
Suwanna Vlthinomsat, B.S. 
Phuangthong Phiungkeo, R.N. 

Purpose:   To Increase the efficiency of isolation of dengue viruses from 
patients with dengue hemorrhaglc fever (DHF) 

Background:   This Laboratory's standard method of isolating dengue viruses 
from patients uses serum inoculated into MK-2 cells in the direct and 
delayed plaque system.  Although this procedure permits isolation of dengue 
viruses from 0-50% of patients with primary dengue Infections and from 
a similar proportion of patients with secondary infections sampled before 
the fifth day of disease, isolation rates from children with DHF approximate 
15% (see previous section).   Future studies of the role of specific dengue 
antigens and antibodies in the pathogenesis of DHF and DSS are likely to 
be critically dependent upon identification of the dengue serotype currently 
infecting the patient.   Such identification is not currently possible by 
serologic means, but can only be accomplished by isolation of the agent. 
Thus we elected to study patients with DHF to see if a number of different 
isolation techniques might increase isolation efficiency In these patients 
who are often admitted late in the course of their infection with high dengue 
antibody titers. 

I.    Attempts to Isolate dengue and chlkungunya viruses from throat swabs 
of children with dengue fever. 

Children with DHF have early and rapid rises in serum IgG antibodies to 
dengue which may result in in vivo neutralization of circulating virus. 
Neutralization of viruses in respiratory tract secretions appears dependent 
upon locally formed IgA rather than IgG antibody.   Although the kinetics 
of local IgA dengue antibody rises in secondary dengue Infections Is 
unknown, we hypothesized that it likely was slower than serum IgG 
antibody rises and that iengue virus, if present in the nasopharynx, 
might be still unneutralized when it could no longer be detected in serum. 

Ten patients presenting to the outpatient department of Children's 
Hospital with fevers of unknown origin and shown retrospectively to 
have serologic evidence of dengue or chlkungunya Infection were studied. 
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Throat swab and serum were obtained from each patient and were inoculated 
onto MK-2 monolayers in the direct and delayed plaque system.   Viruses 
were isolated from serum of 5 patients (3-dengue 2, 1-dengue 1 and 
chikungunya) but were not isolated from throat washings of any patient. 

II.   Dengue Isolation attempts from serum or plasma of DHF patients. 

Studied were 57 patients admitted to Children' s Hospital with a diagnosis 
of DHF.   Serum was drawn on admission ar . on discharge for dengue HI 
antibody determinations.   Serum (0.3 ml) was also obtained on admission 
and on discharge for dengue HI antibody determinations.   Serum (0.3 ml) 
obtained on admission was inoculated freshly onto MK-2 monolayer for 
Isolation by the direct and delayed plaque method.   Plasma was prepared 
from heparinized blood (lOO^jg/ml).   Adult female Aedes aegypti mosquitoes, 
obtained from the Department of Medical Entomology, were inoculated 
intrathorarlcally with needles dipped in freshly obtained heparinized 
blood.   Additionally^ aegypti mosquitoes were allowed to feed on fresh 
heparinized blood from patients through a Baudrache membrane and 
engorged mosquitoes were collected.   Fifteen mosquitoes of each group 
were kept in the insectary for 14 days when they were triturated and tested 
for virus by the direct and delayed plaque method using MK-2 cells.   An 
additional volume of plasma was allowed to settle for 3 hours in the 
refrigerator or centrlfuged at 600 RPM in an International Centrifuge for 
3 minutes.   The top layer containing WBC and platelets was collected. 
The remaining specimen was centrlfuged at 5,000 or 10,000 RPM for 3 
minutes and the remaining plasma collected.   WBC and platelet counts 
were performed on the 2 plasma samples and then 0.3 ml volumes were 
Inoculated onto monolayers of MK-2 and Aedes alboplctus cells 
(Fluid Phase Cultures).   Maintenance medium from these cultures were 
harvested at 7,12, and 14 days after inoculation and titered for virus 
in direct MK-2 plaques. 

At the conclusion of this study, serum stored at -70^ from patients with 
an Isolate by any technique was inoculated onto fluid cultu-es of MK-2 
cells as above,   and centrlfuged plasma samples from these patients 
were inoculated onto MK-2 cells in the direct and delayed plaque system. 

Progress.    Of the 57 patients studied, 33 had serologic evidence of 
recent dengue Infection and are included in the following data.   No 
isolates were obtained from any of the 15 patients without serologic 
evidence of dengue Infection, and one Isolate was obtained from the 9 
patients without convalescent serum samples on whom serologic confirmation 
of infection was not possible. 

Dengue 2 virus was isolated from 6 of the 33 patients with confirmed 
dengue (18%).   A summary of virus isolations by the various techniques 
from these 6 patients is shown in Table 1.   Dengue 2 virus was isolated 
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from plasma samples of all 6 patients Inoculated into MK-2 fluid phase 
cultures.   Virus was isolated from plasma from 3 of 5 of these patients In 
direct and delayed plaques.   It should be noted that centrifuged plasma 
stored at -70* C for 3 months was used in this latter test.   (Fresh 
centrifuged plasma Inoculated into fluid phase cultures in these 5 patients 
yielded 4 isolates in fluid phase cultures).   In contrast, fresh serum 
from the 6 patients yielded but 2 dengue strains in the direct and delayed 
MK-2 plaque system, while but one isolate was obtained from the 5 patients 
whose frozen serum was Inoculated into MK-2 fluid phase cultures after 
storage for 3 months.   No dengue isolations were obtained from fresh 
plasma inoculated Into fluid phase cultures of A. alboplctus cells.    One 
of the 6 heparinized bloods yielded dengue 2 virus after intrathoracic 
inoculation and membrane feeding using.Aj aegyptl   mosquitoes. 

Attempts were made to ascertain whether isolations from fresh plasma 
in fluid phase MK-2 cultures correlated with the presence of platelets or 
WBC in plasma.   These results are shown in Table 2.   The centrlfugation 
technique used did not completely separate WBC or platelets from most 
plasma samples.   Virus was recovered from both uncentrifuged and 
centrifuged specimens from 5 patients and only from uncentrifuged plasma 
in one patient.   A correlation of virus recovery and platelet or WBC 
counts in either plasma specimen is not apparent. 

We were initially disappointed that the most efficienl isolation system 
in this study (plasma Into MK-2 cell cultures) yielded an isolation rate 
of 18%, similar to the 15% obtained in the DSS study In which serum- 
MK2 plaques system was used.   Hov/ever, populations sampled in these 
2 studies differed in at least one important aspect.   A much higher 
proportion of patients in the DSS   'udy (29%) had dengue 2 antibody titers 
of >1:80 when studied than patients in this study (6%).   In the DSS study, 
dengue was only isolated from patients' serum with dengue 2 HI antibody 
titers of ,>1:80 (see Table 3 - DSS study, this ret >rt).   In the present 
study, dengue virus was Isolated from the 2 pal      ,s with titers >1:80, 
but also from 4 patients with HI antibody titers ranging from 1:160 or 
1:1280 (Table 3).   Only one of these latter 4 patients had an Isolate 
from serum.   This finding of dengue isolations from heparinized plasma 
containing relatively large quantities of dengue antibody suggests that 
heparinized plasma may be a more efficient sample for Isolation of dengue 
virus from DHF patients.   Reasons for this finding In the small number of 
patients with isolations studied is unclear and will require further 
investigation.  ^ aegyptl mosquitoes or 4. alboplctus   cell cultures 
were not effective isolation systems in this study. 
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Table 3,   Dengue Isolations from plasma •■ MK-2 fluid phase cultures in 

relationship to dengue 2 HI üter in plasma used for isolation. 

Reciprocal Number of patients 
denque 2 HI titer Number <# paftents studied with isplatf»? 

<20 1 1* 
40 0 0 
80 1 1 

160 2 1 
320 5 2* 
640 4 0 

1280 6 1 
2560 9 0 
5120 2 0 

10240 1 0 
>20480 2 0 

Total 33 

* includes 1 patient with isolation from serum. 
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Title: Cellular Immunity In Dengue Infections 

Principal Investigators: Varanya Sangpethsong, M.S. 
Robert Edelman, LTC, MC 

Associate Investigators:   Ananda Nisalak, M.D. 
Thomas J. Smith (Deceased) COL,   MO 

Objective:   1)  To develop an in vitro system to measure cell-mediated 
immunity (CMI) 

2}  To determine whether or not CMI to dengue virus appears 
in primates and humans following dengue infection. 

Background: Little is known of the processes which confer Ir.sting and 
effective immunity to arthropod-borne viruses.  Measurement of any single 
parameter of the immunologlcal response, such as Cixculaüng antibody, 
may not correlate with resistance to disease under all circumstances. 
There is increasing evidence that lymphocyte-mediated cellular-immunity 
(CMI) confers protection again&t virus diseases caused by paremyxo, 
herpes« pox and certain oncogenic viruses.  Conversely, in some virus 
infections, it is likely that CMI may actually participate In the pathogenesis 
of illness.  There have been no published studies of the development and 
function of lymphocyte-mediated CMI in arbovlrus infections of man or 
primates.  This project was designed to test for the presence of CMI in 
arbovlrus infections of these hosts using newly-developed in vitro 
techniques. 

Progress; Work on this project started several years ago by COL Thomas 
J. Smith and Dr. Ananda Nisalak, who Introduced the macrophage inhibi- 
tion assay for macrophage inhibition factor (MIF) into this laboratory.  The 
current investigators have attempted to refine this highly-specific test for 
cell-mediated immunity and adapt it to the requirements of the project. 

Briefly the technique is baced on the observation that lymphocytes 
obtained from immunized donors, incubated to vitro with the immunogen 
(antigen) excrete a factor (MIF) which inhibits migration of macrophages 
out of capillary tubes.  In the method employed, peritoneal exudate cells 
from adult guinea pigs are allowed to migrate from capillary tubes onto 
cover slips in small culture (Mackaness) chambers.  MIF Is considered 
present in the culture medium when the measured area of macrophage 
migration in "MIF" medlim is less than 80% of the area measured in the 
presence of Control Media not containing MIF.  Table 1 describes the 4 
media used in each MIF assay. 
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First a .mmber of dlffeient culture media were tested for suitability 
for sustaining migration of guinea pig exudate cells (macrophages) 
from capillary tubes.   The most suitable medium consisted of medium 
199, 0.1% glutamlne, 7% NaHCOß, 10% Inactivated guinea pig serum, 
5% fetal bovine serum, antibiotics, and 5% CO . 

The migration of macrophages obtained from female and male guinea 
pigs was next compared. The area of macrophage outgrowth from the cut 
and of capillary tubes was photographed at 24 & 48 hrs, the photograph 
traced, and the area under the tracing measured wlt'h a planlmeter. The 
average area of cell migration for 7 male guinea pigs was 1.71 cm2 and 
for 7 females, 1.40 cm . Males were therefore selected as macrophage 
donors. 

Next studied was the Inherent error and reproduclbllity of the MIF 
technique.  With the collaboration of LTC R.A. Grossman, Dept. of 
Epidemiology, a statistical evaluation was made of macrophage out- 
growth, looking for possible sources of error.   The design of this ex- 
periment Involved testing macrophages taken from 3 guinea pigs (4 tubes 
per animal), with area measurements made at 24 & 48 hour«.   The data 
was analyzed by the factorial statistical analysis.   Our conclusions were 
1) repeated measurements of the same tracing are fairly precise (±5%). 
2) differences existed between the 3 animals used, although in this 
particular test they were reflected only in differences In the variability 
of the observations on capillary tubes and not of their means.   Variability 
found was principally due to the inclusion of outgrowth patterns which 
were difficult to trace and it was concluded that such tracings should be 
eliminated.   Since occasionally 1 or even 2 of the capillary tubes show 
unexplained irregularly contoured or incomplete outgrowth patterns at 
least 4 tubes per test were required.  3) Tracings at 24 hours were as 
rellnble as tracings at 48 hrs. 

We next attempted to demonstrate release of MIF by lymphocytes 
taken from PPD skin test positive donors.   Lymphocyte purified to >90% 
on glass bead columns, and mixed leukocytes containing 50% lymphocytes 
were incubated with PPD (40 ug/ml) for 3 days.   Two "MIF" madia were 
examined; one was not concentrated, and the second was concentrated 
to 1/5 the original volume on an Amtoon ultrafiltratlon unit and then 
incubated with macrophages in capillary tubes.   Macrophages were 
similarly incubated with concentrated or unconcentrated control media 
(see Table 1 for basic experimental design).   No Inhibition of macrophage 
migration was obterved on several attempts.   Unsuccessful experimental 
variations were attempted:   1) use of killed Mvcobacterium tuberculosis 
instead of PPD, 21 mixing human buffy coat cells with guinea pig macro- 
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phages in the caplllaiy tube and then adding PPD antigen to this culture 
medium, 3) adding lymphocytes and antigen directly to the culture 
medium bathing the capillary tubes.  In addition we incubated strepto- 
kinase-streptodornase (SK-SD) antigen (50 units) with lymphocytes 
(3-5x10   cells/ml) taken from a SK-SD skin test positive donor.   One- 
half of the median was withdrawn everyday, and fresh antigen contain- 
ing medium added.   The medium was pooled, concentrated 5 to 10 fold, 
and incubated together with suitable control media within capillary tubes 
in Mackaness chambers.   On 2 occasions inhibition of migration (25% and 
50%) was noted in the immune lymphocyte and antigen preparations but in 
both experiments one of the 3 control preparations also produced Inhibition 
of migration.  A vhird attempt showed no inhibition of migration by the 
immune or control preparations.   Further attempts to demonstrate release 
of MIF have been indeflrttely postponed. Attention will now focus on 
the less-specific, but technically easier lymphocyte transformation tech- 
nique.   Whatever In vivo CMI technique is finally selected, it must work 
with no more than 10-15 ml whole blood, which is the maximum volume of 
blood that can be drawn from children or primates at any one time. 
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Table 1.   Media used for MIF assay 

Medium LymphQcytes 

1.   "MIF" +* 

2,   Control + 

3.   Control 0 

4.   Control 0 

Culture medium incubated 3 days with; 
Antijen 

+ 

0xx 

+ 

0 

*+ = present In culture medium 
xx 0 = not present In culture medium 
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Infection and Malnutrltlcn: Immune Function in Children with Protein- 

Calorie and Vitamin A Malnutrition. 

Principal Investigators:  Robert Edelman( LTG  MC 
*Satit Sirlsing, D.D.S., Ph.D. 
**Robert M. Suskind, M.D. 

Footnote*  Department of Microbiology, Faculty of Science, Mahidol 
University, Bangkok. 

** Field Director, St. Louis Anemia and Malnutrition Research 
Center (Malan) Faculty of Medicine, Chiangmai University, 
Chtangmal, Thailand. 

Associate Investigator: Anong Parlyanonda, M.S. 

Introduction: This is a collaborative project between SMRL, the Faculty 
of Science, Mahidol University, and the St. Louis Anemia & Malnutrition 
Research Center, Chiangmai, Thailand, 

Background: The broad purpose of this project is to clarify why malnour- 
ished individuals are more susceptible to mlcrobial Infections than well 
nourished persons. In order to elucidate some of the possible mechanisms 
leading to increased susceptibility, we are evaluating the cellular and 
humoral immune abtus of children with protein-calorie malnutrition (PCM). 
Specifically the humoral parameters being investigated are serum and 
naso-pharyngeel immunoglobulin levels, serum levels of complement 
components. Including Clq, Cl8, 03, 04, 05, C6, 08, 09, 03- 
proactlvator, and tctal serum hemolyüc complement activity (O'Hgg). 
The cell-mediated immune (CM!) status of the children is being evaluated 
by measuring the cutaneous response to dlnltrofluorobenzene (DNFB) 
sensitLzatlon and to Monllla and Streptoklnase-streptodomase ($K-SD} 
skin test antigens. 

We anticipate that better understanding of host defense Immune 
mechanisms against mlcrobial infection In healthy. In addition to mal- 
nourished individuals will result from a study of malnourished children. 

Study design: This project Is designed to conform to the diagnostic and 
treatment schedule already In effect at the Anemia and Malnutrition 
Research Center of St. Louis University, Nakom Chiangmai Hospital 
(MALAN), Chiangmai Thailand.  The clinical phase of the study outlined 
below is the responsibility of Dr. Robert M. Suskind, and LTO Robert 
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Edelman, SMRL.  The laboratory phase, which consist principally of 
measuring the levels of Immune components In serum« Is the responsibility 
of Dr. Satit Sirtsing and LTC Edelman. 

All patients admitted to the 14 bed research ward of MAIAN are treated, 
studied for 3 months (84-92 days) and then discharged.   On admission the 
patients are clinically evaluated and scored for the presence of maramus« 
marasmus-kwashiorkor, kwashiorkor according to the modified oriterias 
of McLaren and Gomez (see Table 1).   Children are admitted to the study 
if they have primary malnutrition and weigh more than 3.0 kg. and less 
than 12 kg. 

In addition to this protocol each patient is beinr extensively studied 
in another and larger research protocol directed by Dr. Suskind for blood 
coagulation factors« red cell survival, serum proteins (albumin, globulins, 
ceruloplasmin and copper, TIBC and iron, lipoproteins, glycoproteins, 
retinol binding protein, haptoglobin, hemopexln, blood & urine amino 
acid patterns, serum liplds, erythrocyte & leukocyte enzymes, Australian 
antigen, and electron and light microscopy of liver biopsies. 

At the time of admission each patient is placed in one of 4 dietary 
groups so that approximately equal numbers of marasmic, marasmic- 
kwashiorkor, and kwashiorkor patients comprise each group.   The 4 
groups and their diets are listed in Table 2.  Details of the diet fed 
during the day 1-7 stabilization period are given in Table 3.   The 
stabilization period may be extended \f the patient is not able to tolerate 
the diet given, but this rarely has been necessary.  In addition to the 
diets listed in Tables 2 & 3, large doses of supplemental vitamins and 
minerals are given starting on day 2.   On admission, all patients are 
treated vigorously for infection and for fluid and electrolyte imbalance. 
The large majority of patients have infections on admission. 

Progress A) Cell-mediated immunity 

Contact sensitization to 1-nltro, 2, 4-difluorebenzene (DNFB) is a 
standard method used to test cell-mediated immunity in vivo.   Pre-existing 
sensitization is rare, approximately 95% of normal subjects can be sensi- 
tized to DN^B, and circulating antibodies do not develop from contact 
sensitization. 

The children are sensitized with 2 mg of DNFB in acetone applied 
to the forearm which is then allowed to dry. The site of application was 
protected for 24 hours with an accluslve dressing.  The children are 
tested for sensitization to DNFB by applying 100 ug DNFB in acetone 
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to the opposite forearm 12-14 days after the sensitizing dose was applied. 
Two days after the skin test dose, the inflammatory skin response at the 
test dose site Is graded.  If positive the children are considered immunized. 

A total of 19 patients were exposed to 2 mg DNFB on admission;  Most 
were first skin tested with 100 ug DNFB on day 15 while a few patients 
were 1st tested on day 29 & 44.   Skin tests were repeated at 2 week 
intervals until positive.   The results of the attempt to induce DNFB 
sensitivity in these patients are given in Table 4.  Assuming all children 
were skin test negative on admission.   Only 21% of children had converted 
and were skin test positive when first tested on day 15. An increasing 
percentage of patients converted to positive after day 15, with 100% of 
patients skin test positive by day 56.   The low percentage of positive 
patients on day 15 could be explained by a defective immune response, 
a faulty inflammatory response, or by defects in both of these mechanisms. 
The Increasing percentage of reactors to the skin test dose after day 15 
could be due to improved nutritional status leading in turn to repair of a 
defective effector (antigen recognition & response) limb of CMI or to 
repair of a deficient inflammatory response.  Furthermore repeated skin 
test doses of 100 ug DNFB may have contributed to the gradually increasing 
conversion rate to subsequent skin testing by stimulating the affector 
(lymphocyte sensitizing) limb of CMI.  We therefore designed additional 
experiments to clarify the mechanism of the defective response to DNFB. 
These experiments, most of which are in progress, are described below. 

DNFB is a potent non-specific skin irritant in addition to being a 
contact allergen. Application of a 2 mg dose to the skin of a non- 
Immune results in marked inflammation (erythema and edema) within 
12-72 hours which subsides over 3-5 days. We attempted to measure 
the skin inflammatory respoise to DNFB.  Three groups of non-immune 
patients were first sensitized with 2 mg   DNFB on admission, on days 
15, or on day 56.  The degree of skin inflammaton was graded 2 days 
after DNFB challenge, and the results obtained to date are shown In 
Table 5.   Only 9 of 25 (36%) of those sensitized on admission had an 
inflammatory response consisting of induration and/or vesicle or bleb 
formation, whereas 3 of 3 children sensitized on day 56 had an 
inflammatory response.   Greater than 75% of normal adults can be 
expected to show an Inflammatory response according to a previous 
report.  It therefore appears that in PCM, the inflammatory response may 
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be deficient on admission but Improves coincident with nutritional 
repair.   Further studies are planned to study their inflammatory skin 
responses using the Rebuck skin window technique. 

We attempted to determine when the CMI response can be induced 
by testing 5 patients from each of the 3 treatment groups shown in 
Table 5.   These patients« sensitized for the first time on days 1, 15, 
or 56, were all skin tested with 100 ug DNFB on day 70.   The results 
shown in Table 6 show that none of 4 pts could be sensitized on day 1( 
but 3 of 3 patients could be sensitized on day 56.  The failure to 
sensitize on day 1 strongly suggests that a defect in the CMI response 
exists on day 1.   Because the effector portion of the CMI response 
(Table 7) and the inflammatory response (Table 5} is intact on day 56, 
the failure to respond Implies that a defect existed on day 1 in the 
ability to be Immunologlcally sensitized (affector limb).  Results pending 
(Table 6} will determine whether this defect is repaired by day 15. 

As previously discussed, the 100 ugm skin test doses of DNFB 
repeated while nutritional repair was occurring may have stimulated 
the affector limb of a recovering CMI response and may have thereby 
contributes   .u the rising conversion rates noted in Thble 4.  In order 
to test this possibility the 4 children In Table 6 who were skin test 
negative on day 70 were challenged again; Two were skin tested with 
100 ug DNFB on day 84 and two on day 92.  One child on each of these 
2 retest days converted to skin test positive. Indicating that the skin 
test dose of 100 ugm may Indeed Immunize some nutritionally repaired 
children. 

Between 50 and 90% of healthy individuals can be expected to have 
been naturally sensitized to monllia or streptococcal antigens by the 
age of 6-12 months, and therefore show positive delayed hypersensltlvity 
to intradermal antigenic challenge.  Accordingly in order to test immuno- 
loglcal recall in PCM, patients were Inoculated intradermally on day 1 
with 0.1 ml of monllia (1:100) and streptoklnase-streptodornase (SK-SD) 
(50 units) skin test antigens.   The patients served as their own controls 
In that they were retested when their nutritional status was partially 
(day 29) and completely (day 70) normal.   The results shown In Table 7 
indicate that on admission only 7% and 14% of children were skin test 
positive to monllia and SK-SD, respectively.  By day 70, 70% of the 
children were positive to monllia and 50% were positive to SK-SD.   The 
poor response to antigenic challenge on day 1 can be ascribed either to 
a deficient Inflammatory response (Table 5) or to a defective effector (recall) 
portion of the CMI response.  It is apparent that by day 70, both mechan- 
isms were largely intact.  A study Is in progress to test the CMI effector 
limb Independently of inflammatory response by measuring lymphocyte 
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transformation In vitro in the presence of monllla and SK-SD antigens. 
In addition, 20 pts are being repeatedly skin tested starting on day 70 
in order to determine whether these test antigens can immunize and 
Induce a positive test on rechallenge. 

Total peripheral lymphocyte counts were performed on admission. 
The results, grouped according to clinical diagnosis, show no decrease 
in lymphocyte counts compared to normal and no differences between 7 
maraslmic (x = 6,770 cumm), 9 marasmic-kwashiorkor (ic = 6,178 cumm) 
and 10 kwashiorkor (x = 5,812 cumm) patients.  Thus the Immune defects 
noted in PCM are the results of factors other than a quantitative defi- 
ciency of circulating lymphocytes. 

Further correlations were made between clinical diagnosis 0», m-k, 
k) and the Immune and Inflammatory response on admission.   No clear 
relationship emerged between the clinical state of the patient and their 
inflammatory and immune responses on day 1; the 3 groups appear to be 
equally defective.   The levels of serum complement components (C'lq, 
C'ls, C'3 proactivator, C'S, & C'S) on admission did not correlate with 
the degree of Impairment of inflammation or of CMI.  Finally the effect 
of the 4 protein-calorie diets (table 2) on DNFB skin test responses on day 
15 and 29 was studied; results show no clear differences between the 4 
dietary groups; all diet groups showed nearly equal and gradual improve- 
ment.   It thus appears that the low calorie-low protein diet with vitamin 
and mineral supplements supplies adequate nutrients for physiological 
repair of the DNFB skin test.  Physiological repair with 1 gm protein/Kg 
diet was not invariable; the low serum complement levels for example« 
shown in the next section, rose only with a 4 gram protein/Kg diet, 

B.   Serum Complement and Immunoglobulin. 

Background:  Serum complement plays a major role in mediating inflam- 
mation, chemotaxls, immune cytolysis and phagocytosis of bacteria. 
Complement is Involved in endotoxin metabolism and perhaps in endotoxln 
shock.  Infection, particularly bacterial with endotoxin shock, is a 
common event in PGM; the previous section on CMI function provides 
evidence for defective Inflammatory response.  Thus a study of complement 
in PCM may provide additional clues as to the mechanism mediating 
infections and the many physiological malfunctions noted in malnourished 
individuals.   Our Initial studies have dealt with the "profiles" of serum 
C component levels and the change in these levels following nutritional 
repair.   Dr. H. J. Muller-Eberhardt generously provided the immuno- 
diffusion plates for determining the levels of 9 complement components. 
Duplicate data for C'3 was also obtained using commercial immunoplates 
(Hyland Lab). 

863 

•feMM 



Serum or heparlnlzed plasma was obtained on days 1,8,29, and 84. 
The serum was stored for weeks or months at -20oC and then shipped to 
Bangkok,  All specimens were run with complement standards supplied 
by Dr. Muller-Eberhardt or Hyland Labs. 

Serum immunoglobulin levels were also determined in these serum 
specimens by radial immunodiffuslon using commercial IgA, IgG, IgM 
& IgD plates. 

Progress:    The statistical analysis of data from 20 well-nourished 
control patients and 10 marasmic and 10 Kwashiorkor patients is not 
completely finished.  A narrative summary of the data obtained to date 
follows.  All complement components were depressed on day 1 below 
the mean control levels; some components, such as 0*3 proactivator 
and C'9, measured more than 2 standard deviations below the control 
mean, while otners, such as 0*4 & C'S were within 1 standard deviation 
of the mean.   The C levels began to rise by day 8, with recovery of all 
components by day 29.  The levels for several components on day 29 
were in fact significantly higher than the mean, but fell to normal levels 
by day 84, producing a "rebound" effect.   In general the levels of C on 
day 1 were lower in Kwashiorkor than in marasmic patients.  Evidence is 
accumulating which indicates that the depressed levels of C on admission 
are the result of depressed synthesis rather than of increased consumption 
or loss.  For example, comparisons were made of C levels on days 8 & 
29 in children fed 1 gm protein - 175 calAg diets and those fed 4 gm 
protein - 175 calAg diets.  The C levels did not rise between days 8 
& 29 in children fed the low protein diet« whereas all C components rose 
markedly on the high protein diet.  Complement turnover studies are being 
planned. 

The low tlters of C components measured immunochemically does not 
necessarily reflect Imparted complement biological activity.  Therefore en 
attempt was made to elucidate the biological activity of serum C by titar- 
ing total hemolytlc complement activity (C'Hgg).   In a series of preliminary 
experiments we found that C'HJQ tlters are not lowered by repeated freeze- 
thawing, storage at room temperature (250C) for 6 hours, or addition of 
hepar x or CO2 atmosphere to the storage tubes.  However storage prolonged 
beyond 2-3 weeks, even at -90 C, seems to res it in a gradual loss of 
C'HIJQ titer over time.  Thus the very low 0*1150 tlters we measured in 
children with PCM may have resulted from prolonged storage of their serum 
(1-5 months) before testing. We are now measuring CHg« tlters in serum 
stored less than 2-3 weeks in order to eliminate this possible laboratory 
artifact. 
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Measurement of serum Immunoglobulln ([g) levels has shown that 

on admission IgG & IgM are slightly Increased In those children clinically 
Infected, while IgD and IgA are markedly increased.   In no patient were 
admission Ig levels below those considered normal for Thai children.   The 
IgA & IgD levels tended to fall to normal levels over several weeks.   Plans 
are underway to test the quality rather than the quantity of serum Ig in 
PCM by measuring the immune response to specific antigenlc challenge. 

Summary:   This data emphasizes the disordered CM1 function, inflam- 
matory response, and complement metabolism in PCM.   The data thus 
provides a sound basis for further studies of PCM and Infection. 

' 
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Table 1.   Criteria used to score the clinical nutritional s'.atnr- of each 

PCM patient on admission. 

I. Clinical impression 

II. McLaren's criteria 

Sign Point Score 

1. 
2. 
3. 
4. 
5. 
6. 

Edema 3 
Dermatosis 2 
Edema + Dermatosis 6 
Hair change 1 
Hepatomegaly 1 
Serum albumin (gm/100 ml 

Total serum protein >'gm/100 ml) 
-1.00 -3.25 7 
1.00-1.49 3.25-3.99 6 
1.50-1.99 4.00-4.74 5 
2.(0-2.49 4.75-5.49 4 
2.50-2.99 5,50-6.24 3 
3.00-3.49 6.25-6.99 2 
3.50-3.99 7.00-7.74 1 
>4.00 >7.75 

McLaren's score 

Clinical diaanosis Total point score 

marasmus 
marasmus-kwashiorkor 
kwashlorkor 

0-3 
4-8 
9-15 

III Gomez criteria 

Clinical criteria Measured weight/ 
expected weight 
forage (Thailand) 

Marasmus 
MarasmüS-Kwashiorkor 
Kwashlorkor 
underweight child 

<60% 
<60% 
>60% 
>60% 

Edema 

No 
yes 
yes 
No 
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Table 2.   Dietary groups 

Days following admission 
Group 1-7 8-29 30-70 70-84 

I Stabilization  1 gm protelnAg      4 gm protelnAg      solid food 
100 calorlesAg    175 caloriesAg  ad lib (4gm.l75 cal.) 

II " 4 gm protelnAg 
100 caloriesAg 

III " 1 gm protelnAg 
175 caloriesAg 

IV " 4 gm protelnAg 
175 caloriesAg 

Table 3. Stabilization diet (days 1-7) 

Day Component 

1 IV therapy 

2 & 3 1 gm protein and 25 calAg - if tolerated 

4 & 5 1 gm protein and 50 calAg - If tolerated 

6 & 7 1 gm protein and 100 calAg - If tolerated 
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Table 4.   Contact Sensiüzation to DNFB     in Protein-Calorie Malnourished 
' Children 

Day sWo 
tested^ 

Total 
pts 

Skin resDons« r" 
p<??mve Negative % Converted 

15 19 4 15 21 
29 14 7 7 50 
44 11 8 3 73 
56 8 8 0 100 

1/ Sensitizing dose of 2 mgin DNFB applied to skin on day 1. 

2/ Day 100 ugm skin test dose DNFB applied to skin; skin response 
graded 2 days later. 

3/ Positive  « induration and/or vesicle or bleb 
Negative s no reaction or erythema only. 

Table 5.   Skin Inflammatory Response to 2 mgm DNFB 
Skin response304 

Day tested*   Tofal pts.    pts completed    Positive negative     % Positive 

1 

15 

56 

25 

5 

5 

25 

0 

3 

9 16 36 

100 

*  Skin re -ponse read on day 3,17, and 58 respectively 

xx Negative ■ no reaction or erythema; positive " Induration and/or vesicle 
or bleb formation. 
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Table 6.  Attempt to induce DNFB sensitivity on different days after 
admission 

Day Sensiflz^d* TQ&\ pt?. Pts wmptod 
Skin response3" 
P^ff^ttve         Negative 

1 5 4 0 4 

15 5 0 

56 5 3 3 0 

*  Day sensitizing dose of 2 mgm DNFB applied to skin 

xx Skin test dose of 100 ug DNFB applied on day 70 and read on day 72; 
positive ■ induration and/or vesicle or bleb; negative - no reaction 
or erythema 

Table 7.  Skin Test Response to Monilla and Streptoccocal Antigens 

Anftq^ 
Day* 
tested 

Total no. 
patters 

_SJSin Re?p9nW % 

XX 
Monilia 
(1:100) 

1 
29 
70 

13 
12 
10 

1 
8 
7 

12 
4 
3 

7 
66 
70 

SK-SD*** 
(50 units) 

1 
29 
70 

29 
27 
25 

4 
9 

13 

25 
18 
12 

14 
33 
52 

* Skin test read two days after 0.1 ml antigen Injected intradermally. 

xx Monilla positive test » > 5mm induration and/or vesicle 

xxx Streptokinase-streptodomese positive test = erythema and/or induration. 

875 

mm* 



Isolation and Characterization of Influenza A Viruses from Korat 

Principal Investigators:    Rapln Snltbhan, M.D. 
Prlcha Slngharaj, M.D. 
Franklin H. Top, Jr., M D. 

Background: I>, late February 1972, members of the School of Public Health 
noted and excesi in febrile respiratory disease among Thai Nationals seen In 
their health rHuic in Korat, Thailand.  Although no Increase In URI rates 
were reporter in U.S. military personnel in Thailand in February-March 
1972, attempts were made to determine whether the civilian outbreak was 
associated with influenza virus. 

Methods:  Throat washing (TWS) in Hank's balanced salt solution with 
0.4% bovine plasma albumin and acute serum were obtained from 11 patients 
with febrile URIs.  TWS were frozen and transported to Bangkok on dry Ice. 
Two week convalescent sera were obtained on 4 of the 11 patients origi- 
nally sampled.   ALquots of TWS were Inoculated into the amniotic and 
allantolc cavities of embryonated eggs; fluids were harvested 3 days after 
Inoculation and tested for hemagglutinatlon.  Aliquots of TWS were also 
inoculated into tube cultures of primary Rhesus monkey kidney cells (MKR) 
which were observed for cytopathlc effect (CPE) every other day and tested 
for hemadsorption at 7 and 14 days.  Isolates were characterized in 
hemagglutlnation-inhlbltion (HI) tests using hyperimmune anüsera to 
reference Influenza strains. Acute and convalescent sera from patients 
were treated with receptor-destroying enzyme (RDE) prior to use in HI 
tests with 4 units of A2/HX/68 antigen. 

Progress: Influenza A strains were isolated from TWS of 10 of the 11 
patients sampled; 9 strains were isolated in embryonated eggs and 8 in 
MKR cell cultures.  Strains isolated in MKR cultures showed CPE similar 
to that found with the 1968 Influenza A strains.  Table 1 shows results 
of antigenic analysis of one of the isolates, ^/Karat 305/72, against 
hyperimmu« anüsera to reference Influenza strains.  The 1972 isolate 
is obviously cloaely related by HI test to the 1968 A Influenza strains 
isolated in Hong Kong and Korat.  All 4 patients tested had >4 fold virus 
in HI antibody to A2/HK/I/68 between acute and convalescent sera. 

We conclude that the Influenza A strains Isolated from Korat In 
1972  have similar HA antigens to 1968 strains.  One Isolate (A^Aorat 
305/22) was shipped through WRAIR to the WHO Influenza Reference 
Laboratory, National Center for Disease Control for more detailed anti- 
genic analysis including characterization of its neuraminldase antigen. 
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Table 1.   Antlgenlc analysis of Korat Influenza Isolate by HI Tests 

Antisorum of Reference Strain Homologous Titer Titer to ^/Korat 305/72 

A2/Japan 305/57                                       160 10 

A2/Puerto Rlco/64 160 10 

A2/Korat 1/68 320 320 

A2/Hong Kong 1/68 320 320 
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The Study of Coronavlrus OC43 Infection 

Principal Investigators:    Chanlnthorn Suwongse, M.D. 
Franklin H. Top, Jr., LTC  MC 

Objective: To determine the past Incidence of coronavlrus Infections In 
people living In the tropical environment of Thailand. 

Background: Coronavlruses are a newly described group of RNA viruses 
Isolated from patients with upper respiratory tract Illness.  At present, 
at least 3 distinct strains of coronavlruses have been Isolated - "814. 
229E, and NIH O.C. (organ culture) atrains.  Strain B814 was Isolated 
and has only been grown In human embryonic tracheal organ cultures. 
Strain 229E was Isolated In human cell cultures and can be grown In 
various human derived cell lines.  The NIH O.C. viruses (OC38, OC43), 
originally isolated In human organ culture, have been successfully 
adapted to grow In suckling mouse brain. Although the antlgenic 
characteristics of these 3 prototype viruses are not completely described, 
strains 229E and OC43 appear to be antigenlcally distinct. 

Coronavlruses produce upper respiratory disease as ahown by studies 
in England and the United States.  Infections tend to occur In autumn 
and winter months in temperate climates and in some years about 20% 
of upper respiratory diseases are associated with coronavlrus Infections. 
Although their detailed epidemiology Is not yet clear, the URI/s produced 
by this virus have a tendency to appear as epidemic outbreaks In addition 
to more sporadic illness.   Serologlcal surveys of patients with lower 
respiratory disease in temperate and tropical environments have been 
negative for coronavlrus infections.   The Incidence of coronavlrus URI 
in the tropics is still unknown. 

Materials and Methods: 

Virua Seed and HA AntJoen Preparattona;  Strain NIH OC43 was obtained 
from Dr. D.J. Tyrrell in the lyophillzed fbfm of a 10% suspension of 
Infected mouse brain containing 5% calcium gluconate lactobionate. 
After reoonstltutlon in 1 ml of phosphate buffered saline pH 7.2, the 
suspension contained approximately 10 •5(suckling mouse lethal doseso) 
($MLD,.g). A dose of 0.02 ml containing 103 SMLD    was Inoculated 
intracerebrally into 3-5 day old suckling mice. Infected mice showing 
typical enoephalitlc symptoms, usually within 48-60 hours after 
inoculation, were sacrificed and their brains pooled and made up into 
the following antigen preparations. 
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a. Virus seed.   A 10% suspension of brain was made In tryptose 

phosphate broth containing 0.5% gelatin.   Brain suspensions were 
distributed in 2 ml aliquots into ampules, lyophilized and then kept 
at -20oC.   The infectivity titre of the sucküng mouse brain seed 
prepared was 10 '   SMID,.. 

b. Haemagqlutlnatinct antJoen; Antigen was prepared by making 
10% suspensions of infected brain in phosphate buffered saline pH 7.2, 
which were clarified by refrigerated centrlfugatlon at 600g for 20 
minutes, kept at -70oC, and used as HA antigen. As an antigen control, 
normal mouse brains vere pooled and made up to 10% suspension in 
veronal buffered diluent and clarified in the name manner as the antigen. 
The haemagglutlnating antigen prepared agglutinated chicken red blood 
cells at a 1:640 to 1:1280 dilution. 

Haemagolutlnation inhibition test.  The reaction was carried out 
by microtlter technique at room temperature, using adult chicken 
•rythrocytes at 0.5% concentration with PBS pH 7.2 as a diluent and 
4 units of HA antigen.   Sera were heated at 560C for 30 minutes prior 
to dilution for the test. 

Neutralizatton tast.  Neutralizing antibody was measured by 
adding serial virus diluttoas with 1:2 dilution of serum tested.  The 
virus-serum mixture was Incubated for 1 hour in room temperature before 
inoculation into suckling mice.  A neutralization index (10) of 1.7 log ig 
or greater was considered to reflect neutralizing antibody. 

Suoroaa density aradlant oantrlfuQatlon.  A 0.25 ml volume of human 
serum was layered on a preformed 10-40% sucrose density gradient and 
centrifuged at 35,000 RPM for 18 hours in an SW-39 rotor.  Twelve 
fractions were collected, and each fraction tested for OC43 HI antibody 
and IgG and IgM concentrations. 

DEftE-Seohadex extraqtyon. Selected sera were extracted by the 
DEAE-Sephadex method described by Altemeier, et al (Applied Microbiology 
19;785. 1970) which removes all serum proteins except IgG.   Purity of the 
extracts obtained was tested by immunoelectrophoresis of whole and 
Ueated serum using goat anti-whole human serum. 

Results: 

Prevalence oi Coronavirus OC43 HI antibody.. Two populations were 
studied; 832 adult made blood donors in Bangkok and 476 residents of the 
Chiangmai valley.  This latter group involved residents of village Maerlm 
(88), Sanpatong (86), Sankampang (81), Saraphl (104) and school children 
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In Chiangmal City \117), As shown In Table 1, only about 7% of Bangkok 
adults and 13% of Chiangmal residents lacked OC43 HI antibody.  The 
majority of both populations had antibody at a fitter between 1:10 and 1:40. 
The age-prevalence  of OC43 antibody Is shown In Table 2.  Although the 
majority of children less titan 2 years lacked antibody, 65% of the 3-4 
year old tested, 85% of the 5-9 year old tested, and 95% of the population 
10 years or older had OC43 HI antibody. 

Persistence and acaulsltlan of OC43 HI antibody.  Sera from Chiangmal 
villager« were collected in November 1969, March 1970, July 1970, and 
Novem.?sr 1970.  Sequential sera over a 9 to 12 month period from 278 
villagers were tested for antibody persistence.  As shown in Table 3, 248 
villagers had HI antibody in November 1969, and 90% had no significant 
change in antibody titer; 21(9%) of these had >4 fold antibody rises.   Of 
the 30 villagers lacking HI antibody to OC-43, 13(43%) had significant 
rises in antibody suggesting infection with this virus or an antigenically 
related virus during the year. 

Identification of HI actlvitv in human sera as antibody.   Since sera 
from most people sampled had HI activity, it was important to determine 
whether this activity could be related to antibody.  Results of fractionating 
4 human sera by sucrose density gradient centrifugation are shown in 
Table 4.   HI antibody was found only in fractions containing IgG. 

In addition, 7 sera with HI üters >1:40 were extracted with DEAE- 
Sephadex.   Serum electrophoresls of 2 extracted sera revealed 2 lines - 
a strong IgG line and a faintly visible line toward the anode. All 7 sera 
tested had HI activity after DEAE-Sephadex extraction, suggesting that 
serum HI activity was associated with IgG. 

Neutralization tests were performed on sera from 16 individuals. 
Sera of the 9 persons tested who lacked HI antibody lacked neutralizing 
activity, while sere of 6 of the 7 persons who had HI activity had neu- 
tralizing activity (Fable 5). 

Summary: The association of HI activity with the IgG fraction of serum and 
the correlation between serum HI activity and serum neutralizing activity 
suggests that the assay used is detecting HI antibody rather than non- 
specific inhibitors.  The antibody data is consistent with J»e possibility 
that viruses identical or serologically related to OC-43 commonly cause 
infections in Thais and Indeed Infect most persons by 3-4 years of age. 
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Table 1.   Distribution of Coronavlrus OC43 Antibodies in 2 Thai Populations, 

Adults (Bangkok) All ages (Chiangmal) 
HI anttfctfy tttre Na, with HI tttre M. Ng, wWHItttW       («. 

<10 61 7.2 63                   13.4 
10 ?26 15.5 98                  20.1 
20 299 35.9 181                  38.5 
40 254 30.5 102                  21.3 
80 180 9.6 29                     5.8 

160 12 1.4 3                     0.6 

Total 832 476 
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Table 2.   Prevalence of Qbronavlrus OC43 HI Antibody by Age, Chlangmal 
Population. 

Age Na . studied No. with antibody % with antlbodv 

0-2 15 2 12.5 
3-4 32 20 64.5 
5-9 183 155 84.7 
10-14 84 80 95.2 
15-19 37 35 94.6 
20-29 32 30 93.7 
30-39 75 74 98.6 

40 18 18 100.0 

Total 476 409 86.8 

L^ 
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Table 3.   Persistence of Coronavlrus OC43 HI Antibody, Chlangmal 
Villages. 

Iniüal Antibody        UQJ. 
 status  

No. without 
rise or fall 

No. with 
>4-fold rise 

No. with 
>4-fold fall 

>10 
<10 

248 
30 

221 
17 

21 
13 
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Table 4.   Immunoglobulin Concentration and HI Antibody Activity of 
Fractions from Sucrose Gradient Centrifugation. 

HI Fraction    Immunoglobulin    concentration 
Serum No, Whole serum $0, IqG mg% IqM ma% HItitre 

1849 <10 3 <10 23 «-4 
4 <10 24.5 <4 
5 <10 30.5 <4 
6 - - <4 
7 <i0 0 <4 
8 - - <4 
9 94 0 <4 

10 20 0 <4 

2418 <10 3 <10 0 <4 
4 <10 16 <4 
5 <10 13.8 <4 
6 - - <4 
7 <10 0 <4 
8 138 0 <4 
9 - - <4 

10 <10 0 <4 

1856 40 3 <10 0 <4 
4 <10 16 <4 
5 - - <4 
6 10 0 <4 
7 10 0 4 
8 74 0 16 
9 82 0 32 

10 - - 8 

2410 40 3 <10 20 <4 
4 <10 24.5 <4 
5 - - <4 
6 <10 0 <4 
7 <10 0 4 
8 58 0 16 
9 74 0 32 

10 - - 4 
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Table 5.   Correlation between OC43 HI and Nuutralizing Antibody 

HI Antibody 
Log Neutralization Index 
<1.7            >1.7 
(No.)           (No.) 

<10 9 0 

>10 1 6 
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Reservoirs of Rabies in Thailand 

Principal Investigator: Robert L. Hickman, MAJ, VC 

Associate Investigators: Kwanyuen Lawhaswasdl, DVM 
Dennis 0, Johnsen, MAJ, VC 

Parti.   Rabies Diagnostic Service 

OBJECTIVE:  The objective was to maintain a competent facility 
capable of providing a rapid and accurate rabie* diagnostic service 
in order to determine the risk of human exposure to rabiesvirus infection 
from animal bites.   In addition to providing an important service, 
this activity was a reliable source of information regarding rabiesvirus 
infections in the canine population of Thailand, 

DESCRIPTION: Suspect rabies specimens are accepted from U.S. 
military and approved Thai sources.  The fluorescent rabies antibody 
(IRA) test and intracranial Inoculation of weanling mice (MI) are the 
methods used routinely for diagnosis.   The indirect FRA test is used 
to evaluate the presence of rabiesvirus antibody In human sera when 
requested. 

PROGRESS; A total of 780 specimens were submitted for examination 
during the past 12 months.   The results are presented in Table 1.  A 
comparison of the FRA and MI results is presented in Table 2.   Based 
on ths MI results, the accuracy of the FRA results were 99« 1% when 
negative ind 98.2% when positive.   During this report period, rabies 
antibody viters In 151 human sera were determined by the FRA tech- 
nique. 

SUMMARY; Of a total of 780 specimens submitted for rabies diagnosis, 
.'.ai (42.4%) were infected with rabies virus.    These results are 
similar to those reported earlier.  Although dogs continue to be the 
major species involved and constitute the greatest hazard to man, 
other species, particularly cats, should not be ignored. 
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Table 1.   Rabies Diagnostic Results 

Number Number Percent 
Species Examined Positive Positive 

Canine 625 3,40 U.2 
Feline 72 7 9.7 
Others 83 4.8 

Total 780 331 42.4 

* 2 human, 1 mOiJcey, 1 bat. 

Table 2.   Comparison of FRA and MI Rabies Diagnostic Results 

MI 

POS NEG 

FRA 
POS 325 4 329 

NEG 6 445 451 

331 449 

Part II.   Sun/ey of Domestic Animals for Rabiesvlrus Infection. 

OBIECTIVE;  The purpose was tr determine the prevalence of rabies- 
virus Infections in asymptomatic stray dogs captured by municipal 
and federal authorities in Thailand. 

DESCRIPTION; Canine specimens were obtained from two sources. 
Stray dog control programs were conducted by the Division of Com' 
municable Disease Control, Thai Ministry of Health, and cooperating 
U.S. Air Force Installations in Thallair". From 10 to 30 of the dogs 
collected each day during the operation of a program were submitted 
for rabiesvlrus examination.   The total number of dogs captured in 
the communities involved Is not known.  The second source of 
specimens was the Bangkok Municipal Health Department which 
operates a continuous stray dog pickup program.   Each week, 10 
percent of the dogs picked up on a single day were randomly selected 
for examination.   The total figure, therefore, approximates 1.6 
percent of all the stray dogs destroyed during the 18 month perloi of 
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the survey (estimated 32 thousand).  Trom both groups, only dogs 
without clinical signs of rabies were examined.   All specimens were 
examined by the FRA technique.   Rabies virus was isolated from FRA 
positive specimens by mouse inoculation and confirmed by serum 
neutralization test. 

PROGRESS;  A total of 906 dogs was examined during the 18 month 
study period.   The examination results are presented in Table 1.  Since 
these animals were asymptomatic at the time of euthanasia and salivary 
gland examinations were not done, it is not possible to estimate how 
many of the FRA positive animals were capable of transmitting the 
disease.  It is assumed that all were in some stage of virus inoculation 
and that all would have eventually died of rabies.   Certainly many 
would have been responsible for disease transmission to other animals 
and perhaps to man at some time before death.   During the same period, 
881 suspect canine specimens were submitted for routine rabies diagno- 
sis and 449 or 51,0 percent were found to be positive, 

SUMMARY:  The nurioer of isolations obtained from the two dog popula- 
tions emphasizes ths extent of canine rabies in Thailand and the conti- 
nuing need for more adequate control programs if the problem is ever 
to be eliminated. 

Table 1.   Isolation of Rabiesvirus from Asymptomatic Stray Dogs in Thailand. 

Source Number 
Examined 

Number 
Positive 

Percent 
Positive 

Ministry of Health 
Udorn 
Korat 
NKP 
Ubon 

Bangkok Health 
„Department 
Bangkok 

177 
140 

47 
30 

512 25 

3,4 
2,1 
2,1 
3,3 

4.9 
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Part III.   Survey of Selected Rabies virus Isolates for the Presence of 
"Rabies-Like Viruses". 

OBTECTIVE;  The purpose was to study 50 isolates of rabiesvirus obtained 
from animals having no clinical history of rabies in order to confirm 
their identification or, in falling to do so, provide material for further 
investigation into the occurrence of "rabies-like viruses" in Thailand. 

DESCRIPTION:   Selected isolates were to be inoculated into weanling 
mice to provide aliquots of infected mouse brain suspension.   The virus 
tlter of each isolate pool would be determined,   A neutralization-screen- 
ing test using 100 MLDJQ of virus and antisera calculated to neutralize 
5 MLDgQ of CVS rabiesvirus would be conducted.   In addition, FRA 
examination of each isolate would be performed at 2, 4, 24 and 48 hours 
after slide preparation.   Isolates not neutralized and/or demonstrating 
a weakening FRA reaction with time would be studied further by neutrali- 
zation tests. 

PROGRESS;  A total of 60 isolates were selected for study on the basis 
of available clinical history.   All but J were recovered from weanling 
mice.  Five of the latter were recovered after inoculation Into suckling 
mice.  All recovered Isolates were FRA positive after 4 hours fixation 
in acetone.  An infected brain suspension pool of each of the 56 isolates 
was produced from weanling mice and divided into 5 a.Uquots.   Virus 
titrations in suckling mice were completed with 26 of the isolates. 
Mouse brain suspensions of CVS and a virulent street virus Wüte produced 
and titrated.   Normal and hyper-immune horse serum were prepared and 
aliquoted for use in the neutralization screening test.   Virus tltration 
is continuing and initial neutralisation screening tests and FRA studies 
are in progress.   Final results are pending completion of the latter 
procedures. 

SUMMARY:  Fifty-six of 60 selected rabiesvirus isolates v/ere recovered 
from storage and aliquots prepared from weanling mouse suspensions. 
Virus titers were determined for 26 and others are in progress.   Initial 
mouse neutralization screening tests and FRA studies are underway. 
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Identification of Vertebrate Hosts of Ectoparasites in Thailand 

Principal Investigator:      Joe T. Marshall, Jr., Ph.D. 

Associate Investigators:    Guy G. Musser, Ph.D.* 
Sawart Ratanaworabhan, Ph.D.** 
K. C. Emerson, Ph.D.*** 
Alfred Gropp, M.D.**** 
Amara Markvong, M.Sc.***** 
Kitti Thonglongya****** 
Vandee Nongngork 

Objective:  To provide proper scientific names for the wild vertebrates 
from which ectoparasites are collected or which are suspected of being 
reservoir hosts of disease. 

Description: Vertebrates, especially those voucher hosts of ectoparasites, 
are prepared as study specimens and identified by comparisons with other 
specimens in museums.   For the rodents and some of the birds this entails 
a taxonomlc revision with examination of type specimens, further collect- 
ing, and study of their ecology, cytogenetics, and karyology. 

Progress!    The checklist of rats and mice of Thailand, Table 1- has been 
changed because of finding four species of the nlvlventer-faivesceas 
group on Del Inthanon and disooveilng that the lesser handicoot of 
Thailand is not Bandioota bengalensia but a distinct apecles, B. savilei. 
Table 1 Includes identifications of lice found on ratr and mice.   It will 
be seen that each subgenus of rats Is characterized by two unique species 
of lice, one from Hoplooleura. the other from Polvolax. Additional 
collections of lice by Vandee and Marshall, now being studied, are all 
accompanied by voucher museum specimens of their hosts.   They will 
fill most gaps on the table.  Karyotypes are similarly diagnostic of the 
$ubgeneric groupings of rets and mice; the karyology study Is now ready 
for publication. Taxonomlc iv v.slon of the genu? Mus exclusive of Africa 
is also ready for publication, with results shown in the accompanying key 
to Eurasian species.   The six native species of Thai mice have now been 
colonized for cytogenetlc study in 10 laboratories around the world. 

* American Museum of Natural History, New York 
** Rice Protection Research Center, Bangkok 
*** Smithsonian Institution, Washington, D.O. 
**** Pathologisches Institut der Universität Bonn 
***** Kasetsart University, Bangkok 
****** Applied Sciertific Research Corporation of Thailand, Bangkok 
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Summary;    The number of species of rats and mice occurring In Thailand 
Is now understood to be 36 of which 11 are commensal with man and one 
Is non-native (R, norvegjcus).   Progress In the taxonomlc revision of these 
rodents. In order to provide scientific names, has Involved karyology, 
cytogenetlcs, host-specific ectoparasites, ecology, and anatomical 
study of the skull. 
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Table 1.   Check-list of Rats and Mice of Thailand, Status of Louse 
Identifications (from Dr. K, C. Emerson) and Back-up 
Specimens of Hosts Actually Preserved In Museums 

underline  ■ mu«eum skin and skull Identified by Marshall 
" " > museum skin and skull, ftom the Uten tun 

ifapiwtew ,P(?Jyplax 

Bandicoots 
Bandlcota Indlca malabarlca 

"skins In USNM" 
aslatlca 

B. savllel ourtata malabarlca 
"skins In USNM", 

aslatlca '•Elbel 
Vi?4             F875" 

Subgenus Berylmys 
Rattus berdmorel klttl 

"skins In USNM 
from Arenya Pradat' 

splnulosa 

R. bowers! dlaohore ITM 6780 

R. maokenzlel 

Subgenus Stenomys 
R. mullerl dissicula 

Subgenus Rattus 
R. remotus paclflca 

R. rattus thai 
(north and central Thailand) 

paclflca "skins In 
USNM" 

splnulosa "skins In USNM 
are Elbe! F93S, F949, 
RE 1333, RE1723, RE1725, 
RE1781, RE464, RE46S" 

R. rattus roblnsonl 
(Koh Samul) 

paclfloa 

R. r. 7 jalorensls paclfl a splnulosa 

R. r. ? dlardll 

R. sladenl 
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Hoplopleura Poiyplax 

R. nitldus 

R. exulans pacf ^a spinulosa 

R, losea exlguns 

R, argentlventer pacifica 

R. norvegicus pacifica spinulosa "skin in 
USNM, Elbely206,, 

Subgenus Leopoldamys 
Rattus edwardsi close tu insulsa 

TTM 6746. 6753 

R. sabanus malayslana insulsa 
(spinulosa) 

Subgenus of Rajah Rats 
R. surlfer pectinata USNM 86750 

P.. rajah pellax 

R. whiteheadi (pectinata) 

Subgenus of Nlviventer Group 
Rattus rapit orbus 

R. fulve scans sicata 
ASRCT 54-654, 54-727 

R. bukit 

R. nivlventer 

(pectinata) 
sicata 
USNM 355181 
ASRCT 54-707. 54-722 

prlcei 
ASRCT 54-738 

R. cremorlventer (pectinata) 
sicata ASRCT 54-661 

R. langbianus 
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Hoplopleura Polyplax 

Subgenus Leggadllla 
Mus shortrldgei 

Subgenus Coelomys 
Mus paharl 

Subgenus Mus 
Mus cookil 

Mus carol! 

Mus cervicolor 

nov. sp. TTM 6686. 
TTM 6741 

nov. sp. TTM 6779 

Johnsonae 
TTM 6754. 6755b 

johnsonae 
USNM 294944. 294946. 
TTM 6756 
captiosa * 
USNM 294944. 294946. 
294947: "RE 460" (Mus sp?) 

Mus musculus castaneus  captiosa 

Genera of Tree-rats 
Chiromyscus chlropus 

Vandeleurla oleracea 

Chlropodomys gllroldes 

Hapalomys longlcaudatus 

serrata 
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KEY TO EURASIAN SPECIES OF THE GENUS MUS 

GENUS MUS   Length of first upper molar more than half the toothrow; 
postero-intemal cusp of first molar absent; hoad and body about 100 
mm; plantar pad round rather than long and pointed; prelambdoldal fenestra 
exposes a slender paraocclpltal process at least In the young; anterolateral 
corner of parietal projects forward In a point. 

KEY TO EURASIAN SUBGENt.- \ OF THE GENUS MUS 
1 Supraorbital ridge present, eye and ear large (rat-like adaptation) 
 Subgenus Leqgadilla 

1' No supraorbital ridge 2 
2 Interorbltum broader than 4 mm, incisive foramina broad and short, fur 

velvety or spiny, eye small (shrew-like adaptation) 
Subgenus Coelomvs 

2' Interorbltum narrower than 4 mm, incisive foramina slender and long, fur 
not spiny, eye large (comnensal adaptation)  

Subgenus Mus 

KEY TO SPECIES OF THE SUBGENUS LEGGADILLA 

1 The only southeast Asian species, fur spiny, dorsal color light gray-brown, 
ventral fur white with conspicuously gray bases, anterior border of 
zygomatic plate swept back in covex arc, incisive foramina pene- 
trating dee" between the first molars, molars broad lacking accessory 
cusp, upper Incisors notched, mammae 3 + 2, grass beneath deciduous 
forest in Burma, Thailand, Cambodia - Mua shortridget 

1' Indian species, ventral fur white including the bases 2 
2 Mammae 4+2, anterior border of zygomatic plate arched forward In a convex 

semicircle, incisive foramina long, functional anterior accessory 
cusp on first uppei molar, medium size, skull averaging 25 mm, notch 
shallow to none Mus saxlcola 
(There are two subspecies: M. s. ouricha with soft fur, dorsal surface 
light sandy brown, Simla, Nahan, Kumaon, Nepal; and M, s. saxlcola 
with dorsal fur spiny and grayish brown. Sind, Kangra, Cutch, Poona, 
Madras). 

2* Mammae 3+2, anterior border of zygomatic plate approximately vertical or 
curved back. Incisive foramina reaching only to level of anterior 
cusp of first molar (exception: see no. 4, below) no accessory cusp, 
fur spiny above and below 3 

3 Large size, skull 26-30 mm averaging 27, no notch on upper incisors, black 
spot on hind foot, Punjab?   (type of solnulosus not seen), Kumaon, 
Bihar, Poona, Deccan, Kanara, Coorg, Mus platvthrlx (There is 
subspecific variation in color.  Sooty brown in the north, purplish 
brown with ochraceous üanks in Coorg). 
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3'   Smaller size, skull 21-25 mm averaging 22.6, notch of Incisors 
variable, purplish brown with oohraceous flanks/white. 
Central Provinces, Bellary, Madras, Ceylon.. Mus phllltpsl 
(The distinctive subspecies, M. £. fernandonl. with foreshor 
tened skull, occupies Ceylon). 

4   Same as 3' but with long Incisive foramina and no notch, Rajputana, 
Gujerat, Central Provinces  Mus sp? 

KEY TO SPECIES OF THE SUBGENUS COELOMYS 

1 Pelage spiny or stiff, not wooly, ear small 2 
I1 Pelage dense, wooly, velvety, ear large 3 
2 Size large, skull length greater than 27 mm, Ceylon Mus mavorl 
2* Size medium, skull length under 27 mm, Slkkim to Vietnam..Mus pahari 

(with three subspecies: lacksonlae. Assam and N. Burma to Yunnan and 
Szechuan; pahari. Slkkim, Darjeellng; aalrdnerl. mountains of northern 
Thailand, Laos, and Vietnam), 

3 Skull long and slender as In mavorl and pahari. supraorbital area 
smoothly rounded 4 

3' Skul.', short and broad with flattened top of rostrum like Mus muscuJus 
and f.harp supraorbital angle like Mus cookll. mammae 1 + 2, coloration 
dark brown/ochraceous buff, Nllgirl Hills of southern India.... .Mus 
famulus 

4 Coloration similar to that of M^ famulus with dark feet and tall and 
pelage chocolate brown/bronzy buff, mammae 1+2, tail shorter than 
105 mm, incisive foramina 5 mm or longer, mountains of Java  
 Mua vulcanl 

4' Coloration steely gray/sllveiy, feet white, tall longer than 110 mm. 
Incisive foramina shorter thar. 5 mm, mammary formula unknown, moun- 
tains of Sumatra. Mus oroclduroldes. 

KEY TO SPECIES OF THE SUBGENUS MUS 

1 Upper Incisors curve forward and downward perpendicular to palate 
(pro-odont), narrow interpterygdd space, ventral color whitish, 
tail blcolored 2 

1'   Upper Incisors markedly recurved (opisthodont) 3 
2 Nasals very short, exposing to dorsal view the upper incisors, whose 

anterior surface is brown; incisive foramina intruding only slightly 
between anterior tips of first upper molars, posterior palatine 
foramina situated at rear of palatal bridge; tail blackish on top and 
longer than head and body; rlceftelds and grassy areas in Ryuklu 
Islands, Taiwan, southeastern China to Thailand, reappearing In 
Sumatra, Java, Madura and Flores Mua carolt 
(Well marked subspecies of Mus oaroli Include a long-furred, 
richly colored form on mountains of Vietnam, and lighter brownish 

89G 



-gray subspecies In Thailand of which that of the north has silvery 
qray undeiparts, that of central and southeast Thailand Is almost 
pure white ventrally), 

2' Nasals longer, overhanging the upper Incisors, which are buff colored 
on anterior surface; blcolored tall paler gray on top than In caroll 
and shorter than head and body; feet always pure white; Incisive 
foramen extending between anterior molars; posterior palatine 
foramina In middle of palatal bridge (as in all species except caroll); 
Nepal to Vietnam, reappearing in Java Mus cervicolor 
(There are three subspecies: M. c. cervicolor, small, weight 
averaging 15 g.. brownish gray/white with pale gray bases, rice- 
fields in Nepal, Burma, Vietnam, Thailand, Java.   This commensal 
population surrounds the following two subspecies of larger size, 
averaging 22 g., and daricer coloration, that live in natural forest, 
M. c. popaeus. brown/white with gray bases; grass beneath deci- 
duous forest in Burma and Thailand. Mj, c. annamensis. deep brown/ 
white with slate bases, ochracaous along flanks; mountains of Laos 
and Vietnam). 

3.   Length of upper molar row 4 mm or more, fur stiff and dense, ventral 
color whitish, incisive foramina terminating opposite anterior cusp 
of first molar as in M. carollt broad interpterygoid space; grass in 
mountain forests of Assam, Burma, Yunnan, Laos, northern Thailand, 
and Vietnam Mus cookit 

3'   Length of molar row less than 4 mm, fur soft 4 
4 Rostrum shallow, its least depth only one-half of rostral length 

(measured from gnathlon to inferior anterior comer of zygoma tic 
plate), ventral fur whitish 5 

4' Rostrum flat on top, deep (in side view), its least depth two thirds of 
rostrum length; rostrum short, cranium broad and flat on top; 
Eurasia .Mus musculus. with two groups of subspecies...? 

5 Larger (a miniature of cookit). skull longer than 21 mm, tall averaging 77 
mm at least as long as head plus body; vertical anterior border of 
broad, approximately square zygomatlc plate; incisive foramina 
terminating opposite anterior cusp of first molar as in cootyi;  India 
(Poona), Nepal, Sikkim, Assam, Burma, Yunnan .Iwus 
kakhyenensts (A dark, rich brown/buffy subspecies, M. k. palnlca 
occurs in the mountains of jovithern India). 

5'   Smaller, skull less than 21 mm, tail less than 72 mm 6 
6 An exact miniature of kakhyenensts with narrow, gracefully tapered and 

rounded skull; narrow delicate molars lucking bold division of cusps; 
tall averaging 63 mm, slightly less than head and body; skull length 
averaging 20 mm, incisive foramen rarely reaching level of antero- 
internal cusp of first molar; Poona, Madras, Ceylon.,  
 ,,,., )«.* Mus fulvXdiventris 
(with two subspecies: M, f, duni^, broWiiish-gray, Punjab and 
peninsular India. M^J. fulvldlventris of Ceylon, with richer 
rufous-brown dorsal coloration). 
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61   A miniature of molosslnus (except for relatively shallower rostrum 
and relatively large teeth); skull, averaging 19 mm long, is 
broad-beamed, angular, robust; teeth large, squarish, broad, 
deeply sculptured with all cusps equally distinct, Interpterycold 
space very narrow; Incisive foramina penetrating deeply between 
anterior molars; zygomaüc plate broad, set out laterally from 
rostrur; from which It is marked off beneath by a groove; Its 
anterior border markedly arched forward in a semlclrcule, with 
robust masseterlc i^nob at its base; tall avereging 51 mm, much 
shorter than head plus boH"; rlcefields of Nepal, India, Burma 
 Mus booduga 

7 Zygomatic plate slender, hugging close to rostrum, usually with 
straight vertical anterior border and slight masseterlc knob; 
size medium to smallest; Eurasia except northeast and southeast 
Asia BACTRIANUS Group of Subspecies: 
(M. m. bactrtanus and other desert forms; size medium; tall 
bicolored, shorter than head and body; fur long and silky, sandy 
buff-brown dorsally, with underparts and feet pure white; deserts 
of northern Africa, Maditerranian Region and Mid-East.   M, m. 
homourus. size medium, tail as long as head and body, below 
white with gray bases and a peculiar singed brown color along 
the flanks; wild habitats in Ladak, Kashmir, Nepal, Sikkim. 
M. m. tantlllus. like homourus except very smail and tips of 
ventral fur either white or a RSlmon tint (like muralls); Szechuan, 
Shensi, northern Vietnam. 
M. jn. musculus. size medium, brownish gray/slate, tall longer 
than head and body; Inside buildings of Europe, introduced to 
Americas, some Pacific Islands, and Australia.   Progenitor of 
large European laboratory strains. 
M. poschlavlnus.   Dr. A. Gropp is accumulating evidence that 
this Swiss offshoot of M. mt musculus may be a distinct species. 
We have seen no specimens of it). 

7*  Zygomatic plate exactly as described for booduga (6'), size small, 
eastern Asia  
 MOLOSSINUS Group of Subspecies: 
(M. m. waorjri and allies of northern Asian deserts, desert type 
silky pelage, coloration, and short tail as described above for 
bactrtanus.) 
M.._m. molossinuj. Japan (and allies such as vamashinal in Korea), 
dark gray/white with slate bases, short birolored tail.   Inhabits 
buildings and outdoors in Japan, where it Is the only member of the 
genus.   Progenitor of small Asian laboratory mouse. 
M. mj castaneus. underparts concolorous with the back, which is 
dark ochraceous hrown; tail longer than head and body; lives in 
buildings and warehouses in Ceylon, Calcutta, Kathmandu? (the 
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type locality, but not collected there since Hodgson's specimens 
oi 1845), Slkkim, Burma, Yunnan, Kwelchow, Fuklen, Taiwan, 
Pescadores, Vietnam, Thailand, Malaya, Singapore, Indonesia, 
Philippines.   Introduced into some Pacific islands where overlapping 
with musculus). 
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The Prevalence of Hepatitis-Associated Antigen (HAA) among Thais 
Hospitalized with Acute Hepatitis 

Principal Investigators: Robert B. Cotton, MAJ, MC 
Dumrong Chiewsilp, MD 
Richard A. Grossman, LTC,MC 
Franklin H. Top, Jr., LTC, MC 

Associate Investigators: Bunterng Dechjun 
Nathada Plavooth 
Pranom Vangnai 

Assistant Investigators: Chariya Hussen 
Ovath Tonglee 
Yupadee Vanichakorntanes 

OBJECTIVE: 

1. To gain experience in the laboratory detection of HAA. 
2. To build a bank of HAA positive sera for subsequent experiments. 
3. To determine the prevalence of serum hepatitis among hospitalized 
patients with acute hepatitis. 

DESCRIPTION:    According to Krugman , "the specific association of 
HAA with serum hepatitis has been amply confirmed."   Using this 
assertion as a basic premise. Thai inpatients with acute hepatitis 
were surveyed to determine what proportion had serum  hepatitis. 

This project was conducted during the 16 month period ending in August, 
1971.   The Medicine and Pedlatric Wards a* the Royal Thai Army 
Hospital and Women's Hospital served as the study site.  Nurses from 
SEATO Laboratory visited these wards several times a week to obtain 
blood samples from patients with hepatitis.  At the same time, blood 

Alternatively, one may discard previously used nomenclature and 
classify acute hepatitis into 2 types:   HAA positive and HAA negative 
hepatitis.   In so doing, however, many of the traditional distinctions 
betveen serum and infectious hepatitis, originally described using the 
tools of epidemiology and now confirmed as a consequence of the dis- 
covery of HAA, would be neglected.   Thus I prefer only to modify the 
traditional distinctions, first by admitting that serum hepatitis may be 
transmitted by other than parenteral means, and then by adding HAA to 

the list of attributes of serum hepatitis (RBC). 
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was obtained from hospitalized patients without liver disease to serve 
as age and sex matched controls.   The blood specimens, collected 
weekly throughout hospitallzation, were tested for HAA and liver 
function   indices.   A diagnosis of hepatitis was accepted If the SCOT 
or SGPT level exceeded 100 Sigma Units and if the history and clini- 
cal findings were compatible with the diagnosis. 

PROGRESS:    One hundred nineteen patients ranging in age from 2 months 
to 70 years were accepted as cases of hepatitis.   Fifty-one (43%) of 
these cases had at least one serum specimen positive foi HAA. 

The antigen was less frequently detected when the initial serum speci- 
men was obtained late in the course of the disease.   For example, the 
Initial serum specimen for study was obtained 3 weeks or more after 
the onset of jaundice in 21 cases.   Only 4 (18%) of these had detecta- 
ble HAA. 

One or two age, sex, and time matched controls were studied for each 
of 68 hospitalized Thai adults with acute hepatitis.   Thirty-one (46%) 
of the hepatitis cases had sera positive for HAA compared with 15 
(12%) of the controls.   Thus, antigenen.la was associated with 
hepatitis cases rather than being a non-specific function of hospita- 
llzation. 

The bimonthly distribution of cases shows that HAA positive hepatitis 
(that is, serum hepatitis) occurs year round in Bangkok (Fig. 1). 

HAA was detectable in the serum from hepatitis cases of all ages 
(Fig. 2).  As seen in this age distribution of hospitalized hepatitis 
cases, serum hepatitis was most frequently encountered, however, in 
the young adults.   CThe shaded area represents cases of serum hepatitis). 

Serial serum specimer j were obtained weekly for 4 or more weeks in 28 
cases that were irltiaLy positive for HAA.   Twenty-six of these became 
negative for HAA or had en appreciable CF titer fall.   The study period 
foi the remaining 2 cases lasted only 4 and 5 weeks.   This evidence 
indicates that the antlgenemia was related to the disease in these 
cases.   In other words, these patients do not appear to have been chro- 
nic carriers of HAA who incidentally developed acute hepatitis. 
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Study of Hepatitis in a Pediatric Outpatient Department 

Javestigütors: Richard A. Grossman, LTC, MC 
Robert B. Cotton, MAJ, MC 
Milton Wlllhight, SFC 
Dumrong Chiewsilp, MD 
Songsrl Buranakarl 
Pethai Mansuwan, MD 

OBJECTIVE:    To determine the proportion of acute hepatitis cases seen 
in a pediatric outpatient department which are associated with HAA 
and to determine the duration of antlgenemia. 

DESCRIPTION:    HAA has been found much less frequently in inpatient 
pediatrlj than adult hepatitis cases in Bangkok.   Since available out- 
patient data suggested that most of the pediatric hepatitis cases are 
not hospitalized, a study of this population was indicated.   By select- 
ing aqe-and sex-matched case controls and by obtaining sera from 
famib  members of both cases and controls, background HAA prevalence 
could be controlled for and risk factors could be better assessed.   The 
study was performed at the Bangkok Children's Hospital Outpatient 
Department throughout 1971.   Detailed historical information was 
obtf'ned from all cases, controls and their family members.   Controls 
were of the same sex, age (usually within + one year of the cases), 
and lived in the same general area of Bangkok-Thonburi Whenever 
possible) as the cases.   Controls were usually selected on the same or 
following day at the outpatient clinic.   Control diagnoses were almost 
all uncomplicated upper respiratory infections or pertussis.   CF testing 
for HAA and anti-HAA was run on a'l sera;   where CF results (HAA) were 
questionable, the IEOP test was also performed.   An attempt was made 
to obtain serial sera from the families of all HAA positive persons 
(whether they were cases, controls or family members). 

PROGRESS:    From Januarv to December, 1971, 71 patients were given a 
diagnosis of hepatitis.   Of these, 62 had a clinical and laboratory 
picture compatible with the diagnosis.   Two pairs of male-female 
siblings were included, one pair in April, one in November, and each 
time the bibs became symptomatic within 3 days of each other.   None 
cf these 4 cases were positive for HAA.   Eleven of the 62 cases were 
residente of provinces outside t>e greater Bangkok area ■  3 from 
Ayutthaya, 3 from Pathumthani, 2 from Nonthaburi and one each from 
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Chachoengsao, Chainat and Chiangmai.   Of the remaining 51 Bangkok 
area cases,, controls were matched for 42 cases (82%) - 21 males and 
2) lemales.   The Bangkok cases occurred in every month except 
December.   Although no sharp peak occurred, there were noticeably 
fewer cases in the final 3 months of 1971 (Jan-Mar: 18;   Apr-Jun: 19; 
Jul-Sept: 10; Oct-Dec: 4).   The age and sex distribution of these 51 
cases is shown in Table 1.   Males accounted for 53% of the cases 
and the males were 1-2 years older, on the average, than females. 

Background information on the 42 cases and their controls is sum- 
marized in T^ble 2.  Age and sex were, of course, comparable, but 
so too were household size and other characteristics except for 
contact with a jaundiced person.   The typical symptoms of acute 
hepatitis are apparent in the case sample while fever was not often 
present in either group at the clinic visit.   The cases were seen 2-15 
days after the onset of symptoms (median 5 days).   Comparability of 
non-hepatltis-associated variables Is alsu shown by similar distri- 
butions of hemoglobin in cases and controls (Table 3).   Liver function 
test results are clearly different.    The other 9 cases without controls 
did not differ from the rest of the cases for the variables considered. 
The liver function test results were very similar between the family 
members of the 51 Bangkok area cases and the 42 controls (Table 4). 
Although only a small number of both family groups had slight eleva- 
tions in these tests, such elevations were more frequent in case 
family members. 

Antibody to HAA was not detected in any of sera tested during the study. 
HAA was detected in 9.5% of the 42 cases and 4.8c,i of their matched 
controls (Table 5).   Although the difference is not Ftatistically signifi- 
cant, there are two features which point to this being a real difference. 
First, the rate in the family members of both cases and controls is 
comparable to that in the controls, which is also approximately the 
prevalence found in the general Bangkok population (See Huay Khwang 
Study).   Second, and more pertinent to the association of HAA with 
pediatric hepatitis cases, is the question of persistence of HAA posi- 
tivity.   Our results to date have indicated that HAA is usually a tran- 
sient phenomenon in symptomatic hepatitis cases while asymptomatic 
Thais who have been found to have HAA in their sera have usually 
remained positive for up to 2 years bf observation.   Table 6 summizes 
the serologic history of the 20 HAA positive persons found in the study. 
Three of the 4 positive cases who were followed past the initial serum 
collection had titers less than 1:64 and rapidly reverted to negative. 
The fifth positive case was not tollowed, but was positive only by 
IEOP on the initial serum.  All but one of the other 14 positive persons 
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(controls and family members) who were followed from 4 to 36 weeks 
had high, persistent CF titers (almost always >1:64).   Liver function 
tusls were normal in every HM-positive control and family member. 
Without having the necessary pre-infection HAA status on the cases 
and a larger series of cases, it can only be suggested from these 
data that HM is associated with a definite, but small proportion of 
symptomatic pediatric hepatitis cases in Bangkok and that the risk 
of developing overt hepatitis may be greater in a child who lacks the 
antigen than in one who is a persistent carrier. 

The family of case 42, while interesting of itself, may also provide 
support for the latter hypothesis of risk.   Six of the 8 family members 
of the case were HAA positive, the 5 positives that were subsequent- 
ly followed remaining so;  they are presumed to be HAA carriers 
(Table 6).   The positives were 2 brothers (ages 13 and 16), 2 sisters 
(ages 12 and 27), the aunt (age 45) and the uncle (age 47) of the case 
(a 12 year-old male).   Unfortunately, the 27 year-old sister, who had 
a low tlter of 1:8 on the initial serum (study No. 42h), was lost to 
followup.   Negative were a 14 year-old sister and an 18 year-old 
brother.   The case's initial serum was anticomplementary and all sub- 
sequent sera were negative.   There was no history of transfusions, 
drug addiction, jaundice or prior exposure to jaundice for any of the 
9 family members. 

Other examples of famly clusters of asymptomatic HAA positives In 
Thais are presented els ?where in the Report.  Further prospective 
study is needed to determine whether (as Blumberg hypothesizes) 
symptomatic hepatitis is more likely to occur In HAA negative than in 
HAA-positive persons in a populedon like the Thais where the relative- 
ly large numbers of HAA positives may be related to a genetic predis- 
position to the carrier state. 
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Table 1 

Hepatitis Cases at Children's Hospital Outpatient 
Department In Bangkok-Thonburi Residents,    1971 

Age Male Female Total 

0-2 3 2 5 

3-5 3 6 9 

6-8 8 10 18 

9-11 7 4 11 

12-14 6 2 8 

TOTAL 27 24 51 

Median 8.8 7.2 7.9 
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Table 2 

Comparison of Hepatitis Cases with Controls for 
Various Background Characteristics 

Background Characteristic Cases 
N-42 

Controls 
N-42 

Males 

Median Age 

21 

7.9 

21 

7.5 

Household Size - Range 

Household Size - Median 

3-12 

7 

3-12 

7 

Dental work previous 6 mos. 

Medical injections previous 6 mos. 

Hidtory of Jaundice 

Contact with Jaundiced perso.i 
previous 6 mos. 

History of Blood Transfusion 

4 

23 

3 

9 

1 

5 

28 

2 

2 

0 

Present  Illness 

VomiLing 

Dark Urine 

Light Stool 

Fever (Temp.>37.5) 

Jaundice 

Enlarged or Tender Liver 

24 

38 

10 

3 

40 

30 

10 

5 

1 

5 

0 

0 
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Table 3 

Comparison of Hepatlti« Cases with Controls 
for Various Laboratory Test Results 

laboratory Test No.  Pairs 
Tested Cases Controls 

Hemoglobin - Range 40 5.6-14.7 7.5-U.5 

Hemoglobin - Median 40 11.9 12.1 

SCOT - Range 42 72*-1850 11-67 
SCOT - Median 42 367 30 

Total Blllrubln - Range 42 0.4**-34.4 0.0-0.6 

Total Blllrubln - Median 42 6.8 0.3 

Alkaline Fhosphatase - Range 41 1.6-23.2 2.7-10.0 

Alkaline Fhosphatase - Median 41 10.1 5.1 

HAA Positive 42 4(9.5« 2(4.8!{) 

* All but one value was >90. 
** All but 2 values were > 1,8. 

910 

I 

I *m*^* 



r 
Table 4 

Comparison of Family Members of Hepatitis Cases 
and Controls for Various Laboratory Test Results 

Laboratory Test 
Family Membe^C 
of 51 Cases 

N-186 

Family Members 
of 42 Coutrols 

N-lll 

SCOT - Range 10-104 10-57 
SGOT - Median 27.5 ''.7.2 

SCOT - No. ^90 2 0 

Total Billrubin - Range 0.0-1.5 0.1-2.3 

Total Billrubin - No.  (%)2l.O 12(5.4) 3(2.7) 

Alkaline Phosphatase - Range 1.0-16.4 1.0-9.6 

Alkaline Phosphatase -  No.  (%)£8.0 7(3.8) 2(1.8) 
HAA Positive - No.   (Z) 8(4.3) 5(4.5) 

*    Total of 49 families since 4 cases occurred in 2 families. 
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Table 5 

Suranary of HAA Positives In Bangkok Area Cases,  Controls and Family Members 

No. 
Tested 

HAA Positives 

No. % No. 
Male 

Age 
Mean 

Range Median SCOT 

Cases 

Total 51 5 9.8 3 8-9 9 1045 

With Controls 42 4 9.5 2 8-9 8.5 1181 

Controls 42 2 4.8 1 10-12 11 34 

Family Meriers 

Of the 51 Cases 186 8 4.3 3 11-4-/ 21.5 27 

02 the 42 Controls 111 5 4.5 4 12-37 24 27 
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Table 6 

Persistence of HAA Positivity in Cases, Controls and Family Members 

Study 
Number 

Initial 
CF Titer 

No.IJeeks 
Followed 

Followup Sera 
CF Titer 

No. No. on Last 
Tested (+) Serum 

Cases 16 1:16 2 1 0 Neg 
(5) 18 >1:64 53 13 13 il:64 

40 1:32 4 3 2 Neg 
43 

PF?* 
n 0 - - - - 

61 22 8 1 Neg 

Controls C-47 >1:64 33 11 11 >1:64 
(l) C-65 >1:64 16 7 7 >lr64 

Case 27c >1:64 4 2 2 >1:64 
Family Members 42a >1:64 10 4 4 >1:64 

(8) 42b >1:64 36 10 10 >1:64 
42d >1:64 29 7 7 >1:64 
42f >1:64 32 9 9 >1:64 
42g >1:64 32 9 9 >1:64 
42h 1:8 0 0 - - _ _ 
53b >1:64 10 3 o Meg 

Control 0-32c >1:64 5 2 2 >1:64 
Family Members C-3äd >1:64 4 2 2 >1:64 

(5) C-52a 1:16 24 7 7 >1:64 
C-65b >1:64 20 7 7 >1:64 
C-65c »1:64 20 6 6 >1:64 

*    IE0P  (+), +   PF - Partial Fixation. 
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Hepatitis-Associated Antigen (HAA) In American Personnel with 
Acute Hepatitis in the Republic of Vietnam 

Principal Investigators: David A. Neumann, CPT, MC 
Michael W. Benenson, CPT, MC 

Associate Investigators: Robert B. Cotton, MAJ, MC 
Dumrong Chiewsllp, MD 

OBJECTIVE: To determine the prevalence of HAA positive hepatitis 
among American Servicemen with acute hepatitis in the Republic of 
Vietnam. 

DESCRIPTION:    Patients admitted to the 3rd Field Hospital in Saigon, 
the 24th and 93rd Evacuation Hospitals at Long Binh Post and the 
6th Convalescent Center Cam Ranh Bay, with a diagnosis of hepatitis 
supported by clinical and laboratory evidence were entered in the 
study. 

Laboratory tests were performed at the admitting hospital.   These 
included Serum Glutamic Oxaloacetlc Transaminase (SCOT), direct 
and indirect blllrubln and Alkaline phosphatase.   Interviews were 
performed and sera collected by members of the U.S. Army Medical 
Research Team (USA MRT Vietnam). 

HAA testing was done In Saigon using the agar-gel duffuslon technique 
and aliquots of the sera w^re also brought to Bangkok for testing by 
CF, and by IEOP in some cases. 

PROGRESS:    The study was conducted from August to December 1970. 
One hundred seventy five patients met the criteria for inclusion in 
the study. 

Thirty seven (''1%) were positive for the hepatltip-associated antigen 
using the agar gel diffusion technique.   Another thirty-four were 
positive using the more sensitive CF and IEOP techniques.   Thus a 
total of 71 (41%) patients were positive for HAA. 

* 
This study was done jointly by the Walter Reed Army Institute of 

Research Medical Research Team in Saigon and the SEATO Laboratory 
in Bangkok, Thailand. 
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The HAA antigen was detected most frequently In specimens taken 
during the first week after clinical onset of disease.   The percentage 
of positives decreased progresjively in specimens collected after 
that time. 

Comparing questionnaire responses fjr the two groups, those that 
had HAA detected in their sera and those that did not, there was no 
differenco in the following variables:  race, age, time-ln-country, 
locatlon-in-country, eating on the economy, and drug use.   Although 
time-ln-country was not related to HAA detection, the number of 
cases of hepatitis did increase with increasing time-in-country. 

Fifteen patients admitted to the Intravenous use of habituating drugs. 
Of these fifteen only six (40%) were positive for HAA.   This rate is 
very similar to that of the total group. 

Convalescent sera, taken from 4-18 days after the initial bleed, 
were available for 21 patients.   Eighteen showed decreasing liters 
of HAA.   In the other 3, the tlter Increased, but in these cases the 
second serum specimen was taken only 4 days after the initial speci- 
men. 
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The Epidemiology of Hepatitis-Associated An'-igen (HAA) in a Defined 
Urban Population.    I.    Prevalence Survey 

Investigators: Richard A. Grossman, LTC MG 
Milton Willhight, SFC 
iSuntaiee Pantuwatana, RN 
Chaiyan K. Sanyakorn, MD 
Franklin H. Top, Jr., LTC MC 
Robert B. Cotton, MAJ MC 
Dumrong Chiewsilp,  MD 
Rapin Snitphan, MD 
Walter W. Noll,  MA] MC 
Nelson Davis, Jr. , SFC 
Michael W.  Benenson, CPT MC 

OBJECTIVE:     To determine the prevalence of RAA in a random sample of 
urban Bangkok residents and to test the genetic hypothesis of the HAA 
carrier state. 

DESCRIPTION:    Our case-control studies of both Bangkok ?rea hepatitis 
patients and recipients of HAA(+) blood have clearly demonstrated the 
important association with HAA in these populations.    A sizeable (> 5%) 
prevalence of HAA has also been found in presumably healthy male 
blood donors.   Although necessary and valuable information is derived 
from the study of these groups, important questions about host and 
environmental risk factors involved in the acquisition and persistence 
of HAA (and anti-HAA) and their relation to subclinical as well as 
clinical hepatitis can best and most validly be obtained by adequate 
sampling of the population at risk-in this case, the total Thai popula- 
tion.   Since the overall risk of developing hepatitis is greater in urban 
than in rural populations, we decided to establish a Bangkok study site, 
perform across-sectional, family-directed survey, and, based upon 
these results, determine the feasibility and need for continuing pros- 
pective su-veillance. 

The study area selected was the Huay Khwang low-income houbing 
development.   One of the 3 major sections was mapped and found to 
have exactly 800 houses.    The rows of houses (on both sides of 8 blocks) 
are composed of groups of 5 adjoining houses with several yards separ- 
atim each of the 5-house clusters.   The 160 clusters were taken as the 
sampling units and 15 such clusters (75 houses) were randomly selected. 
Thus the sampling process was basically siiiilar to that used in Chiang- 
mai and Mae Sariang.     Confidence limits of the various statistics 
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presented were derived from the method for analyzing cluster random 
samples.   In June, 1971, comprehensive Interviews were performed 
with the random sample residents, using standardized questionnaire 
forms.   Special attention waa paid to the family relationships in 
each household so that accurate pedigree analyses could be perform- 
ed in the testing of whether susceptibility to being an HAA carrier is 
inherited as an autosomal recessive trait (as Blumberg hypothesizes). 
In July, 1971, blood was collected from volunteering sample members 
(over age one year)  within a 2-week period;   heights and weights 
were also measured.   The following tests were promptly run on the 
blood specimens:  hemoglobin, hematocrit, SCOT, HAA (CF and IEOP 
tests) and blood typing (ABO, MNS, CDE, Duffy, Kell and Kidd). 
For very ycang children and a few who refused venipuncture, periphe- 
ral blood was sometimes obtained Instead;   only a limited number of 
tests could be performed on these specimens.  After the HAA results 
became known, extra effort was expended to try to get complete (as 
far as possible) participation of all family members where at least 
one member had been found to be HAA-positive.   Thus numerous extra 
specimens were obtained from relatives living in the Bangkok- 
Thonburl area.   These non-random sample persons are not included in 
the prevalence analyses (Tables 1-7), but they are Included in the 
family analyses CTable 8 and 9). 

RESULTS:   The random sample included a total of 014 people in the 
75 houses, or an average of 10.8 people per house.   There wer; 147 
separate families residing in these houses (average of 2.0 families 
per house).   The average family size, therefore, war, 5.5 persons. 
The age and sex distributions of the Huay Khwang sample are present- 
ed in Table 1.   Precision of the sampling process was both good 
(standard errors approximately 0.01) and comparable over the entire 
age span.   Compared to a typical Thai village, this urban sample has 
proportionally more young people (median age 1-3 years younger) and 
fewer males (46% versus the country-wide value of 49%).   Nearly 90% 
of the sample population (over age 1 year) volunteered a blood sample 
(Table 2).   Pdrticipation was very good for females and children but 
only 70% of the adult males submitted specimens. 

A total of 695 sera were processed for HAA - 55 (7.9%) were positive 
for the antigen (Table 3);   none were positive for anti-HAA.   Although 
it appears that the prevalence may be higher in males (9.5%) than in 
females (6.8%), this difference is not statistically significant, either 
in children or in adults (Table 4).  An additional 11 persons (1.8%) 
had antlcomplementary CF reactions, but the IEOP test was negative 
for each specimen.   The IEOP procedure proved to be slightly more 
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sensitive than the CF test.   Only one of the 55 positives was IEOP- 
negatlve, CF-posltive, while TEOP was positive in 5 sera which were 
CF-negative plus 3 more sera which had partial fixation or Sl:2 CF 
reaction.   Overall, 80% of the CF positives had high ( i 1:32) titers 
which are what we have usually found in persistent HAA carriers. 
(Indeed, followup sera 6 months later on these persons found all such 
persons tested still positive, at similar high ttters). 

In general, past histories on HAA-positive persons differed little from 
those in the whole sample (Table 5).   The historical variables consi- 
dered, therefore, provided no clue as to possible means of HAA 
acquisition.   Only a history of Jaundice was elicited in greater fre- 
quency in HAA-positives, but only 4 of the 55 positives (7,3%) gave 
such a history.   The HAA-positive group was also similar to the entire 
sample in distributions of height, weight, hemoglobin and hematocrit 
(Table 6).   (Age-adjustment of the positives was not required since 
the HAA-positives were similarly distributed to the entire sample). 
Although the mean SCOT for both sexes was higher in the positive 
group (and worthy of further evaluation), 48 of the 55 HAA-positives 
had SOOT values below 70 and only 3 were over 90 (highest 104). 
Differences in the 2 blood typing groups are probably reflecting the 
clustering of HAA-positives in family members plus the incompleteness 
of the typing data;  these and other Important genetically-related data 
are presently being further evaluated. 

Tables 7 and 8 present attempts to describe the distribution of HAA 
positives in families.   The 55 positives (and presumed persistent HAA 
carriers) were present in 11 ot the 15 five-house clusters and in 23 of 
the 75 houses.  Although these figures do not sugces', a .narked clus- 
tering effect, analysis by blood relatives (i.e.. families) in these 
houses definitely suggests a degree of clustering within families which 
is not necessarily shared between families or between houses. Where- 
as almost 1/3 of the houses had at least one HAA(J-) resident, only 
18.4% of the families showed this.  As expected, the % of positive 
families increased with increasing family size, but so too did the pro- 
portion of positive people in positive families (Table 7, c/b).   There 
were several examples of houses with 2 large (5-7) families residing 
together where only one family had HAA-positives,  Although one 
family could still conceivably be sharing an environmental HAA ascer- 
tainment factor not shared by the other family, contact between both 
families' members is extremely close at all social levels and results 
such as these appear to better support a theory of familial predisposi- 
tion to HAA-carrlage.   Table 8 shows that at least one offspring was 
positive in each of the 6 families in which the mother was positive 
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compared to only 8 out of 75 families in which the mother was negative 
and the father was either negative or not tested.   The method used by 
Blumberg to test the genetic hypothesis was applied to these family 
data (Table 9).   The segregation of HAA-positive offspring in matings 
where one parent is HAA-positive (upper table) shows a very close 
fit to the expected distribution and provides further support for the 
hypothesis that predisposition to the HAA-carrler state is inherited as 
an autosomal recessive condition.   The fit Is poor, for matings where 
both parents are negative (lower table).   However, the numbers are 
quite small and in 7 of the 12 families HAA results are known for only 
one parent (the other parent was assumed to be negative).   Further 
data may be forthcoming from a repeat serum collection from the total 
random sample which is being obtained in April, 1972. 

Available sera f'-om the random sample cohorts from Mae Sariang and 
Chiangmal Valley (see 1969-70 and 1970-71 Annual Reports) provided 
the! opportunity to determine (by IEOP test) the prevalence of HAA in 
these Northern Thai populations.   In Mae Sariang and in 3 of the 4 
Valley villages, prevalence was lower than in Huay Khwang.   The 
schoolchildren in urban Chiangmal (age 6-8) had a similar prevalence 
to Huay Khwang and one village (C) hud 9 of 4S males (20%) HAA- 
positive.   The 9 were clustered in 4 families.   Each of the 22 HAA- 
posltives in Chiangmal had persistent lEOP-positive reactions over 
the 2 years (Nov 69-Nov 71) of surveillance and had normal SOOT 
values. 
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Table 1 

Sex and Age Distributions of Huay Khwang Random Sample 

Male Female '                                    Total 

Age Frequ- 
ency 

Rela- 
tive 
Freq. 
(*) 

Frequ- 
ency 

Rela- 
tive 
Freq, 
(X) 

Frequ- 
ency 

Rela- 
tive 
Freq. 
(X) 

Cumulative Relative 
Frequency 

«) S?* 95Z CL+ 

0-4 58 15.4 46 10.5 104 12.8 12.8 .0100 10.6-14.9 

5-9 55 14.6 58 13.2 113 13.9 26.7 .0155 23.3-30.0 

10-14 63 16.8 67 15.3 130 15.9 42.6 .0167 39.1-46.2 

15-19 45 12.0 59 13.5 104 12.8 55.4 .0126 52.7-58.1 

20-29 51 13.6 78 17.8 129 15.8 71.2 .0134 68.4-74.1 

30-39 40 10.6 56 12.8 96 11.8 83.0 .0110 80.7-85.4 

40-49 42 11.2 38 8.7 80 9.9 92.9 .0055 91.7-94.0 

50- 22 5.8 36 8.2 58 7.1 100.0   

Total 376 100.0 438 100.0 814 100.0 100.0 

Median 
Age 16 .3 19 .1 17 .9 

*    Standard error of the sample proportion. 
+    95% Confidence limits of the bample proportion. 
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Table 2 

Participation of Huay Khwang Random 
Sample in Giving Blood Specimens 

Male Female Total 

Age No. 
Sera X* 

No. 
Sera X 

No. 
Sera X 

1-9 89 89.0 87 94.6 176 91.7 

10-19 100 92.6 120 95.2 220 94.0 

20-29 38 74.J 71 91.0 109 84.5 

30-39 27 67.5 53 94.6 80 83.3 

40-49 27 64.3 37 97.4 64 80.0 

50- 16 72.7 32 88.9 48 82.8 

lotal 297 81.8 400 93.9 697 88.3 

Median 
Age 15 .0 19 .3 17 .4 

*   % Giving blood specimen. 
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Table 3 

Prevalence of HAA by Age and Sex 

Male i    Female 1           Total 

Age No. 
Tested 

HAA (+) No. 
Tested 

| HAA (+) No. 
Tested 

HAA (+) 

No. % No. % No. % 

1-4 34 1 2.9 31 6.4 65 3 4.6 

5-9 54 5 9.2 56 12.5 110 12 10.9 

10-14 61 8 13.1 66 3.0 127 10 7.9 

15-19 39 6 15.4 54 5.5 93 9 9.7 

20-29 38 5 13.2 70 5.7 108 9 8.3 

30-39 27 0 0.0 53 7.5 80 4 5.0 

40- 43 3 7.0 69 7.2 112 8 7.2 

Total 296 28 9.5 399 27 6.8 695 55 7.9* 

Median 15.0 15.0 19.3 19.2 17.4 16.4 

*    95% Confidence limits 4.5-11.32. 
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Table 4 

Comparison of EM Prevalence 
Between Males and Females 

Age 
HAA Prevalence 

(%) ** 

Male Female (1 DF) 

<15 

>15 

9.4 

9.5 

7.2 

6.5 

0.48 NS* 

1.19 NS 

Total 9.5 6.8 1.19 NS 

*    NS- Not Significant. 
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Table 5 

Comparison of Historical Characteristics 
between HAA-poslf.lve Persons and Total Sample 

History of 
HAA(+) 
N-55 
(%) 

Total Ä 
Sample 
N-697 
(%) 

Hospitallzations 16.4 16.8 

MedJ,.al injections previous 6 mos. 23.6 20.2 

Dental work previous 6 mos. 5.4 4.4 

Tattoo 3.6 4.7 

Blood donations 1.8 2.7 

Blood transfusions 3.6 3,2 

Jaundice 7.3 3.6 

* Total sample submitting serum specimen. 
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Table 6 

Comparison of HAA-posltive Pers'      with 
Total Sample £01 Various Measurement and 

Laboratory Test Result« 

Statistic 
HAA (+) 
Group 
N-SS* 

Total 
Sample 
N-697* 

Mean Height (cm) Male 
Female 

U2.8 
133.6 

140,8 
140.6 

Mean Weight (Kg) Male 
Female 

37.9 
38.4 

38,6 
41.7 

Mean Hemoglobin (g%) Male 
Female 

11.9 
11.2 

12.6 
11,6 

Mean Hematocrit (%) Male 
Female 

38.0 
35.2 

38,7 
36.2 

Mean SCOT (sf units) Male 
Fsmale 

39.0 
37.0 

24.7 
26.8 

Blood Type 

X 

% 

29.6 
25.9 
27.8 
16.7 

50.9 
14.5 
34.5 

33.9 
26,0 
31,1 
8,9 

43.2 
13,2 
43,6 

*   No.  results slightly let,3 for eome tests. 
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Table 7 

Distribution of HA/-positive Families 
and People by Family Size 

Family 
Size* 

a 

fnn'.ilM 

b 

No. 
Families 
HAA (f)+ 

b/a 
(%) 

c 

No. 
People 
HAA(+) 

c/b 

1-2 47 2 4.3 2 1.0 

3-5 47 10 21.3 15 1.3 

6-8 40 8 20.0 16 2.0 

9-11 8 4 50.0 5 1.2 

12-14 4 3 75.0 T 7 5.7 

19 1 0 0.0 0 - 

Total 147 27 18.4 55 2.0 

Median 4.7 6.4 7.5 

*   No. in family submitting sera. 
+   One or more HAA (+) person In family. 
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Table 8 

HAA Results in Families 

At least 2 offspring per 
family (Medlan-4). 

+ Father was HAA(+) in 4, 
HAA(-) In 4 and unknown 
In 4 families. 
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Table 9 

Segregation of HAA-posltlves In Families 
with at Least One HAA-posltlve Offspring 

No. 
Offspring 
In Family 

No. of 
Families 

No. HAA(+) 

Observed Expected 
Variance 

MATING TYPE: HAA(+) x HAA(-) 

1 2 2.000 0.000 
2 5 5.332 0.888 
3 4 3.428 0.980 
4 1 2.133 0.782 
6 1 3.048 1.379 
7 6 3.528 1.667 
8 4 4.016 1.945 

Total 12 23 23.485 7,641 

^(l DF) -0.033 P*MC .85 

MATING TYPE: HAA(-) x HAA(-) 

1 2 2 2.000 0.000 
2 1 1 1.143 0.122 
3 1 1 1.297 0.263 
4 3 3 4.389 1.260 
5 2 3 3.278 1.184 
6 1 2 1.825 0.776 
8 2 2 4.446 2.344 

Total 12 14 18.378 5.949 

^(1 DF). -3.222 p<w. 07 S 
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Table 10 

Prevalence of HAA In Northern Thailand Study Groups 

„ , .  * 
Age 
Bange 
Tested 

No. 
Tested 

No. 
HAA(+) 

HAA Prevalence (Z) 
Study Area 

Male Female Total 

Chlangmai Valley 

Village A 1-69 84 0 0.0 0.0 0.0 

Village B 1-39 84 1 2.0 0.0 1.2 

Village C 1-39 80 9 19.6 0.0 11.2 

Village 0 1-39 91 1 2.3 0.0 1.1 

Urban School E 6-8 161 11 7.5 6.2 6.8 

Mae Sarlang Town 1-79 177 5 4.9 1.0 2.8 

* All samples were randomly selected except for school E. 
Blood collected June, 1969 in Mae Sarlang; others in July, 
1971. 

i 
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Michael W. Benenson, CPT, MC 
Dumrong Chlewsilp, MD 
Richard A. Grossman, LTC, MC 
Rapin Snitbhan, MD 
Franklin H. Top, Jr., LTC, MC 

Associate Investigators: 

Department of Epidemiology 

Sirinlpa Srilikit 
Songsri Buranakarl 

Assistant Investigators: 

Praong Toochinda 
Sajee Pinnoi 
Somnuk Lumjiak 
Chuanchom ftavichpram 

Laboratory Investigators: 

Department of Medicine 

Nathada Plavooth 

Department of Medicine 

Buntemg Dechjun 
Pranom Vangnai 
Chariya Hussen 
Ovath Tonglee 
Yupadee Vanichakorntanes 
Suthida Thongügarm 

Chomduen Satavuthl 
Choomphun Chavachart A 

Srirat Sela, C.P.O.I 
Suleela Seemachibovom 
Vlpa Thlmuthl t 

Vuth Duang sol thong, Sub.Lt., RTN 
Yeepu Keokam 

DESCRIPTION; 

Background    Studies in the United States have left little question that 
patients receiving blood containing HAA run a greater risk of post- 
transfusion hepatitis than patients receiving blood that does not contain 
HAA.   The attack rate, however, appears to be a function of the popula- 
tion of recipients studied.   While Gocke (1) has shown that over 50% 
of recipients of HAA positive blood develop evidence of hepatitis, 
Cherubin (2) reported a much lower attack rate, and speculated that his 
study population, a low socloeconomlc group,   many of whom were 
parenteral drug users, was largely immune to serum hepatitis. 

Thai Component 
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In view of this discrepancy In results between different populations In 
the United States, It. would be hazardous to extrapolate these findings 
to Thailand and other areas of Southeast Asia, which have a number of 
pertinent differences from the United States.   Whereas the prevalence 
of blood donors positive for HM is 0.1-0.5% in the United States, 
b-10% or more of the presumably healthy people in parts of Southeast 
Asia and other tropical areas are carriers of HAA.   Furthermore, some 
Investigators have presented evidence that the distribution of the 
canlers In these populations is genetically determined. 

Assuming that the prevalence of HAA in Thailand would be high, as 
in other areas in Southeast Asia, the Hepatitis Study Group at this 
Laboratory felt It worthwhile to undertake a survey of Thai blood 
recipients in order to learn what happens to the recipient of blood 
containing HAA.   The primary goal of this survey is to assess the risk 
of post-transfusion hepatitis in a patient who receives blood contain- 
ing HAA.   In addition, the survey allows us to describe responses by 
the recipient other than the development of hepatitis. 

Study Site     The Royal Thai Army Hospital (Pramongkutklao Hospital) 
was selected to provide the study population of blood recipients. This 
is a large, multispecialty general hospital administered by the Royal 
Thai Army. 

The blood requirement of the Royal Thai Army Hospital is provided by 
the Blood Bank of the Royal Thai Army Institute of Pathology, located 
adjacent to the Hospital.   Virtually all the blood processed by the 
Blood Bank Is used to fill requests submitted by the Royal Thai Army 
Hospital.  Almost 90% of the bio 1 comes from a group of paid donors 
who donate blood at the Blood Bank.   The remainder is supplied by the 
Thai Red Cross. 

In February, 1971, permission was given SEATO Laboratory to obtain a 
blood specimen and questionnaire information from all donors at the 
Blood Bank.   If donors were not present, as in the case of Red Cross 
blood, extra serum from the "side tubes" accompanying the blood unit 
would be made available to our laboratory.   In addition, the Blood Bank 
agreed to let SEATO Laboratory establish a screening station in series 
with the regular donor processing system.   This permitted us to create 
a complete donor registry of our own, enabling donor Identity to be 
double-checked. 
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In March, 1071, permission was obtained from the hospital commander 
to follow all blood recipients.   The project was explained to the chlefs- 
of-servlce£, who agreed to cooperate actively In helping this laboratory 
study their patients. 

In order to tet t the HAA status of recipients before they receive blood, 
the Blood Bank sets aside part of the "type and crossmatch" specimen 
for our use.   To ensure that an adequate volume of serum would be 
available for these additional tests, the Blood Bank persuaded the 
Hospital, whenever possible, to submit 10 ml of blood along with each 
"type and crossnatch" request.   As a result of this cooperative mearure 
we are missing pre-transfuslon HAA results in less than 5 percent of the 
recipients. 

Each week, an average of 122 units of blood are "deposited" in the Blood 
Bank.   Of these approximately 110 are withdrawn and transfused at the 
Royal Thai Army Hospital.   The remaining units either are used in clinics 
not a part of Royal Thai Army Hospital, or are lost through contamination 
or expiration.   Blood components and derivatives are only rarely used by 
the Hospital. 

We offered to provide the Blood Bank with our HAA test results as soon 
as possible, so that units of blood containing HAA could be removed 
before transfusion.   Since the CF test was to be our method of HAA test- 
ing, results would not be available for at least 24 hours after donation. 
Thus, the recipients of blood positive for HAA would come from that group 
of patients who received blood before the HAA test results were known. 
Once the study began, however, the Blood Bank Director elected not to 
remove units of blood containing HAA. 

Survey Population     A "potential" recipient is assigned a study number 
the first time the Blood Bank receives a "type and crossmatch" request. 
When that "potential" recipient receives blood, he becomes an "actual" 
recipient (see Flg.l).    "Actual" recipients may be inpatients (IN) or 
outpatients (OUT).   They may reside in the Bangkok-Thonburl area (BT) 
or outside this area (BT).    If outpatients, they may be alive (ALIVE) or 
dead (DEAD).   They may become lost (LOST) to follow-up.   If a patient 
receives blood within 6 months before entry into the survey, or receives 
blood during the survey that has not been tested for HAA, he is a recipient 
of uncharacterized blood units (UBU).   Otherwise, he is a recipient of 
only characterized blood units (CBU).   Recipients are further charcterized 
according to the HAA status of the blood received.   They may be recipients 
of blood positive (RPH), indeterminate (RIH), or negative (RNH) for HAA 
(see below). 
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Because of the numerous difficulties In following a large number of 
recipients for six months, we have Imposed criteria to restrict the 
number of patients that we follow actively.   This active category is 
made up of recipients from boxes a through g In Fig. 1.   In order to 
assess the risk of post-transfusion hepatitis following the receipt 
of blood containing HAA, comparisons will be made between the 
RPH recipients (boxes a, b, and e) and the RNH recipients (boxes d 
and g). 

For the purposes of this survey, recipients represented by the 
numbered boxes in Flg.l    are considered "inactive" and are not 
followed actively. 

"Active" recipients are followed weekly or biweekly while inpatlents. 
After discharge form the hospital, we attempt to follow the recipient 
every two weeks.   In some cases, it has only been possible to 
contact the recipient monthly. 

At each follow-up visit, blood is obtained from the recipient for HAA 
and liver function tests.   A medical history emphasizing the signs 
and symptoms of hepatitis is obtained from each recipient intially 
and medical progress notes are recorded at subsequent contacts. 
We attempt to follow each active recipient for 6 months. 

Interpretation of HAA Test Results     Initially, nnly the CF test was 
used for the detection of HAA and anti-HAA.   The advantages of the 
IEOP test for the detection of HAA, and more recently, anti-HAA, 
soon became apparent, and we began routinely testing all sera 
obtained in this survey by both techniques. 

Experience with the CF test convinced us that modification of the 
classic scheme of reporting results would be ntcassary.   According 
to this modification, there are 5 possible CF ter.t results: 

1. " -< 1:2"   This report indicates that the serum is negative for HAA 
by complement fixation. 

2. " < 1:2"  Tnis report indicates that some (*. 4 U) complement is 
fixed at a serum dilution of 1:2, and that fixation disappears over sub- 
sequent dilutions.  Although this result would be reported as<l:2 ac- 
cording to the classic rules of CF testing, we have encountered such 
a result frequently as the titer of HAA falls during convalescent period 
of HAA positive hepatitis, indicating that HAA is probably present, but 
in an amount too small to fix at least 4 of the 5 units of complement. 
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3 .   " 1:D"    This report Indicates that the serum Is positive for HAA up 
to dilution D (2>D>64). 

4. "PF"    This report indicates that there is a partial fixation of 
complement, the degree of which either rises and falls,   or remains 
constant, over several dilutions.   This result does not reflect very 
low tlter HAA (as does the result " < 1:2", but indicates that the HAA 
present does not react with the antiserum for optimal complement 
fixation.   Most of the sera that yield this result are positive by IEOP, 

5. "AC"   This report indicates that the serum is anti-complementary. 

All sera collected in this survey are now tested for HAA and anti-HAA 
by IEOP, as well as by CF,   IEOP results are recorded as "positive" 
or "negative".  When the precipitin line is very faint, the serum is 
retested until the examiner is satisfied with his interpretation of the 
reaction. 

Classification of a Serum Specimen:   After a serum specimen is tested 
for HAA (and anti-HAA) by CF and IEOP, it is classified as "positive", 
"indeterminatfc'', or "negative" according to the scheme shown in 
Fig. 2.   This scheme also is used when the serum specln en is tested 
by only one method.   If only CF were used, the IEOP result is called 
"negative" in this scheme.   Similarly, if only IEOP were used, the CF 
result is called " < 1:2" and the serum is then classified using the 
same scheme. 

The use of this scheme permits us to minimize false negatives and to 
acknowledge and Identify indeterminate results that could complicate 
the later interpretation of survey finding s. 

Classification of A Recipient: As described above, a recipient is 
classified as RPH, RIH, or RNH according to the HAA status of the 
transfused blood.   The HAA status of a bottle of blood is determined 
by the CF and IEOP tests for HAA performed using serum obtained from 
the donor at the time the bottle of blood was donated.   Thus, the 
status of a unit of blood may be positive, indeterminate, or negative 
for HAA (and anti-HAA).   Consequently, each "active" recipient 
(see Fig.l) can be assumed to one of three categories: 

1. Recipient of blood positive for HAA (RPH): One who has received 
at least one unit of blood positive for HAA. 

2. Recipient of blood indeterminate for HAA (RIH):  One who has 
received at least one unit of blood Indeterminate for HAA and no units 
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of blood positive for HAA. 

3.   Recipient of blood negative for HAA (RNH):  One who has received 
only units of blood negative for HAA. 

Personnel    Nurses from the Department of Medicine work in the 
Blood Bank processing donors Monday through Friday.  A nurse- 
assistant is kept on duty to log in all "type and crossmatch" requests 
and to separate an aliquot of serum from the "type and crossmatch" 
blood sample. 

Public Health nurses from the Department of Epidemiology and nurses 
from the Department of Medicine follow the active recipients.  After 
discharge from the hospital, these nurses visit the recipients at 
home or, in some cases, arrange for the recipient to return to SEATO 
Laboratory for follow-up. 

A nurse and nurse-assistant log In all blood samples generated by 
the survey.   These two workers also separate the serum Into aliquots 
for HAA and liver function tests. 

Six technicians working under the supervision of Dr. Dumrong Chlewsilp 
of the Thai Component perform the CF and IEOP tests for HAA and antl- 
HAA.   Two technicians working under the supervision of Dr. Rapin 
Snithbhan in the Department of Virology perform the IEOP test for HAA. 

Biochemical liver function tests (SCOT, SGPT, total and direct blllrubln, 
alkaline phosphatase, and thymol turbidity) are performed by the staff 
of the Biochemistry Laboratory of the Department of Experimental Patho- 
logy. 

There is one full time data processing specialist who is responsible for 
the transfer of primary data from manually-entered data sheets to 
Hollerith cards for later automatic processing. 

Data Processing     The large number of data transactions and the com- 
plexity of the information flow associated with this survey created a 
need for automatic data processing assistance.  This aspect of the 
survey is described in a separate report. 

PROGRESS: 

Donors      Since 1 March 1971, 7349 units of blood have been deposited 
into the Blood Bank.   Three thousand three hundred nineteen paid donors 
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gave 6367 of these units.   The remaining 982 units came from Red 
Cross sources. 

Comparison of CF and IEOP test results: Figure 3 shows the distribu- 
tion of CF and IEOP results obtained from testing 2571 serum speci- 
mens from blood donors. (In some cases, there were 2 or more sera 
from one donor.) The " < 1:2" and "PF" CF result categories have 
been combined. Based on the scheme of HAA test result interpretation 
described earlier, 10.7% of these sera were positive for HAA, 3.6% 
were indeterminate, and 85.7% were negative. 

Prevalence of HAA in donors;  Table 1 shows the results of testing 
sera from 1322 donors.   Each serum was tested by both CF and IEOP. 

Prevalence of HAA by blood group:   There was no apparent difference 
in the distribution of ABO blood groups between HAA positive and 
HAA negative donors fTable 2).   The HAA indeterminate group was 
not Included In this analysis. 

HAA status and SCOT level:  The distribution of SGOT lovels In 1080 
HAA negative donors and 128 HAA positive donors is displayed In 
Fig.4.   The mean SGOT level of the HAA negative donors was 26.7 
Sigma Units (standard deviation = 7.9) and the median level was In 
the 25-29 Interval.   Twelve (1.1%) HAA negative donors had an SGOT 
level of 70 Sigma Units or more.   The mean SGOT level of the HAA 
positive donors was 32.8 Sigma Units (standard deviation = 10.6) 
and the median level was In the 30-34 Interval.   Seven (5.5%) HAA 
positive donors had an SGOT level of 70 Sigma Units or more.   There 
is a tendency for HAA positive donors to i.ave a slightly higher SGOT 
level than the HAA negative donors.   In Individual cases, however, 
the SGOT level does not discriminate between the HAA positive and 
HAA negative donor. 

Recipients      From March,!971,through March,1972, there were 1929 
requests for transfusion, of which 594 did not receive blood.   Thus 
1335 (69.2%) of the "potential" recipients became "actual^ recipients. 
Of these 1335 patients, 369 (27.6%) received one or more HAA posi- 
tive units.   There were 525 positive units transfused;   $1 patients 
received more than one HAA positive unit.   The maximum number of 
positive units given to a recipient was 14. 
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Pre-transfuslon sera were not available for testing from 86 patients. 
Of the remaining 1843 patients, 133 (7.2%) were positive for HAA 
before receiving any blood;   25 (1.3%) were positive for anti-HAA by 
CF testing.    This prevalence of HAA in the serum of 111 patients 
requiring a transfusion is similar to the prevalence In an urban popula- 
tion of Bangkok (see Huay Khwang report) and in the donor population, 
ooth presumably healthy groups of people. 

At the time of this report (April 1972)   123 patients have been followed 
for at least ten weeks (Table 3).   Seventy-nine patients received at 
least one unit of HAA positive blood (RPH group) and 44 patients 
received only negative units of blood (RNH group). 

Recipients of HAA positive blood (RPH):   For purposes of analysis, 
three patients with a pre-transfuslon sera positive for HAA and two 
patients positive for anti-HAA were excluded, leaving 74 patients for 
consideration.   There were 42 (57%) males and 32 (43%) females in 
this group.   The mean age overall is 35.4 years and median age, 
34.0 years. 

The most frequent diagnoses in the group receiving positive units were 
trauma (30%), followed by obstetric and gynecologic disorders (16%), 
gastrointestinal disorders (13%), carcinoma (12%), hematological 
problems (8%), and liver disease (3%).   There were 6 deaths in the 
RPH group. 

Patients in this group received a mean of 8.8 units of blood, females 
averaging 6.0 units and males 10.9 units. 

Thirteen of the 74 recipients in the RPH group developed detectable 
HAA in their sera following transfusion.   Of these 13, 6 were antl- 
genemic without convincing biochemical or clinical evidence of 
hepatitis (Fig.5), 6 had anlcteric hepatitis (Fig.6), and 1 had icteric 
hepatitis (Fig.7),   HAA became detectable from 1-98 (median 21)days 
after receipt of the first blood containing HAA.   In 6 recipients,   HAA 
has continued to be detectable 41 to 231 days after receipt of the 
initial positive unit.  Antigen- mia has continued longer than 15 weeks 
in 4 of these patients.   There are no cbvious differences in sex, age. 

Anti-HAA data in this report result from the OF test only.   IEOP 
results for anti-HAA are not used. 
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number of units received, tlters of units received, blood group, or 
SGOT-levels between those recipients persistently antigenemic and 
those antigenemic for only a short time. 

Twenty-two recipients developed anti-HAA between 1 and 54 days 
(median 7 days) after receipt of the first blood containing HAA. Anti- 
HAA was detectable for a short time in 19 recipients.   In the other 3 
recipients, antibody has remained detectable throughout the follow- 
up period, 49, 64, and 68 days after it was initially detected.   The 
remaining 40 members of the RPH group developed neither HAA nor 
anti-HAA.   Although none of these 62 recipients (the 40 that develop- 
ed neither HAA nor anti-HAA and the 22 that did develop anti-HAA) 
developed detectable HAA, 5 had JGOT levels greater than 90 Sigma 
Units sometime during follow-up.   In 4 of those, the SGOT elevation 
was associated with a OF antibody response, raising the possibility 
that an immune response may play a role in mediating hepatic cel- 
lular necrosis.   The recipient record in Fig.8 represents such a case. 

Recipients of only HAA negative blood (RNH): Forty-four recipients 
in this category have been followed for at least 10 weeks, 26 (59%) 
females and 18 (41%) males. The mean age over-all is 35.6 years 
with a median age of 34.5 years. The predominance of females and 
their younger age is likely due to the input from the obstetric and 
gynecologic service. On this service the patients tend to be young 
and usually do not require multiple transfusions. 

Diagnoses in this category (RNH) of recipients, in contrast to the 
RPH group, Included a larger proportion of obstetric and gynecologic 
disorders (48%) and a smaller proportion   * traumatic injuries (11%). 
The percentages for the other diagnos     ace essentially the same as 
in the RPH group. 

Patients in the RNH group received a r. ean of 2.7 units of blood 
(males, 3.1;   females, 2.4). 

None of the recipients in the RNH group developed detectable HAA 
during follow-up, and only 3 have had an SGOT level greater than 
90 Sigma Units.   Only one of these appeared to have acute hepatitis. 
Another had cirrhosis and jaundice.   The elevated SGOT level ( 98 
Sigma Units) in the third was unexplained. 
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TABLE   3 

Active Recipients Followed Ten or More Wee<s 

942 

RPH RNH 

74 (100%) 
42 (57%) 
22 (43%) 

44 (100%) 
18 (41%) 
26 (59%) 

35.4 35.6 

32.5 
39.2 

37.1 
34.7 

Number of patients 
Males 
Females 

Mean age 

Males 
Females 

Medianage 34.0 34.5 

Males 24.5 39.0 
Females 40.5 33.0 

Units per recipient 8.8 2.7 

Males 
Females 

Developed detectable HAA 

Males 
Females 

Developed detectable anti-HAA 

Males 
Females 

10.9 
6.0 

3.1 
2.4 

13 (18%) 0 

6 (14%) 
7 (32%) 

0 
0 

22 (30%) 0 

12 (29%) 
10 (45%) 

0 
0 
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Figure   2 

Scheme Used to Derive A Consensus Result 
from CF and IEOP Results 

IEOP Result: 

CF Result: 
< 1:2 

<1:2 

PF 

1:D 

AC 

p N 

p I 

p I 

p P 

p I 
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P    =    positive 

I    =   indeterminate 

N   =    negative 
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Comparison of the Sensitivity of Complement Fixation (CF) Test and 
Immunoelectroosmophoresls (IEOP) for Detection of Hepatitis B 

Principal Investigators: Rapin Snltbhan, M.D. 
Oumrong Chiewsilp, M.D. 
Franklin H. Top, Jr., M.D. 

BACKGROUND:    Of the many tests described to deteci. HB Ag in human 
serum, three-Agar gel diffusion (AGD), CF and lEOP-have been used 
in this laboratory.   This report compares the sensitivity of the 3 tests 
in detecting HB Ag in the serum of Thai blood donors and recipients. 

METHODS:    Sera tested were obtained from blood donors and recipients 
in a study earlier described in this report or from patients with hepati- 
tis.   Details of methods of AGD, CF, and IEOP tests were described 
In last year's Annual Report. 

PROGRESS:    Table 1 compares the results of CF and IEOP tests for 
detection of HB A'  in human serum.   Of the 3445 sera tested, IEOP 
detected HB Ag In 369 (10.7%).   By CF, 216 sura (6.2%) were positive 
for HB Ag (positive equals complete fixation at S 1:2 serum dilution) 
or 306 sera (8.9%) If partial fixatlor. reactions are deemed to reflect 
antigen.   Relatively good agreement between CF and IEOP results 
were evident in sera with complete fixation, except for sera with low 
CF titer (2-4).   The occasionally negatives by IEOP in sera contain- 
ing antigen at > 1:32 was usually due to a prozone affect;   dilution of 
such sera to 1:4 gave positive IEOP reactions. 

The principal difference in the sensitivity of the tests was manifest 
in sera giving partial fixation.   Approximately 3% of all sera tested 
gave such reactions and 90% of these were  IEOP positive.    Reasons 
for the partial-fixation reaction in these sera,   many of which contain 
large amounts of antigen by titration In IEOP,  is uncertain;  the pos- 
sibility that such sera contain antl-HB IgM antibodies which block 
ccmplement-fixation by the immune antisera used in the CF test or 
contain principally immunocomplexes of HB Ag with saturated antibody 
or complement sites is intriguing.   In any case, sera giving partial 
fixation account for about 25% of IEOP positive sera encountered in 
Bangkok. 

Strong AGD reactions were generally found only in sera that were IEOP 
positive with CF titer t 32.   IEOP positive sera with undetermined CF 
reaction or partial fixation generally gave weak or no preclpltlns in 
AGD. 
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Table 1.   Comparison of CF and IEOP tests In detection of HB antigen 

CF Tlter Sera Tested 
(No.) 

negative (<2) 3008 

2-4 20 

8-32 72 

>32 124 

undetermined 131 

partial fixation 90 

IEOP Positive 
(No.) 

66 

11 

69 

115 

27 

81 

IEOP Negative 
(No.) 

2942 

9 

3 

9 

104 

9 
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An Automatic Data Processing System fci the Blood Bank Project 

Investigators: Robert B. Cotton, MAJ, MC 
David Londe 
Ronald Campbell, SFC 
Michael W. Benenson, CPT, MC 
Nitaya Kanchanawan 
^havom Sa-nguandeJ 

DESCRIPTION:    The Blood Bank Project had been underway for only 
several months when it became apparant that the volumlnlously 
accumulating data was beginning to saturate the existing manual 
system of record keeping.   In 3 months, over 200f, donors and almost 
700 recipients had been enrolled in the survey.   Several thousand 
data transactions were occurring each week in the process of keeping 
the donor and recipient records up to date. 

Figure 1 is a schematic illustration showing the data pathways 
required to create and maintain the donor and recipient records.   The 
donor master file (DMF) and recipient master file (RMF) are files of 
records describing each blood donor and recipient and the events that 
happen to then.   The laboratory result file (LRF) contains results of 
laboratory tests performed on blood specimens from donors and 
recipients.   The black boxes represent the laboratory.   A DMF or 
RMF record is created when a donor or recipient is first encountered 
(double solid lines).   As laboratory results become available, these 
entries are added to the DMF and RMF records (sclid lines). As new 
events happen to the donors (additional donations) and to the recip- 
ients (transfusion, death, discha.'ie, laboratory test request, etc), 
tne master files are revised (double broken lines).   A blood trans- 
fusion relates a donor to a recipient, leading to an exchange of 
information between that recipient record in the RMF and that donor 
record In the DMF (single broken lines).   When manually maintained, 
the nature of this data flow limited the recorders access to the data 
sources and object records, creating numerous prob   ms, for the 
investigators had to compete with the recorders for   .ady subjects' 
records, compromising our ability to monitor the study.   The success- 
ful execution of the project was being threatened by this sluggish and 
unwieldy system of manually kept data files.   Thus, in August, work 
was begun on an automatic data processing system for the maintenance 

Contracted by Advanced Research Projects Agency 
U.S. Department of Defense, Bangko) , Thailand 
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of the donor and recipient master files. 

PROGRESS:    This automatic data processing system has been opera- 
tional since March, 1972.   Figures 2 through 5 show how tir? 
system works.   Data generated by the study is entered manually 
into 5 types of data sheets suitable for direct key-punch transcrip- 
tion to data cards (Figure 2).   The resulting 5 types of data cards 
are then used to revise the donor and recipient master files, which 
are kept on magnetic tape.   In addition to the magnetic tape output 
containing up-to-date donor and recipient master files, there are 
several kinds of printed output (Figure 3).  A copy of each revised 
donor record and each revised recipient record is printed.   An inven- 
tory of the recipient population is listed .   Finally, data errors that 
the system encounters are listed.   Listings of the DMF and RMF are 
kept in bound volumes.   The volumes are kept up to date by replac- 
ing obsolete records with revised records (Figures 4 and 5).   The 
master files are revised twice a week.   Facsimiles of printed 
recipient records are shown in Figure 5-8 in the report "Observations 
of HAA in A Blood Donoi/Reciplent System in Thailand". 

Not yet operational 
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Walter Reed Amty Institute of Research 

"* Washington, DC 200^2 

Buescher. COL E. L. 
202-576-3551 

US Amy Medical Component, SEAT0 

Bangkok, Thailand 
MIHCIPU. l*VMmATON )*—** IM« "Vt. * 

"""■•   Altst 
TiiintONii 

MCIAL HCUIHTV AtXeUHT ltMIMN> 

ftMOCUTl INVUn«ATOM 

M'cMInn, CPT M. T. 

aifi^iWJILwiA^iBJl^wl^jgjctep^! Diseases; ('jlMvcoflc Diseases; iu;5outneast 
toÜU (u>D1«rrhMi fu^Pnemonlai (UWenereal Diseases; (UlVlbrlo para; »»awolytlcus 
» nONmCMi MJMTIVI.* M tfPWACM.   M MMMH (***>**> **•**■* *—**• MMW^ % MMktf. MM* * M« ./ MM M« M«*.',   --*««WM«M CM*.; 

23. (U)   To identify bacterial and mycotlc diseases of military Importance In Southeas 
Asia and to provide Information to aid tn the diagnosis, treatment, and control of the 
diseases. 

24. (U)   Diseases occurrence Is certified by clinical and laboratory methods.   Where 
relevant, long term surveillance of a population for occurrence of particular bacterial 
or nycotic diseases is instituted.   Variables affecting transmission and virulence are 
studied in vivo and ^n vitro. 

25. (U)   7107-72 06   The potential enteric wdiystemlc pathogenic bacteria. Vibrio 
parahaemolytlcus has been demonstrated to occur throughout the year in the sea waters 
and sea foods of Thailand.   Characteristics regarding the probable pathogenicity of V. 
parahaewolyticus appear to differ from isolates from temperate areas.   Clandestine use 
of unprescrlbed antibiotics by promiscuous females has no effect on frequency of 
infection with «eisseria gonorrhea.   Cultures from 148 penile lesions resembling soft 
chancr« of Clostridlum tetani will remain dormant in the leg muscle of mice for 2 
months before germinating and causing clinical tetanus after subsequent inoculations of 
Stanhylococcus aureus.   For technical reports see Halter Reed Army Institute of 
Research Annual Progress Report 1 Jul 71-30 Jun 72. 
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Vibrio parahaemolvtlcus in Thailand 

Principal Investigator: 

Associate Investigators: 

M. TaImage M'cMinn, CPT, MSC 

Chanphen Srimunta, B.Sc. 
Mallika Meksupa, B.Sc. 
SFC Joe D. Worsham 

OBJECTIVE:     To determine the characteristics and occurrence of 
Vibrio parahaemolvticus in Thailand. 

BACKGROUND:     Vibrio parahaemolvticus . a gram negative, halophllic 
bacillus was first reported In Thailand in 1970 by the SMRL.   Since that 
time, much attention has been brought to bear on this bacteria's import- 
ance as a cause of gastroenteritis in Thailand.   In one hospital near 
Bangkok, this organism has been recovered from up to 25% of the adult 
patients reporting to that facility with diarrhea.   This figure compares 
with a recovery frequency at that hospital of only 15% of Salmonella spp. 
and Shigella spp. combined.   Other reports have indicated that sea foods 
from Thailand served to tourists on international flights have harboured 
V. parahaemolvticus  and caused outbreaks of diarrhea and gastroen- 
teritis among the passengers. 

The department of bacteriology and mycology has directed its attention 
to refining certain characteristics of the bacteria, to demonstrating the 
continued occurrence of V. parahaemolvticus in Thai sea waters and sea 
fisn throughout the year, in investigating the Kanagawa phenomenon of 
this bacteria, and in searching for a model of pathogenicity.   Additional 
effort was expended in a survey of American tourists presenting with 
diarrhea to a dispensary in a transient billets, in determining antibiotic 
sensitivity profiles of various Isolates of V. parahaemolvücus , and in 
determining the frequency of isolation from Thai pediatric patients with 
diarrhea.   A report on a possible model of pathogeny and on the occur- 
rence of this bacteria in pediatric diarrhea is presented elsewhere In 
this annual report. 
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PROGRESS; 

CHARACTERISTICS     Vibrio parahaemolvtlcus was idenüfied In this 
laboratory by the biochemical and morphological reactions and appear- 
ances reported in the 1971 SMRL Annual Report.   Extensive serology 
was attempted using 52 antisera from Japan, however many of the 
isolates from Thailand remain untypeable.   Of a randomly selected 100 
isolates from human diarrhea cultures, 77 were typeable.   Only 50% of 
our isolates from natural sources are typeable.   In addition to reactions 
previously reported, characteristics in arginine, omithlne and lysine 
decarboxylase media have been noted.   Typical reactions in our labo- 
ratory reveal that 100% of the Isolates failed to decarboxylate arginine, 
79.5% exhibited a decarboxylase activity to omithlne and 98.3% were 
capable of decarboxylating lysine. 

Our experience has also noted a need for a careful standardization of 
methods used to determine the halophilism character of these organisms. 
One procedure, that of inoculating test tubes of alkaline peptone water 
(APW) plus varying amounts of NaCl from KIA tubes with 3% NaCl, 
resulted in a very high percentage of strains growing at 10% NaCl.   This 
characteristic (growth in APW with 10% NaCl) is Important as it can 
often be used to determine the species of other halophillc organisms 
often associated with^. parahaemolvtlcus. 

Other tests have Indicated that numerous strains of V. parahaemolvtlcus 
can survive,' i.e., be recovered when subsequently streaked on TCBS 
agar, 18-24 hours at 37C in APW with up to 20% NaCl.   If halophilism 
is measured in this manner - recovery from the test media, then numerous 
strains would be erroneously classified.   Our data Indicate that there 
is seldom any growth (increase in number of organisms/ml of media) at 
these Increased concentrations of NaCl. 

Part of the literature fails to mention the use of shaking in testing for 
halophilism.   Our findings indicate that of 60 representative strains in 
APW with 10% NaCl, 34 demonstrated increased turbidity after 18 hours 
at 37C In a shaking machine.   Only 10% of the 60 strains could produce 
turbidity after 18 hours at 37C without shaking. 

Our results are presently reported as measurements of density in 15mm 
screw cap test tubes containing 5 ml of APW with 0%, 3% , 7% , and 10% 
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NaCl.   These tubes are Inoculated with 1 loopful (3 mm loop) ofinocula 
from a 24 hour culture in APW plus 3% NaCl at 37C.   Tubes are then 
shaken in a 37C water bath for 18 hours and turbidity is visually 
determined on a 1+ to 4+ scale, 

OCCURRENCE :     Japanese investigators have reported that V. para ha e- 
molvticus is only rarely found in sea waters and sea foods during the 
winter months.   This fact is probably responsible for the up to 70% of 
summer diarrhea in that country being attributed to this organism. 
Reports from Viet Nam have also indicated a lower frequency of recover 
in the winter months. 

In order to determine if there Is a fluctuation or an absence of V. para- 
haemolvtlcus in Thai sea water or sea foods throughout the year, 
monthly surveys were conducted during the past year by personnel of 
SMRL.   These surveys consisted of obtaining samples of sea water near 
the shore line, sand from the shore, and sea fish (mollusks, shrimp, 
crab, and fish) from local markets.   Cultures of fish pastes and sauces 
that are often used in Thai foods, were all negative forV. parahaemo- 
Ivtlcus.   All of the study sights were near populated areas and the 
markets are used daily by housewives for purchasing sea foods.   Figure 
1 presents the data collected since October 1970.   The quantity of 
specimens examined is represented at the left with the shaded portion 
of the columns depicting those specimens with V. parahaemolvticus. 
During thd first winter that the survey was conducted (Dec 1970; Jan, 
Feb, 1971) only random samples were collected.  The specimens for 
January 1971, for example, Included 65 sand and sea water samples - 
only 23 of which were positive.   In February 1971 only 12 shrimps were 
examined.   More control was exercised in the winter of 71-72 with more 
uniformity of specimens obtained.   These data appear to indicate that 
there is no decrease in the frequency of recovery of V. parahaemolvticus 
during those winter months. 

Table 1 shows the distribution of Isolates during the past 12 months 
from natural (isolates from sources other than human) sources.   It is 
evident that recovery is more uniform in sea foods than from sand and 
sea water.   Counts of V. parahaemolvticus   in sea water obtained along 
populated shore lines have been between '0,000 and 100,000 organisms 
per ml.    Sand specimens were especially more varied.   We suspect this 
variation is due to water content of the sand as drier sand specimens 
usually resulted in fewer positive cultures of V. parahaemolvticus. 
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Kanagawa Phenomenon: 

In 1969, Mlramoto and his colleagues reported that strains of V. para- 
haemolvticus Isolated from natural sources failed to haemolyze blood 
in a special media.   In their laboratory, only 0.5% of isolates from sand, 
sea water, and sea fish haemolyzed red blood cells while 91% of their 
isolates from human diarrhea patients exhibited haemolysis.   This 
special media, Wagatsuma agar, is made without heat sterilization and 
contains 5% washed human (group O) or rabbit blood cells.   This haemo- 
lysis is termed the Kanagawa phenomenon and has been closely asso- 
ciated with pathogenicity because of the above findings. 

Isolates of V. parahaemolvticus obtained from natural sources in 
Thailand do not behave on Wagatsuma agar as do Japanese isolates. 
Using media made with either rabbit blood cells or human group O cells 
(blood is washed three times with normal saline and then reconstituted 
to its original volume with normal saline), this laboratory found that 
most Thai isolates from either human or natural sources were haemolytic. 

One hundred twenty-eight isolates from human diarrhea cultures were 
examined as were 140 from natural sources.   Table 2 presents the find- 
ings of these experiments.   Figure 2 compares this data to that reported 
from Japan. 

The organisms in Japan were tested against rabbit blood cells.   Later, 
personal communication with Dr. R. Sakazaki suggested that we use 
only human blood in the Wagatsuma agar.   Our data reveal that the 
bacteria from Thailand continued to demonstrate haemolysis in human 
blood. 

Recovery "f ^ jgraiiflftißnlvtiniis fr"m American Tourists: 

A survey was conducted it a transient billets (Ghao Phya Hotel) in 
Bangkok to determine the frequency of recovery of V. parahaemolvticus 
from Americans with diar-hea temporarily residing at that facility.   Most 
of the persons presenting to the dispensary located in the hotel were 
visiting Bangkok for fever than 5 days.   Most had been in the city for 
less than 2 days.   All test subjects and controls were adult and more 
than 85% were male.   This facility was selected as a study site because 
it wr - felt that transients would be less like!. to carry their own medi- 
cation and treat themselves as do many long term residents of Bangkok. 

96 G 



Rectal swabs were obtained from the patients, placed in Cary-Blair 
media immediately, and Inoculated onto TCBS agar plates within 6 hours, 

Table 3 shows the results of this study.   It is noted that 5.6% of the 71 
cases studied had V. parahaemolvticus while 4.2% had Salmonella 
species and only 1 of the 71 had Shiqella sonnei isolated from the 
dlarrheal stool.   Seventeen American nationals seen at the dispensary 
for cuts or abrasions were used as controls.   Their histories were 
identical to those patients with diarrhea.   None of the 17 control 
specimens revealed any pathogenic enteric bacteria from stool cultures. 

Antibiotic Sensitivities of Various Strains of V. 

Numerous strains of V. parahaemolvticus were tested for sensitivities 
against several commonly used antibiotics.   The organisms were grown 
in BHIB with 3% NaCi at 37C for 20 hours and then seeded onto trlp- 
ticase soy agar plates.   Antibiotic discs were placed on the Geeded 
plates and sensitivity was indicated by zones of inhibition around the 
discs. 

The organisms were divided into groups according to their haemolysis 
on Wagatsuma rabbit blood agar and the source from which the bacteria 
were obtained.   Group I are strains that are haemolytic, group II are 
non-haemolytic, group III from human diarrhea, and group IV from 
sources other than human diarrhea (natural).   The results of this study 
are presented in Table 4. 
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TABLE   1 

Results of a Twelve Month Survey of Natural Sources for Vibrio para- 
haemolvtlcus   in Thailand. 

No. of specimens harbouring} /ibrio parahaemolvticus/No. of specimens examinee 

Month Sand & Sea water Mollusks Fish Crab Shrimp 

March 71 0/0 16/18 18/19 9/10 0/0 

April 0/0 14/25 14/20 14/14 20/30 

May 0/0 13/15 10/20 5/5 7/10 

June 25/68 3/10 9/10 5/5 9/10 

July 10/29 iC/10 8/10 5/5 10/10 

August 27/34 10/10 10/15 6/15 10/10 

September 4/5 9/10 14/17 8/8 10/10 

October 11/19 3/10 9/11 7/8 9/10 

November 20/26 16/30 8/10 5/5 10/10 

December 9/20 4/10 9/15 5/5 10/10 

January 72 14/20 8/10 8/10 5/5 9/10 

February 7/20 10/10 7/10 5/5 9/10 

March 11/20 7/10 9/15 5/5 8/10 i 
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TABLE   2 

Kanagawa Phenomenon of Human and Natural Isolates 
of V. parahaemolvtlcus 

Organisms from: 

Haemolytlc on Wagatsuma agar with: 

Human blood Rabbit blood 

Number % Number % 

Human sources (128) 126 98.4 124 96.8 

Natural sources (140) 129 92.1 122 87.1 

TABLE   3 

Enteric pathogens isolated from American Nationals with diarrhea 
from  29 October 1971 to 15 February 1972 

Number of 
Specimens 

Number of 
patients 

Salmonella 
spp. 

Shigella 
spp. 

Vibrio para- 
haemolyticus 

71 71 3 1 4 
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TABLE   4 

Sensitivity patterns of Vibrio parahaemolvticus against various antibiotic 
discs. 

Antibiotic Group # of strains 
tested 

Percent 
inhibited 

penclllin                  10 units I 
II 
III 
IV 

67 
10 
36 
41 

14,9% 
50.0% 
22.2% 
17.0% 

streptomycin             5 meg I 
II 
III 
IV 

129 
10 

98 
41 

35.6% 
100.0% 
46.9% 
24.3% 

tetracycline            10 meg All groups 394 100.0% 

chlorfcmphenlcal     10 meg All groups 394 100.0% 

Neomycin                 10 meg All groups 394 100,0% 

Kanamyein               10 meg All groups 394 100.0% 

Colimycin                  5 meg I 
II 
III 
IV 

187 
10 
98 
99 

92.5% 
80.0% 
93.8% 
89.8% 

Ampicillin                10 meg I 
II 
III 
IV 

187 
10 
98 
99 

32.6% 
40.0% 
44.9% 
21.2% 
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TABLE   4 (Cont.) 

Antibiotic Group 
# of strains 

tested 
Percent 

inhibited 

Septrln 25 meg All groups 394 100.0% 

Furazolldone 150 meg All groups 394 100.0% 

Gantrisln 1.0 gm All groups 394 100.0% 

DISCUSSION;     Data obtained in this laboratory indicate differences in 
V. parahaemolvticus isolated from Thailand's oceans and those organisms 
from Japan.   Japanese bacteriologists continue to base pathogeny on the 
Kanagawa phenomenon and thus claim that natural sources are non-patho- 
genic.   Our study of Thai natural isolates indicate that these strains are 
haemolytic and indistinguishable from those found in diarrheal stools. 
Our work with the infant rabbit does appear to have some indication that 
natural isolates may be somewhat less pathogenic (possibly less invasive) 
than isolates from human diarrhea.   This Hata is not however, as dramatic 
as the Japanese haemolysis data. 

One preliminary experiment conducted in this laboratory may indicate 
that the haemolytic character of this bacteria may change after several 
successive passages through animals.  Another finding, that 100% of the 
non-haemolytic strains are sensitive to streptomycin while less than 50% 
of the haemolytic strains exhibited this sensitivity, may lead to another 
possible model of pathogenicity. 

Certain characteristics of the oceans from which the organisms are obtained 
may be responsible for some of the differences.   Some of our findings 
suggest that the strains we isolate near populated areas are from fecal 
contamination.   If the organism is physiologically altered by passing 
through an animal and then dumped back into the ocean, many of our 
findings would be explained.   We are currently examining this and 
other theses. 
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Vibrio parahaemolvtlcus In Pediatric Outpatient Diarrhea Patients 

Principal Investigators: 

Associate Investigator: 

M. Talmage M'cMinn, CPT, MSC 
Michael W. Benenson, CPT, MC 
Richard A. Grossman, LTC, MC 

Chiraphun Duangmanl, M,D, 

OBJECTIVE:    To determine the frequency of isolation of V. parahaemo- 
lvtlcus from diarrhea patients seen in a pediatric outpatient department. 

DESCRIPTION:    A large proportion of Bangkok pediatric outpatients 
present with diarrhea as the major or exclusive symptom ,   The large 
majority of these children are treated symptomatically; stool cultures to 
determine the etlologic agent are usually not attempted.   In an attempt 
to determine whether V. parahaemolvtlcus might be etiologically related 
to at least some of these diarrhea episodes, all pediatric patients with 
diarrhea as the major symptom seen at the Bangkok Children's Hospital 
outpatient clinic between 27 January and 15 March 1971 were included 
in the survey.   The survey was ended when 100 patients were studied. 
Age (within 8 months) and sex-matched controls were selected for each 
diarrhea patient.   Control diagnoses were usually upper respiratory 
infections; patients with G-I complaints were not selected.   A group 
of 3 4 pediatric hepatitis patients seen during this time, who were being 
investigated as part of a study of Hepatitls-Associated-Antlgen (HAA), 
were also Included in this survey.    All patients were Interviewed, using 
a standardized questionnaire form, and rectal swabs were obtained which 
were cultured for V. parahaemolvtlcus. 

PROGREgS:    Table 1 presents the distributions by age and sex of the 
diarrhea patients and controls.   Ninety percent of the patients were 
under 6 years of age and V. parahaemolvdcus  was not isolated from any 
of these 180 children.   One Isolate was obtained from an 11 year-old 
male patient with diarrhea and a 7 year-old male control.   Both Isolates 
were untypeable.   In addition, one isolate (type K-30), in an 8 year 
female, was obtained from the 14 hepatitis cases followed. 

Diarrhea patients and controls both gave a similar history of fish 
Ingestion: 3/4 ate fish at least once a month; 1/2 ate fresh fish; 1/3 ate 
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salt-water fish; and less than 5% ever ate shellfish.   No child gave 
a history of eating uncooked fish.   In addition, fish sauce with peppers 
is a universal flavoring agent at all Thais meals, but the sauce is 
derived from cooked fish.     Unlike the situation in various parts of 
Thailand, in Bangkok the use of various shellfish (mostly shrimp) pastes, 
which may be made from uncooked or partially cooked ingredients, is 
not common.   The results of this survey indicate that there is no 
evidence that V.   parahaemolvticus  is associated with clinical diarrhea 
in young children, at least in the dry months January, February, and March. 

Table 1 

Age and Sex Distribution of Diarrhea Patients 
and Controls and V. parahaemolvticus Isolates 

Diarrhea Patients Controls 

Age Male Female Total V.para. Male Female Total V, para. 

1 29 11 40 0 28 11 39 0 

2 15 11 26 0 15 11 26 0 

3 4 11 15 0 5 12 17 0 

4-5 7 2 9 0 7 1 8 0 

6-12 7 3 10 1* 7 3 10 1* 

TOTAL 62 38 100 1 62 38 100 1 

* Untypeable strains, 
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The Infant Rabbit as a Model of Pathogeniclty for Vibrio parahaemolvticu^ 

Principal Investigators: Udom Lexomboon, M.D., Ph.D. 
Chlraphun Duangmanl, M.D 
M. Talmage M'cMlnn, OPT, MSC 

OBJECTIVE :     To determine If the Infant rabbit could be used as a model 
for tef ting the possible pathogeniclty of various strains of Vibrio para- 
haemolvtlcus. 

BACKGROUND :     The haemolytlc activity of Vibrio parahaemolvtlcus on 
a special human or rabbit blood agar (Wagatsuma agar) is the primary 
biochemical property currently being used to determine the virulence of 
this organism.   It is generally recognized that this organism does not 
produce a disease in laboratory animals resembling that In man.   This 
laboratory has attempted to demonstrate pathogeniclty of V. parahae- 
molvtlcus in adult rabbits, mice, monkeys, and gibbons and has not 
beon able to obtain consistent results in any of these animals.   The 
infant rabbit model has been used successfully in some pathogenic 
studies of V. cholera and preliminary investigations In this laboratory 
i idlcated that it was free of Coccldioides SPP. which had Interfered 
with our work in adult rabbit Intestinal loops. 

DESCRIPTION:   A preliminary study indicated that the stomach contents 
of the infant rabbit markedly affected the response of the animal to 
inoculation of the halophillc V. parahaemolvtlcus.    In feeding experi- 
ments, it was noted that in animals fed one ml. of an isolate obtained 
from a human diarrhea patient, the response was more pronounced after 
the animal's stomach had been purged with normal saline.   This stomach 
washing technique often resulted in trauma to the small animal and we 
were often unable to insure the dosage of bacteria fed to the animal. 

To overcome the disadvantages of such procedures, an intra-Intestinal 
Inoculation technique was developed.   Infant rabbits, weighing 100-150 
grams, were anaesthesized with ether and a snail Incision was made in 
the washed anterior abdominal wall.  The ileum was withdrawn through 
the sterile incision.   One ml. of test material was then carefully injected 
into the lumen of the ileum.   The intestine was not tied nor traumatized. 
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A 27 gauge needle was used to inject the test material and extreme care 
was taken to Insure that no leakage of the Inocula occurred.   After care- 
fully returning the intestine to the peritoneum and closing the abdominal 
wall, the animals were deprived of food and water and closely observed 
for death, diarrhea, or any illness.   Animals were sacrificed at 24 hours 
after the procedure.   Cultures for V. parahaemolvticus were then made 
from the heart blood, small intestine, and large intestine.   Necropsy was 
performed on all animals.   A group of three animals was used for each 
test material.   Controls were injected with sterile, fresh media. 

Preparation of the Inocula:    Selected stock cultures were cultured on 
thiosulfate-citrate-bile salts-sucrose (TCBS) agar plates.   A single 
colony was picked and inoculated into 20 ml. of brain-heart-infusion 
broth (BHIB) with 3% NaCl.   This culture was incubated for 16-18 hours 
at 37C.   One ml. of the broth culture containing approximately 107-108 

cells was used in the intra-lntestinal injection.   Cell free filtrates of 
usea media were prepared by picking one typical colony of V. parahae- 
molvticus and inoculating it into 15 ml. of BHIB with 3% NaCl and 
incubating at 37C for 16-18 hours.   The cells were then removed by 
centrifugation and membrane filtration at AC.   The cell free supernatant 
was then checked for sterility and dialyzed against a saturated sucrose 
solution for 24 hours at 4C.   The final concentration of the dialyzed 
solution was one-fifth of its original volume. 

RESULTS;     Twenty strains of V, parahaemolvticus isolated from patients 
with acute gastroenteritis and 9 strains obtained from natural sources 
(sea water,sand, sea foods) were used as cell broths to test for patho- 
genesis in infant rabbits.   Data obtained from our experiments are 
presented in Table 1. 

Control animals inoculated with BHIB with 3% NaCl failed to demon- 
strate any of the characteristics noted in the table.   Diarrhea (frequent, 
watery stocls) occurred in 30.3% of those animals Inoculated with 
isolates from human diarrheal stools while only 15.1% of those animals 
inoculated with natural Isolates demonstrated any symptoms of acute 
diarrhea.  Animals inoculated with human isolates had large amounts 
of fluid and gas in the large intestine in 83.3% of the animals tested 
and in the small Intestine in 36.4%.   Almost one half (48.5%) of the 
animals inoculated with natural isolates had fluid in the large Intestine 
and 18.2% had small intestines grossly distended with fluid and gas. 
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Table 2 shows the results of postmortem cultures onto TCBS agar from 
the infant rabbits.   Cultures from the peritoneum revealingy. p^raha^- 
molvticus were used as evidence of leakage of the inocula from the 
intestine.   These aninals are not included in this report.   All animals 
that died had positive heart blood cultures of V. parahaemolvticus . 
These data indicate    at those Isolates of the organism from human 
diarrhea appear to be more adapted to survival in the animal intestine 
than those from natural sources. 

Table 3 shows the results of intra-intestinal inoculation with concen- 
trated cell-free used broth.   It is clear that this filtrate, In which 
V. parahaemolvticus was grown for 16-18 hours, contains some toxic 
substance(s) which caused 50% of the inoculated animals to have 
positive symptoms of acute diarrhea ,   80% of the animals Inoculated 
with filtrate from human isolates of the organism had gross fluid and 
gas in the large intestine.   17 of the 35 animals had fluid and gas in 
the small intestine.   All postmortem cultures of heart blood, small and 
large intestine were negative, as were specimens of the inocula that 
were cultured at the time of injection.   While we note that the broth 
control produced gas in the large intestine of 4 animals, the reaction 
was not so pronounced nor as frequent as with the used broth. 

DISCUSSION :     After numerous attempts to demonstrate pathogenicity 
of V, parahaemolvticus in a variety of ways, these results indicate that 
the infant rabbit ileum may be an acceptable model for additional research. 
Japanese investigators, basing their work on haemolysis on Wagatsuma 
media (the Kanagawa phenomenon), have suggested that Isolates from 
natural sources are not pathogenic.   In our hands, the Kanagawa 
phenomenon has been rather universal in all strains isolated in 
Thailand (see elsewhere in this report).   This has left us without an 
acceptable method of distinguishing pathogenic and non-pathogenic 
strains, an important factor in any epidemiological study we may under- 
take.   Attempts to demonstrate pathogenicity by use of the Dl Test in 
adult rabbits were extremely erratic due to the rather universal con- 
tamination of the rabbits with Coccidioides SPP.   We continue attempts 
to feed the organism to monkeys and gibbons but usually cannot even 
recover the organism from the stool.   No primate has evar developed any 
symptoms of diarrhea. 

These data appear to demonstrate thaty. parahaemolvticus isolated 
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from natural sources does not have the pathogenic properties that 
Isolates obtained from human gastroenteritis specimens have.   Results 
of cultures after intra-intestinal inoculation of the organisms suggest 
that natural isolates may not be as invasive as isolates from 
diarrheal stools.   Additional studies into these findings continue. 
These data raise epidemlologlcal questions regarding the source of 
humin infection that will have to be answered by additional studies. 
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TABLE   1 

Observations of Infant Rabbits Inoculated with V, parahaemolvticus Cells 

Source of 
Oiganlsm 

Animals 
Tested 

Observation 

Death * Diarrhea 
Fluid in 

Ldrge Int. 
Fluid in 

Small Int. 

Human 
lsolate(20) 66 14 20 55 24 

Natural 
isolate(9) 33 6 5 16 6 

* within 24 hours 
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TABLE   2 

Rasults of Postmortem Culture of Infant Rabbits Inoculated with 
V. parahaemolvticus Cells 

Source of 
Organism 

Animals 
Tested 

Positive Cultures From: 

Heart 
blood 

Small 
intestine 

l 
Large 

intestine 

Human 
isolates 

(20) 
66 16 59 64 

Natural 
isolates 

(9) 
33 6 14 24 

.TABLE   3 

Observations of Infant Ral bits Inoculater' with Cell-free Concentrate 
of V, parahaemolvticus cultures 

Source of 
organism 

Animals 
Tested 

Observation 

Death * Diarrhea 
Fluid in 

Large Int. 
Fluid in 

Small Int. 

Human 
isolate (6) 35 1 17 28 4 

Natural 
isolate (2) 6 0 3 4 

l 

0 

Broth 
control 15 0 0 4 0 
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The Etiology of the Non-Luetic Soft Chancre 

Principal InvasUgators: M. Talmage M'cMinn, CPT, MSC 
SpSAlanT. Evangelista, B.Sc. 

Associate Investigator: Chiraphun Du^ngmanl   M.D. 

OBTECTIVE:     To determine the bacterial etiology of penile lesions 
resembling non-luetic soft chancre. 

BACKGROUND:      Soft chancre or ulcus molle is the second most 
common venereal disease among US troops operating in Southeast Asia. 
The etiology of this disease is uncertain and treatr'ent is occasionally 
misdirected because of this lack of bacteriological definition.   The 
purpose of our study is to determine what bacteria are present in these 
lesions and to attempt to determine the causative agent. 

DESCRIPTION:      Specimens are obtained from penile lesions by means 
of scraping the floor of the lesion with e large gauge wire loop.   Occa- 
sionally, neglected ulcers must be washed to remove necrotic tissue 
before the edge and bottom of the lesion is scraped with the wire loop. 
A routine questionnaire is completed at the time of the examination and 
venous blood is obtained for syphilis serology.    151 of 181 subjects 
Included In this report were adult American males between the ages of 
19 and 32 while the remainder were male members of the Thai military 
forces.   Histories obtained at the time of examination Indicated that 
none of the US personnel had treated themselves with antibiotics,while 
65% of the Thai patients admitted prior treatment with non prescribed 
drugs. 

Lesions ranged from vesicular eruptions with no Indication of bacterial 
infection tiirough the classical   2-10 mm wide, slightly indurated,tender, 
deep ulcer described as the "soft chancre", to large fulminating lesions 
with marked destruction of tissue.   Many patients presented with 
multiple lesions.   We classified 34 lesioas as "herpetic-like" which 
were characterized by painful multiple vesicular eruptions with a 
history of  similar vesicular lesions that healed spontaneously.   68% 
of the patients with herpetic-like lesions reported prior lesions of a 
similar nature. 
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We had found, from previous work that excellent growth of numerous 
organisms occurred on Eugonoagar plates with 25% fresh rabbit blood. 
This media was inoculated, as were Thayer-Martin media, sheep 
blood agar, desoxycholate agar, chopped meat broth, and fresh rabbit 
blood clot tubes, and were incubated at 37C.   Experience had revealed 
that inoculation of blood clot tubes made of the patients blood did not 
add to recovery of any additional organisrr.i.     'he Eugonoagar +25% rabbit 
blood plates, the sheep blood agar plat  ■ ,    r i the Thayer-Martin media 
were incubated under increased CÖ2 t.osl u     Subsequent inoculation 
of another Eugonoagar plate with 2S% :■ ash rabbit blood from the rabbit 
clot tube was made after overnight anfl ^'j hour incubation.   Three 
smears were made: one for immediate darkfield examination, another 
for gram st*in, and the thrid fcr additional studies with special stains 
for cytology end presence of bacteria.   No unusual cytology indicating 
viral involvement was ever observed in these smears. 

RESULTS:       During the period April 1971 - April 1972,  181 penile lesions 
were examined and cultured in this laboratory.   Table 1 presents the 
bacteriological findings from these cultures.   Five of the 181 darkfield 
examinations revealed spirochetes and four seroiogical examinations 
(RPR Card Test screen) were reactive.   Only 7 patients were submitted 
for virology studies, determined by ;ie nature of the lesion.   Of these 
7 patients with closed vesicles resembling herpetir lesions, 3 were 
found to harbour Heroes proaenltails. 

Three of the "Haemophilus SPP. " we recovered from penile ulcers were 
sent to the diagnostic laboratories of the Center for Disease Control 
in Atlanta, Ga,, in the United States.    There, based on the Inability 
of the organism to grow without haemolysis on rabbit blood and their 
need for factor V (phosphopyrldlne nucleotlde; DPN; NAD) and no need 
for factor X (haemin), the Isolates were classified as Haemophilus 
parainfluenzae.      These idolates were identical to the other Haemo- 
philus spp. that we Isolated from penile ulcers. 

It is interesting to note that 3 isolates of Nalsseria gonorrheae weie 
isolated from penile lesions.   All of these isolates of N. qonorrheae 
came from uncircumcised males and two of the iesions were on the 
shaft of the penis.   One of these three males had gonococcal urethritis 
while the other vwo denied any symptoms of gonorrhea.   This finding 
may represent self-contamination with urethra 1 exudate or may indicate 
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infection of a pre-existing lesion with N. qonorrheae derived from an 
infected female. 

Subcutaneous inoculations of pure cultures of the Haemophilus SPP. 
into adult rabbits failed to produce any chancroid-like ulcers.   Other 
pure cultures of bacteria isolated from penile lesions in our laboratory 
produced small self-limiting lesions out never anything resembling the 
penile ulcers from which they were isolated.   Lesions produced by 
subcutaneous inoculation of the Haemophilus SPP. were never positive 
on subsequent culture for the Haemophilus bacillus.    Rabbits inoculated 
subcutaneously with mixtures of Haemophilus spp. ,  diptheriods, and 
non-haemolytic streptococcus did produce ulcers resembling the typical 
soft chancre.   We were able to recover all three of the bacteria inoculated 
on subsequent culture . 

This laboratory has developed some additional biochemical test media 
that may enable additional characteristics of the fastidious Haemophilus 
organisms to be enumerated.   By adding various amounts of NAD and/or 
haemin to sugar fermentation media and to other test media , we have 
begun to notice consistent growth patterns of the organisms recovered 
from the lesions in our study.   This work continues and is somewhat 
dependent upon the quantity of Haemophilus   ioslates obtained. 

DISCUSSION:     While the etiology of soft chancre is usually defined 
in medical texts, a search of recent literature reveals that few workers 
have been successful in recovering the Ducrey bac.llus.   No adequate 
schema for its identification exists .   To date, our data Indicate that 
many penile lesions are infected with normal skin and/or vaginal flora. 
Many lesions are obviously herpetic eruptions that are characterized by 
multiple eruptions, pain, and recurrence.   Patients presenting with this 
type of lesion usually reveal histories of past bacterial infections after 
neglect of the original lesion.   Extreme care in this laboratory in obtain- 
ing thorough specimens and careful inoculation and incubation of a wide 
variety of medld nave not resulted in isolating a single organism that 
resembles the Haemophilus ducreyi  bacillus that is generally defined 
as the causative agent for soft chancre. 
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TABLE   1 

Bacteriological  Findings  of 181   Penile   Lesions 

Sum % 

Haemoohilus spj). 5 2.75 
Staphvlococcus aureus 83 45 .65 
S. epidermidis 84 46.20 
Micrococcus spp. 3 1.65 
diptherolds 78 42.90 
Neisseria gonorrheae 3 1.60 
Streptococcus faecalis 20 11.00 
beta haemolytlc streptococcus 6 3.3 
alpha streptococcus 34 18.7 
gamma streptococcus 81 44.55 
Escherichia coll 14 7.7 
Klebsiella sgp. 2 1.1 
Enterobacter aeroqenes 5 2.75 
Enterobacter cloacae 2 1.1 
Proteus SPP. 5 2.75 
Paracolobactrum SPP. 4 2.20 
Pseudomonas aeroqinosa 3 

1 
1.65 

.55 Alcaliqenes spp. 
Herellea spp. 1 .55 
Clostridlum perfrinqens 2 1.1 
Candida albicans 1 .55 
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Nelsseria Gonorrheae Infections of the Premenarcheal Female 

Principal Investigator: Udom Lexomboon, M.D., Ph.D. 

Associate Investigators: M. Talmage M'cMlnn, CPT, MSC 
Chlraphun Duangmanl, M.D. 
Yachal Ampalpast, B.Sc. 

ObJECTIVE:    To determine the frequency of recovery of Nelsseria 
gonorrheae from Thai premenarcheal females seen at Bangkok, Thailand. 

BACKGROUND:    Traditionally, Nelsseria gonorrheae has been piedomln- 
antly associated with vulvovaginitls In premenarcheal females.   In the 
United States, however, reports from Lang In 1955, and Heller, et al , 
In 1966, have Indicated that gonorrhea In such patients was not as 
frequent as had been expected.   Heller, Joseph, and Davis in 1969, re- 
ported no findings of N. gonorrheae in 50 patients with vulvovaginitls 
ranging in age from 12 days to 13.5 years.   These findings and such 
rarity could be attributed to the rapid and efficient treatment of gonorrhea 
in the adult population. 

Witn an increase in the frequency of N, gonorrheao infections in Thailand 
reported by the Minister of Health in Dec 1971, and the frequent 
recovery of strains of the gonococci that display "decreased sensitivity" 
to penicillin (see elsewhere in this report), this laboratory proceeded to 
conduct a survey of young Thai patients with vulvovaginitls.   An extensive 
search of the literature revealed that there was no report dealing  with 
vulvovaginitls in premenarcheal children in Thailand.   The purpose of 
this study was to determine the frequency of recovery of N. gonorrheae 
from patients presenting with vulvovaginitls to the Children's Hospital 
in Bangkok, Thailand.   '. case report is presented. 

DESCRIPTION:     All girls between birth and 14 years of age presenting 
to the out-patient clinic at Children's Hospital in Bangkok, Thailand, 
with vulvovaginitls during the study period were examined by the 
principal investigator.   Cotton swabs were obtained from the vagina 
and urethra of these female patients and immediately inoculated onto 
fresh sheep blood agar plates and onto haemoglobin-free Thayer-Martin 
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TABLE   1 

Bacteriological Findings from 47 Chilenen with Vulvovaglnitis 

* 

Organisms Isolated No. Isolated % Isolated 

Neisseria qonorrheae 20 42.5 

Staphvlococcus aureus 6 

24 

12.5 

51.0 S. epidermldis 

alpha haemolytic streptococcus 11 23.4 

non-haemolytic streptococcus 2 4.2 

Diplococcus pneumoniae 1 

6 

14 

2.1 

12.7 

29.8 

Micrococcus spp. 

diphtheroids 

Bacillus spp. 1 

16 

2 

2.1 

34.0 

4.2 

Escherichia coll 

E. aeroqenes 

H, cloaca 2 4.2 

Proteus mirabills 2 

4 

4.2 

8.5 P. morqanii 

Haemoohilus spp. 1 2.1 

Shlqella flexnerl 3 1 2.1 
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TABLE   2 

Bacteriological Findings from 10 Patients with no 
vulvovaglnal complaints 

Organism Isolated No. Isolated % Isolated 

Staphviococcus aureus 10 

S. epldermldls 9 90 

beta streptococcus (not group A) 1 10 

alpha streptococcus 4 40 

gamma streptococcus 5 50 

Streptococcus fecalls 2 20 

Micrococcus tatraaenous 2 20 

dlptherDtds 7 70 

Candid^ spp. (note, alblcans) 1 10 

Escherlchla coll 4 40 

Paracolobactrum aeroaenes 1 10 

Herellea SDP. 1 10 
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media.   The plates were incub ated at 37C in CO2 Jars overnight and 
then suspected colonies were picked for further idenüfication by Gram- 
stain, oxidase test, and biochemical fermentation tests.   Attempts were 
made to recover and identify other bacteria from both the sheep blood 
agar plates and the Thayer-Martin plates.   Forty-seven girls with 
vulvovaginitis, whose ages ranged from 2 months to 9 years, were 
examined.   Subjects with vulvovaginitis were characterized by inflam- 
mation of the vulvovaginal area w' h purulent discharge.   Few of them 
complained of vulva pain, frequen. urination, dysuria , or itching.   The 
child's general health was not affected.   Ten girls with ages ranging 
from 6 months to 13 years were examined and cultured as controls. 
None of the control subjects presented with urogenital complaints and 
all of them were normal on examination of the vulva and vagina. 

RESULTS     The results of bacteriological cultures of the 47 patients 
with vulvovaginitis are presented in Table 1.   Findings from the 10 
controls are presented in Table 2. 

Shigella flexnerl 3. was isolated from the vaginal discharge of a one 
year old girl who presented with vulvovaginitis after having symptoms 
of dysentery for a few days.   There was no complaint of dysentery at 
the time of examination. 

Of the 20 patients with proven N. gonorrheae infections, three had no 
admitted history of any family member with gonorrhea.   Histories 
obtained from the parents of the other 17 revealed that either the father 
or mother had recent symptoms of acute gonorrhea.   All of the patients 
with gonorrhea infections slept with their parents.   Only 5 of the girls 
had a history of using the same towels after bathing that their parents 
had used.   One four year old with a positive vaginal culture for N. 
gonorrheae admitted to "sex-play" with an eight year old boy who had 
a urethra 1 discharge.  We were unable to obtain a culture from this boy. 

CASE REPORT;    A three year old girl was seen at the out-patient clinic 
of Children's Hospital on 1 July 1971 complaining of a pur ilent discharge 
Iram the vagina for the past three days.   Her general condition was within 
the normal limits.   The girl's father, a 29 year old traveling salesman, 
had a history of gonorrheal urethritis in 1969.  The patient's mother 
stated that he was free from any symptoms at the time of the daughter's 
examination.  The 29 /ear old mother had a history of chronic leukorrhea 
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of one year duration. She had not taken any medication for this con- 
dition. The infant slept with her mother and usually shared the same 
towel with the mother after bathing. 

Vaginal cultures from the patient and her mother on the initial visit 
yielded a heavy growth of N. qonorrheae.   The patient and her mother 
responded well after a single intramuscular injection of 1 million units 
of clemizole penicillin (megacillin). 

The same patient again developed a purulent vaginal discharge on 
12 October 1971, 3,5 months later.   The cultures of the urethra and 
vulvovaginal sites failed to reveal N. gononfheae.   The mother 
positively denied any symptoms of leukorrhea or the common use of 
toweis or any other articles .   The vulvovaginal discharge of the patient 
disappeared rapidly after a single injection of megacillin. 

On 3 February 1972, this same girl had another attack of vulvovaginitis. 
The vaginal culture revealed a heavy growth of N. qonorrheae.   The 
mother and father denied any symotoms in either of them of acute 
gonorrhea.   A vaginal culture of the mother failed to reveal any N. 
qonorrheae.   We could not obtain cultures of the father.   The symptoms 
of vulvovaginitis of this girl again rapidly disappeared after treatment 
v/ith  megacillin. 

DISCUSSION :     Lang in 1955, indicates that towels and linens may 
serve as transmitting agents of gonococcal vulvovaginitis, a "highly 
contagious" disease.   He reports that gonococcal vulvovaginitis 
usually results from contact with an infected adult.   Cohn, et al, in 
1940, report that intermediate objects are of little importance in the 
transmission and that sexual contact is the usual mode of infection. 
Nelson, in 1964, states that gonococcal disease is moderately con- 
tagious and can be introduced to the vulva by personal objects con- 
taminated with N. qonorrheae organisms.    He advises that upon diag- 
nosis of N. qonorrheae vulvovaginitis, personal clothing and towels 
should be separated from the remainder of the family until the patient 
is cured of the infection and the commonly used articles are thoroughly 
cleaned.   It may be reasonably assumed that the mode of transmission 
of N. qonorrheae in the premenarcheal children examined in our study 
was via person-to-person contact, but without sexual contact (except 
in the one instance where "sexual-play" was admitted). 
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In Thailand, personal cleanliness is an important social habit that is 
stressed to children.   This desirable habit often means that children 
will bathe several times a day.   In the lower classes (the towels are 
commonly used by other family members and may seldom become dry. 
While we have not been able to obtain cultures from these damp towels, 
the thesis that the diplococcus could remain viable in the damp folds and 
thus be transmitted to the female children cannct be ignored. 

These findings indicate that N. oononheae infections in vulvovaginitis 
is common in Thailand.   The causative diplococcus mudt be cultured 
for, and specific, directed antibiotic therapy administered arjainst 
this increasingly "resistant" organism. 

< 
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Serum Antibiotic Levels Associated With Gonorrheae in Females 

Principal Investigators: 

Associate Investigators: 

Panyasrl Benjadol, M.Sc. 
M. Talmage M'cMinn, CPT, MSC 

Chirpahun Duangmanl, M.D. 
Prakit Kanchanavatee, M.D. 
Godom Areeya, M.D. 

OBJECTIVE :     To determine the relationship between patients with 
serum antibiotic levels and frequency of Neisseria gonorrheae infections 
among such patients. 

BACKGROUND:    In the SEATO Medical Research Laboratory Annual 
Report from April 1970 - March 1971, a report was made regarding the 
Isolation of Nwisseria gonorrheae from females.   Included in this report 
were data regarding serum antibiotics in samples obtained from these 
promiscuous females.   By using tube dilution techniques on sera from 
56 randomly selected females, we observed that one half of these 
subjects had serum antimicrobial activity.   Twenty three of the 56 
subjects (41%) had proven N. gpnorrheqe Infections.   Of these 23, 17 
had serum antimicrobial activity and 6 had no serum antimicrobial 
activity.   These data appeared to Indicate that patients talcing non- 
prescribed drugs were more suscept'ole to gonorrhea than those without 
measureable serum antibiotics. 

After those preliminary findings this laboratory proposed a study of 
the affect of clandestine use of non-prescribed antibiotics among 
promiscuous females.   In this country patients can obtain antibiotics 
without prescriptions from physicians, and it is common for promiscuous 
lemales to treat themselves without, ever seeking medical advice.   Upon 
questioning these females we discovered that the regimen of medication 
was usually quite naive with patients reporting taking "one red pill a 
day" or "one shot that hurt a lot". 

DESCRIPTION :    Subjects for this study were selected at the VD Control 
Clinic on Monday, Wednesday, and Thursday from 0830 - 1130 hours 
for 1 week and on the same days from 1300 - 1500 hours in the following 
week.   Every fifth subject presenting for examination was selected for 
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inclusion in this investigation,   Subjects came from two groups.   One 
group included females presenting with symptoms and/or complaints of 
gonorrhea and the other consisted of females with no complaints but 
presenting for periodic examination.   Our study combined these two 
groups.   The subject was asked to complete a questionnaire regarding 
her place of work, her age, and the length ot time that she had been 
working in her profession . 

All subjects received pelvic examinations and cervical specimens were 
obtained fo" bacteriological studies.   Ten ml. of venous blood was 
obtained.   Routine bacteriological examination was conducted on 
cervical specimens to identify N, gonorrheae.   Sera was tested by tube 
dilution techniques against Staphvlococcus aureus (ATCC 6538P), 
Bacillus c^reus (ATCC 11778), and Sarclna lutea to determine anti- 
microbial activity.   While these biological assays could not determine 
the presence of specific antibiotics, they did permit positive indication 
of serum antimicrobial activity.   The test organisms were routinely 
tested against known serum with no antibiotics to ensure their lack of 
sensitivity to normal serum proteins. 

RESULTS :     Five hundred and one specimens fromSOl subjects were 
examined.   Table 1 indicates the findings In this study.   176 subjects 
had bacteriological evidence of gonorrhea infections.   325 of the 
subjects had no bacteriological evidence of gonorrhea Infections. 
Correlation between gram strains taken at the examinations and cultures 
was good. 114of these subjects {22.8%) had serum antibiotic levels 
that were measured with our techniques while 387 of the subjects had 
no indication of serum antibiotic levels. 

There was no significant difference, ty Chi square test, between those 
patients with infection and serum antimicrobial activity and those with 
infection and no serum antimicrobial activity.   (X2 = 1.030, df = 1,0.50 
> P > 0.30) 

While we had previously suspected that the clandestine use of non- 
prescribed antibiotics might result In less competition from the normal 
vaginal flora to N. gonorrheae and thus make the patient taking these 
drugs more susceptible to such Infections, these findings fall to support 
that thesis.   However, it should be noted that the non-directed use of 
such drugs apparently does not protect the female from infection with 
N. gonorrheae. 
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TABLE   1 

Comparison between N. qononheae Infected females and serum 
antimicrobial activity 

Bacteriological evidence 
of gonorrhea 

Yes No 

1 

Serum antimicrobial activity 

Yes 35 79 

No 141 246 
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Minimum Inhibitory Concentration (MIC) 
of Penicillin G & Oxytetracycline to Neisaoria Gonorrheae 

Principal Investigator: 

Associate Investigator; 

M. Taliriage M'cMin.i, CPT, MSC 

Panyasri Benjadol, M.Sc. 

OBJECTIVE:    To determine the MIC of penicillin G and Oxytetracycline 
to Neissena Gonorrheae in Thailand. 

DESCRIPTION:    Randomly selected isolates of N. gonorrhea were used 
to determine the minimum inhibitory concentrations of potassium peni- 
cillin G and oxytetracycline to those strains.   The antibiotic was mixed 
with Thayer-Martin chocolate agar without antibiotics and slightly 
turbid suspensions of the selected strains in brain heart infusion broth 
were placed on the agar surface with platinum loops. 

Isolates were selected from promiscuous females seen at the Ban Chiwi 
VD Control Clinic in Bangkok, from the US Army 5th Field Hospital in 
Bangkok, and from the Thai Army Hospital in Bangkok,   All isolates from 
the Ban Chiwi Clinic were from females, all from the US Army Hospital 
were males, and all but on efrom the Thai Army Hospital were from male 
patients.   None of the strains selected were specifically picked from 
so called 'resistant' cases.   Table I and 2 present the MIC's of the two 
drugs tested to N, gonorrheae. 

DISCUS3ION:    It is noted that th   World Health Organization indicates 
that "less sensitive strains" of N, gonorrheae are Inhibited by concen- 
trations of penicillin ranging from 0.05 to 0.125 lU/ml,   Our study 
Indicates that 87.2% of the few strains studied in this laboratory demon- 
strate a decreased sensitivity to penicillin.   A study done in 1968 by 
the VD Control Laboratory of the Thailand Department of Health shows 
that 47% of 181 strains tested at that time had penicillin MI^.'s of 
0.128 or greoter. 

This report indicates that the frequency of recovery of "less than sensitive 
strains" of N, gonorrheae is Increasing.   Prompt, vigorous treatment 
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with adequate serum concentrations of the appropriate antibiotic is 
indicated with patients infected with gononhea,   Cultures of suspected 
material should be accomplished and antibiotic sensitivities carefully 
determined in order to ensure use of the proper drug. 
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TABLE  1 

Minimum Inhibitory Concentrations of penicillin to randomly selected 

strains of Neisseria gonorrheae. 

Isolates from: 

Ban Chiwi 
27 patients 

US Army Hospital 
34 patients 

Thai Army Hospital 
34 patients 

unit/ml unit/ml unit/ml 

Range 0.1-0.8 0.05-1.6 0.1-1.0 

Mean 0.34 0.85 0.6 

Median 0.2 0.8 0.6 

TABLE   2 

Minimum Inhibitory Concentrations of oxytetracycline to randomly 

selected strains of Neisseria gonorrheae. 

Isolates from: 

Ban Chiwi 
27 patients 

US Army Hospital 
34 patients 

Thai Army Hospital 
34 patients 

Range 

Mean 

Median 

mcq/ml 

0.2-1.6 

0.86 

0.8 

n)9q/^l 

0.8-2.4 

1.3 

1.2 

0.8-3.6 

1.5 

1.2 
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Clinical Evaluation of Co-trimoxazol {Trimethroprlm/Sulfamethylthiazole) 
and Furazolidone in Treatment of Shlgellosis in Children 

rrincipal Investigators: Udom Lexomboon, M.D,, Ph.D. 
Pethai Mansuwan, M.D.* 

Associate Investigators: Chiraphun Duangmani, M.D. 
Panyasri Benjadol, M.Sc. 
M. Talmage M'cMinn, CPT, MSC 

OBTECTIVE :     To determine the efficacy of Co-trimoxazol in the treat- 
ment of Shigellosis in pediatric patients. 

BACKGROUND:     Co-trimoxazol is a recently developed drug consisting 
of 5 parts sulfamethylthiazole and 1 part trimethroprim** that has demon- 
strated synergistic properties against a variety of bacteria.   This drug 
and furazolidone have been shown to be very effective against a majority 
of Shigella s_£p. in vitro, however, in vivo studies are lacking.   The 
purpose of this study is to compare Co-trimoxazol (Trimethroprim 80mg 
+ SulfamethyKhiazole 400mg) with furazolidone in the treatment of 
Shigella diarrhea in chl'dren. 

DESCRIPTION :     One hundred sixty-six patients with gastroenteritis 
who visited the out-patient clinic of Children's Hospital, Bangkok, 
during March through August 1971 were available for this study.   Patients 
were assigned to be treated with Co-trimoxazol or furazolidone randomly. 
Clinical and bacteriological observations were made on the initial visit 
and also on every alternate day for a period of 7 days.   Patients were 
excluded from the study it their stool cultures did not confirm the diag- 
nosis of shigellosis . 

Only J3 patients in the Co  trimoxazol group and 30 patients in fura- 
zolidone group were proven to be Shigella infections and completed the 
scheduled visits.   These two groups were generally comparable in 
regard to age,  sex, di'ration of illness and the rieventy of the disease. 

*       Children's Hospital, Bangkok, Thailand. 
**     "Bactrim"; Roche anu "Septrin"; Burroughs Wellcoint 
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Approximately 58% of the children were youiger than 2 years and the 
majority of the patients were seen within a few days after onset of 
the disease.   Shiqella flexnerl was the most common pathogen isolated 
from each group. 

RESULTS :     Results indicate that Co-trimoxazol Is superior to furazo- 
lidone by virtue of the shorter clinical symptoms and bacteriological 
responses to the treatment without any failure.   See Table 1 and 2. 
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TABLE   1 

Bacteriological Response to Antimicrobial Therapy 
in 63 Shlgellusis Patients 

Drugs 
Total 

Number of 
Patients 

Days until Negative Shigella   i 

2 3 4 5 6 7 or over 

Co-trimoxazol,(trimethroprim 
80 mg+Sulfamethylthiazole 
400 mo) 

3 3 22 9 2 - - - 

Furazolldone 30 11 6 5 1 
  

- 8 

TABLE   2 

Clinical Response to Antimicrobial Therapy 
in 63 Shigellos<,s Patients 

Drugs 
Total 

Number of 
Patients 

Clinically Improved 
(days after therapy) 

1 2 3 4 5 6 7 or over 

Co-trimoxazol,(triniethro- 
prim 80 gm+Sulfamethyl- 
ithiazole 400 mg) 

33 15 16 1 1 - - 

furazolldone 30 4 9 5 4 1 7          1 
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Anaerobic Bacteriology 

Principal Investigator: 

Associate Investigators: 

M. Talmage M'cMlnn, CPT, MSC 

Panyasri Benjadol, M.Sc. 
Kanchana Leelasiri, B.Sc. 

OBJECTIVE :     To determine the importance of anaerobic bacteria in 
clinical infections. 

BACKGROUND:    During the past year, this laboratory has established a 
capability for identifying strict anaerobic bacteria.   The use of pre- 
reduced-anaerobically-sterilized (PRAS) media and the training of two 
technicians in the use and manufacture of this specialized media has 
enabled the recovery and identification of numerous organisms that 
would have otherwise been overlooked in a routine laboratory. 

This media, first developed by Dr. R.E. Hungate in 1950 and subse- 
quently modified for use in the clinical laboratory by Dr. W.E.C. Moore 
in 1966 enables the most fastidious anaerobic bacteria to grow.   By 
employing these technioues in various biochemical media, identification 
of the organisms can be accomplished.   By carefully excluding any 
atmospheric oxygen from contact with the media, more than twice the 
number of organisms can be recovered from clinical specimens than by 
use of standard methods utilizing the Brewer anerobic Jar or fluid 
thioylycolate media.   Once recovery of the fastidious organisms is 
accomplished, antibiotic sensitivity profiles can be established using 
prereduced agar plates and directed antibiotic therapy can be attempted 
by the clinician.   Moore has noted that many anaerobic bacteria are 
resistant to certain antibiotics and has indicated the need for more 
efficient culture methods and accurate sensitivity data. 

While our re: jarch has not yet demonstrated any of the anaerobic bacteria 
to be tho cause of any disease process (except for tetanus), it is important 
to note that many lesions havs been examined and discovered to harbour 
these fastidious organisms.   We believe that specific treatment directed 
towards eliminating these organisms, be they the causative agent or 
opportunists, results in more rapid healing.   McDonald has demonstrated 
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the syrferglstlc properties of several of the organisms that we have 
recovered from lesions with mixed flora.   Table 1 shows that from 194 
specimens examined, we recovered 237 anaerobic species of bacteria 
and 491 various species of aerobic bacteria.   It would be unwise to 
assume that these anaerobic organisms were of no importance in the 
lesions that we cultured. 

Table 2 , 3 and 4 present the identification of anaerobic bacteria iden- 
tified using the techniques employed in this laboratory. 

Use of PRAS techniques has enabled the rapid recovery of Clostridlum 
tetani   from numerous umbilical specimens.   During such recovery, It 
was noted that numerous lesions were insignificant and had been 
Ignored before clinical symptoms of tetanus had appeared.   A search of 
the literature revealed that while some authors, like B.P. Davis, et al 
in their 1967 text, Microbiology, state that spores may remain dormant 
In healed wounds, no one had presented any data regarding this 
phenomenon.   This laboratory proceeded to design experiments to 
demonstrate the inability of the CL tetani spores to germinate In non- 
traumatic wounds. 

Our experiments In working with Cl. tetani had indicated that most 
lesions harbouring the tetanus bacillus also contained several other 
species of bacteria.    There was never a pure culture of Ch tetani from 
the 60 specimens examined for bacteria.   Tetanus spores require an 
environment with a low Eh (oxidation - reduction potential) for germina- 
tion.   In non-traumatic wounds or In wounds without a simultaneous 
pyogenlc infection, the normal vascularlty would remain Intact and 
maintain a normal tissue Eh.   It was postulated that non-traumatic 
injection of a pure suspension of Cl. tetani spores would not result In 
germination of the spores and that clinical tetanus would not occur in 
these animals. 

Spores of Cl. tetani were obtained by drying 2 week old broth cultures 
of Cl. tetani In sealed, sterile petrl dishes.    After 3 weeks, the dried 
material was rendered into a powder and checked by way of Gram strain 
and Inoculation on appropriate media for purity.   Counts were made of 
the spore suspension. 
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White mice were inoculated IM, with 0.1 ml of spore suspension 
using a 27 gauge hypodeunic needle.   Every effort was made to Insure 
a non-traumatic inoculation.   Duplicate inoculations were made into 
mice that had recently received tetanus antitoxin.   None of the Inocu- 
lation sights showed any sign of trauma nor did any mice develop 
clinical tetanus after 28 days of observation. 

Subsequent inoculations of coagulase positive Stephvlococcus aureus 
into the leg muscle of mice Inoculated 14 days prior with CL tetonl 
spores resulted In clinical tetanus and death of 2 of seven animals. 
Tetanus occured in these animals 4 days after the Staph. aureus Ino- 
culation.   The remaining 5 animals were sacrlfied 30 days after spore 
injection and had no signs of tetanus.   Staph. aureus inoculation of 
mice protected with antitoxin prior to spore Inoculation produced a 
typical lesion but no tetanus . 

These findings Indicate that the spores of CL tetani can remain dormant 
in healthy tissue for as Ion g as 28 days without germination.   The 
presence of the spores was demonstrated by subsequent inoculation with 
a pyogenic bacteria that caused tissue necrosis and enabled germination 
of the dormant spore. 
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Principal Investigate)-: 

Associate Investigator: 

Diarrhea 1 Diseases 

Joe D. Worsham, SFC 

Chlraphun Duancjmani, M.D. 

OBIECTIVE:     To moiiitor the occurrence of enteric pathogenic bacteria 
in diarrhoal diseases in Thailand. 

BACKGROUND:     This laboratory was originally established to study 
diarrheal diseases in Thailand.   It has become recognized and respected 
for the completeness of identification of enteric organisms, both by 
biochemical means and by perologlcal techniques. 

With the discovery of Vibrio parahaemolvticns as a probable cause of 
diarrhea in Thailand, certain aspects of SMRL's routine survey for 
enteric pathogens was de-emphasized.   In August of 1971, it was 
determined that the routine survey of nursery employees at Children's 
Hospital in Bangkok could be conducted by the laboratory at that facility. 
This relieved some of the work load of the enteric Identification labora- 
tory and permitted more work to be done on research projects. 

This laboratory continues to maintain a thorough and accurate capability 
to isolate and identify enteric pathogens. 

RESULTS     Tables 1 through 4 indicate the finding in the enteric iden- 
tification laboratory during the past year. 
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Mvcotlc  Diseasos 

Principal Investigator: M. Talmage M'cMlnn, CPT, MSC 

OBTECTIVt::     To monitor the occurrence of pathogenic tungi in Thailand. 

BACKGROUND:     Thir laboratory continues to conduct routine examina- 
tions for pathogenic fungi.   This practice ensures the presence of 
properly trained personnel to manufacture appropriate media ard to be 
able to identify various species of fungi.   Maintenance of stock cultures 
also permits this laboratory to train technicians   from other medical 
facilities   in Thailand. 

RESULTS:     Durincj the past year we have examined 244 specimens 
submitted for fungus isolation.     29 non-pathogenic fungi were iden- 
tified and 38 pathogenic species w^re recovered. 

Table 1 presents data Indicating the source of the specimens and the 
r5thogenic organisms Isolated. 
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TABLE   1 

Specimens Received & Examined for Fungus 
30 March 1971 - 30 March 1972 

[Total No 1    No. of non- |                         Number of 
Sources of specimens examined pathogenic fungi j                   Poüitive cultures 

Skin 28 13 2 Candida albicans 
2 MicrosDotum qvpseum 

Ear 7 4 |   1 Microspotum canis            1 
Hair 1        2 1 
Cerebrospinal fluid 6 
Joint fluid 1 2 Candid? a^icans 
Nail 5 1 1 Trichoohvton rubrum 
Scalp 2 1 C^nd^a alt4«>ng 
Finger 5 1 1 Miqrgspetym qvpsewn 
Body (Trunk, face, 

arms, legs) 4 1 1 Qanaidd albitfans 
Foot 5 
Hand 4 1 i Caodldd aibiggns 
Toe 2 1 
Throat swab 6 2 Caa&da. aifeisans 
Bronchial Washing 1 
Vagina 37 acandWa Qibisauß 
Sputum 8 1 5 Caniidn ^Mcans. 
Gastric Washing 1 1 OapdVfc albicans              | 
Urine 1      | 
Biopsy 1      ! 

Male genital organs 2 
Thoracentesis 1 
Female perineum 99 i) Qaadidä albicans 

1   Unidentified specimerJ i Microapotun qypseuip 
16     | 5 2 Microspotum oanlä 

1 Candida albicanj 

Total 24^     ] 29 38                                            | 
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Mvcobacterium   Tuterculosls 

Principal Investigator: M. Talmage M'cMlnn, CPT, MSC 

OBTECTIVE :     To moi.ltor the occurrence of Mvcobacterium tuberculosis 
In Thailand. 

DESCRIPTION :  The Department of Bacteriology maintains facilities with 
special equipment and media for the recovery and identification of acid- 
fast bacterlü.   Two technicians are trained in the necessary techniques 
of Mvcobacterium sp. isolation. 

While no active research is being conducted regarding acute tuberculosis 
at present, our laboratory facility has performed a valuable service to 
loca' hospitals in Thailand. 

RESULTS :     The results of this service are presented in Table 1. 
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TABLE   1 

Specimens Received & Examlaed for 
Mycobacterium Tuberculosis & Other Species 

Total No. Number of Number of                 j 
1        Type of Specimens Examined Negative Cultures Positive Cultures 

Sputum 137 135 2 Mycobacterium species 
Gastric Washing 47 44 3 M. tuberculosis 
Urine 35 35 
Cerebrosplral fluid 17 16 1 Mycobacterium species 
Pleural fluid 7 7 
Joint fluid 4 3 1 M. tuberculosis 
Abdominal fluid 2 2 
Thoracic fluid 3 3 
Aspiration from neck 3 3 
Stool 1 0 1 M. tuberculosis 
Lymph node 2 2 
Bone marrow 2 2 
Biopsy 7 6 1 M. tuberculosis 
Lung tissue (monkey) 4 4 
Unidentified specimens 3 3 
Throat swab 1 1 
Granuloma 1 1 

TOTAL 276 267 9 
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Bacterial Diseases of Domestic Animals Native to Thailand 

Principal Investigators: 

Associate Investigators: 

Dennis O. Johnsen, MAJ, VC 
Markpol Tingpalapong, DVM 
Alexander De Paoli, MAJ, VC 
Robert/.. Hickman, MAJ, VC 

SFC Joe D. Worsham 
SFC Alson R. Hickerson 
Prayot Tanticharoenyos, DVM 
Jerm Pomsdhit 

OBJECTIVE:      The objective of this report is to present zoonotic infor- 
mation of public health comparative medical, and veterinary significance. 

DESCRIPTION:      This information has been compiled from the results of 
routine clinical and necropsy examination of laboratory animals and 
native demestlc species that are examined upon request or Incident to 
other laboratory studies. 

PROGRESS:      During September 1971, an apparent outbreak of lepto- 
spirosis occurred among the sentry dogs at the Nakorn Panom Air Force 
Base.   At least 5 dogs died during a 2 month period and a number of 
others became sick.   Clinical signs of Illness in the dogs consisted of 
depression and anorexia; occasionally, emesis and icterus were reported. 
Haematological examination of affected dogs revealed that there was a 
neutrophillc regenerative left shift.   Hemotonla was not reported.   Pro- 
gressive atoxia and signs of CN;  disturbances developed in dogs that 
succumbed to the disease    SMRL was requested by the base veteri- 
narian to provide assistance in the diagnosis of this problem.   The 
clinical signs and pathological lesions In the liver and kidneys of two 
dogs from which tissues were obtained suggested a diagnosis of lepto- 
spirosls.   Specimens were collected from dogs at the base for both 
bacterial isolation and serologlcal examination on 10 and 30 Septemoer. 
Urine specimens were Inoculated intraperitoneaUy into weanling hamsters. 
After two weeks. If hamsters did not die before, a kidney biopsy was made 
and the tissue taken was Inoculated into Fletcher's media.   Two blind 
passages were made in Fletcher's media before the specimen was considered 
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negative for leptc   lira.   The urine of 30 dogs was examined in this manner, 
but no isolates were obtained.   Serologlcal examination showed tl.nt 
approximately 20% of the dogs had antibodies    to two leptosplra serotypes 
present in high ttter.   These serotypes were L. hebdomadls and L. hvos. 
Antibodies to L. canlcola and L. balllco were also found in lesser titer. 
In two cases antibody increases in paired sera confirmed that infection 
with L. hebdomadls or L. Ityos serotypes had occurred between the time 
the two serum samples had been drawn.   During the time that illness was 
seen in the dogs, an animal handler also became iil and was hospitalized 
with clinical signs similar to those observed in dogs.   It was not possible 
to confirm serologically that this individual had leptospirosis.   Improved 
methods of sanitation and rodent control were Instituted in the sentry dog 
kennels and there have been no further reports of similar illness occurring 
among the dogs. 

Serum samples were collected from pigs at 3 farms in Thailand and examined 
for the presence of Leptosplra and Bruceila antibodies.    The location of 
these farms and the clinical problems *uey experienced are more fully 
described in the report concerning Japanese encephalitis infection in 
animals.   There wers no leptospiral antibodies found in any of the more 
than 100 serum samples examined.   From these findings it appears that 
leptospirosis has not been involved in the swine reproductive problems 
that have occurred in these areas. 

Serum samples collected from the pig farms and examined for Leptosplra 
antibodies were also checked for evidence of Bruce 11a infection.   Although 
antibodies were found in pigs at each of the three farms, pigs at the Kasetsart 
University pig farm in Tubkwang Saraburi province had a significantly higher 
incidence of antibody than the other two areas located at Kanchanaburl and 
Nong Khai.  Of 151 pigs sampled, 24 had Brucella plate agglutination tlters 
of 1:50 or greater.   Attempts have been made to isolate Brucella by ino- 
culation of whole blood from several reactor animals (those with tlters of 
1:100 or higher) into guinea pigs but no isolations have been made.   It is 
not possible to conclude at this time whether or not brucellosis is a 
significant problem among these pigs or not. 
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Distribution and Ecology of Ectoparasites of Vertebrates in Southeast Asia, 

Principal Investigators: Joe T . Marshall, Ph.D. 
H. Elliot McClure, Ph.D. 
Panita Lakshana, B.Sc. 
S. Wongsathuaythong , M.B. , Dr. Med, * 

Associate Investigators: M. Nadchatran** 
Inkam Inlao 
Nongnuj Maneechai 

OBIECTIVE:    To assemble information on the systematics, geographic 
and seasonal distribution and the host-parasite relationships of the 
ectoparasites of vertebrates in Southeast Asia. 

DESCRIPTION:    Ectoparasites are removed from mammals, birds and 
other vertebrates collected in selected study sites and in connection 
with various disease studies in Thailand and elsewhere in Southeast 
Asia.   The ectoparasites are preserved, sorted into major groups and 
identified at SMRL or submitted to specialists abroad for identification. 
Aliquots of collections used for inoculation of test animals are given 
priority in these identifications.   Studies on the taxonomy and ecology 
of the various vertebrate hosts of these ectoparasites are also conducted, 

PROGRESS: 
I)   Distribution and Systematics of tromblculid mites.    During the 
period of this report chiggers from many species of hosts collected by 
the Migratory Animal Pathological Survey (MAPS) were submitted to 
SMRL for Identification.   These chiggers were collected from the follow- 
ing provinces:- Chiangmal  , Nan, Nakhon Ratchasima, Nakhon Sawan, 
Petchabun and Phitsanulok.   One new species of the genus and subgenus 
Leptotrombldium was found in the collections from Chiangmal .   One 
additional new record for Thailand (Tromblcula (Sasatrombicula) 
kukongensls Chen & Hsu, 1963) was collected from Hipposideros 
bicolor in Pak Thong Chai district, Nakhon Ratchasima province. 

* Phra Mongutklao Hospital, Bangkok, Thailand 
** Institute for Mediral Research, Kuala Lumpur, Malaysia 
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2)   Survey of house-dust mites in Thailand.     House-dust mites are one 
of the most common causative agents of bronchial asthma and allergic 
rhinitis in Thailand.   A study was undertaken to determine which species 
are actually common or native in house dust.   Samples of house-dust 
were collected (most frequently from edges of mattresses), weighed and 
examined for mites.   A total of 412 collections of house dust mites were 
made from the following 15 provinces :   Ayuthaya, Chanthaburi, Chon Buri, 
Krungthep (Bangkok), Lop Bur*, Nakhon Fathom, Nakhon Ratchasima, 
Ratchaburi, Samut Prakan, SamutSakhon, SuphanBuri, SuratThani, Thon 
Buri, Trang and Udon Thani.   Mites belonging to 9 known families and 5 
unidentified families were found in these collections (Table 1).   The 
largest number of dust samples containing mites were collected from 
Bangkok and Thonburi.   Only single samples of dust were collected in 
Chanthaburi and Udon Thani and these contained no mites.   Dust samples 
containing the highast concentrations of mites were collected in Thon 
Burl (3665 mites/gm) and Bangkok (3485 mites/gm).   Mites belonging to 
the family Pvroqlvphidae were found in 92 of the 95 positive collections 
and made up the largest part (95.6%) of the collections.   Percentages of 
mites of the family Chevletidae. Glvcyphagidae and Acaridae in these 
collections were 2.1%, 1,6% and 0.4%, respectively.   Mites of other 10 
families constituted only minor and perhaps insignificant fractions of 
tne whole population.   Four species of Pyroqlyphid mites were present 
in these collections:   Dermatophaqoides chelidonis . D. farinae. D, 
pteronvssinus and Malavoqlyphus intermedius.     Of these four species 
D, pteronvs sinus was the most frequently collected species, and D. 
:arinae  the next most commonly encountered. 
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Survey to Estimate Significance of Certain Zoonotic Diseases 
and Their Military Importance in Thailand. 

Principal Investigators: Bruce O. Coles, Maj, USAR (Attached) 
Markpol Tingpalapong, D.V.M. 

Coordinators: Dennis 0.."ohnsen,Maj,VC 
Robert!. Hickman, Maj, VC 
Prayot TanUcharoenyos, D.V.M. 

Period of Survey:    22 May - o T-   ,ö 1972 

OBJECTIVE:   The objective of ■   >: sur'ey wus to determine the principal 
sources of information from which data concerning the incidence of certain 
zoonotic diseases nay be obtained and to collect and evaluate as much of 
the same as could be accomplished in the time period allowed. 

BACKGROUND:  A review of the literature revealed that llttJe if any work 
has been done to determine the significance of zoonotic diseases in 
Thailand.   A study conducted by USOM in cooperation with the RTG 
Department of Livestock 1967 - 1969 in Northeast Thaila. i showed that 
in Changwat Loei, out of a sample of 2,689 cattle and buffalo bled only 
28 head were positive and 69 head suspects for Brucellosis.   A slightly 
more than .01% of reactors.   This was the result of a pilot survey reported 
in USOM AD/AG Memo dated 2 August 1968.   An extensive survey in 
Konkaen, Udorn, and Ubol provinces followed.   The exact results have 
not been made available, however, it was reported that the incidence of 
brucellosis ran only slightly higher than in the pilot study.   The con- 
clusion drawn from this study is quoted "The results of the brucellosis 
testing show a very low incidence in the areas tested.   This should 
not adversely affect the early stages of intensified livestock production. 
However, there is enough brucellosis present that when animals are 
concentrated on feed lots, serious losses due to abortion will be constant 
threat."  This is the type o* information that is absolutely necessary for 
planning livestock programs. 

METHOD:  A list of zoonotic diseases known ro be present In Thailand 
was drawn up.   Those selected for the study w-Te; Foot & Mouth Disease, 
Brucellosis, Taberculosls, Leptospirosis, Riiic'trptjt, Hog cholera, 
Rabies, Anthrax, Encephalitis, Hemorrhagic septicemia and Trichinosis. 

A performa was designed for interviewing.   This included headings 
as follows: species infected; areas of occurrence; reported incidence. 

1022 

■«^a man 



control program if applicable; economic and public health significance 
and the source of information for each disease listed. 

Interviews in Bangkok included the Royal Thai Department of 
Livestock, FAO, College of Veterinary Medicine Chulalongkorn 
University and the Division of Agricultural Economics of the Ministry 
of Agriculture. 

Time permitted only a selected sample of interviews from the field. 
The Northeastern Region of Thailand and part of the Central Plain was 
chosen for the field survey.   The Northeast Region contains 40.5 & 
55.9% of the kingdom total number of cattle and buffalo respectively 
and a high percentage of hogs.   This corresponds to 1/3 of the total 
human population of the Kingdom in the same region.   See table II. 
Source DAE. 

Main livestock stations, forage crops centers, and other research 
centers were selected within the regions and key personnel were inter- 
viewed . 

Table I    Estimated Livestock Population in Thailand 1971 - DAE* 
Reported Animal Survey of Cattle, Buffalo, and Swine. 

Region Cattle Puffalo Swine 

Northeast 1,89:,108 3,195,834 1,403,466 
40.5% 55.7% 27.3% 

Central 1,552,795 1,652,206 2,352,197 
33.3% 28.8% 45.8% 

South 694,495 230,593 810,792 
14.9% 4,0% 15.8% 

North 527,571 655,921 563,792 
11.3% 11.4% 11.0% 

Total for Kingdom 4,666,966 5,734,500 5,133,244 

* Division of Ag iculture Economics. 
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RESULTS & DISCUSSION. 

The diseases investigated are summarized categorically below: 

FOOT & MOUTH DISEASE. 

Species Reported 
Incidence/ 
Total 
Population 

Area 
Occurrence/ 
Total 
Area 

Econo- 
mic 
Signi- 
ficance 

Control 
Program 

Total 
Sources 

Cattle 

Buffalo 

Swine 

80/1,196,863 

41/168,228 

21/383,522 

4/2S 2) 

2/15 

2/20 

3] 
jr9,240 

^2,000 

:Q.V.4) 

V.E, 

V.E. 

16 

5= 

12 

From the table above it is noted that a very low incidence of Foot 
and Mouth Disease has been reported in the areas surveyed. 

Note that there were four areas reporting FMD among cattle in the 
23 area -amp-ed.  The individual cases were not concentrated.   This 
indicates that there were no major outbreaks and implies that swift 
and effective suppressive measures were taken.   The same situation 
exists in the case of Buffalo and Swine affected with FMD.   The 
principal areas reporting FMD in all three species were Udorn and 
Konkaen.   Saraburi reported only 5 cases among 1,400 head of cattle 
at the Thai Danish Dairy farm (introduced from the outside by newly 
purchased animals) and Muak Lek reported 20 cases among swine, 
all on the Livestock station.   The Organization of Foot and Mouth 
Disease at Pakchong reported 26 cases in cattle, one in swine and 
20 in buffalo for all regions excluding the free zone located In the 
fai south of Thailand. 

Foot Note: 

1) i.e.   80 cases from a to*il sample of 1,196,863 head 

2) i.e.   four general producing areas out of 28 as defined by 
the one interviewed. 

i 
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3) I.e.   the total value of known losses due to death, does not 
account for ether economic loss such as "downtime" or 
Inefficiency of draft animals affected. 

4) i.e.   Q = quarantine; V.E. = voluntary elimination by owner. 
All tables are in this pattern and represent the period 
of 1 Jan - 31 Dec 71. C.E. = Completely eradicated; 
V = Vaccination. 

BRUCELLOSIS, 

Species Reported 
Incidence/ 
Total 
Population 

Area 
Occurrence/ 
Total 
Area 

Economic 
Signi- 
ficance 

Control 
Program 

Total    j 
Sources 

Cattle 

Buffalo 

Swine 

34/196,863 

*/168,228 

20/383,522 

10/28 

*/15 

2/20 

#33,000 

* 

^38,000 

V.E. 

V.E. 

V.E. 

16 

5 

12 

The findings of the survey of report-id incidence of Brucellosis shows 
only slightly higher rate than what was reported in 1968 by the USOM 
team in Loei Province.   A difference of .17% versus .01% in the Loei 
survey.   In cattle, abortion is the most frequently observed symptom. 
In swine, abortion and arthritis are seen most frequently.   The concensus 
of opinion of authorities interviewed in the field was that the farmers 
do not recognize brucellosis in cattle since most of the Bos indicus 
(native Indian stock)showing positive to serologic test do not show the 
abortion syndrome.   There is a greater incidence of abortion in swine, 
these same farmers do believe brucellosis is exists in this species. 
The same is true in Bos taurus (European stock) for the same reasons. 
The first Interview reported in annex B supports this opinion. 

It appears from the interviews that most buffalo and many of the 
native cattle are not being tested in the villages. 

The Forage Crop Station at Pakchong reported 10 of the total of 
34 reported in 1971.   These ten were from a total of 650 animals tested. 

* None reported. 
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'.    Leptospirosis, i. Rinderpest, 
'.<      Trichinosis. 

Encephalitis, 4. Anthrax, 

Species Reported 
Incidence/ 
Total 
Population 

Area 
Occurrence/ 
Total 
Area 

Economic 
Signi- 
ficance 

Control 
Progiam 

Total 
Sources 

Cattle */19b,363 */28 * (4)   V 
(1) CE. 
(2) C.E. 

16 

Buffalo */168,228 */15 * (1) Q.V. 
(2) C.E. 
(4)   V. 

5 

Swine */383,522 */20 * (1)   V.E. 12 

The five diseases listed at the top of the table have not been repoi^d 
from any of the areas surveyed for the year of 1971. 

However, provincial hospitals have seen encephalitis, trichinosis 
and even anthrax as reported by reliable sources outside this survey. 

The eating habits of Northeastern Thai people are conducive to 
transfer of these disease from animal to man, i.e. frequent consumption 
of uncooked or in adequately cooked meat. 

TUBERCULOSIS. 

Species Reported 
Incidence/ 
Total 
Population 

Area 
Occurrence/ 
Total 
Area 

Economic 
Signi- 
ficance 

C ontrol 
Program 

Total 
Sources 

Cattle 

Buffalo 

Swine 

23/196,863 

*/168/228 

*/383,522 

4/28 

*/15 

*/20 

JTIS 1,000 

* 

* 

V.E. 

V.E. 

V.E. 

16 

5 

12 

* None reported. 
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r 
T.B. in cattle was reported from Tab Kwang, Muaklek, Pakchong 

and Konkaen.   A total of 23 cases were reported from a sample of 
4,780 head tested in these four areas.   It appears that Buffalo and 
swine are not generally being tested for T.B.   The control measures 
seem to be grossly inadequate when left to a voluntary elimination 
basis.   The characteristic of infecting heterologous hosts is a main 
factor complicating control of tuberculosis. 

RABIES. 

Species Reported 
Incidence/ 
Total 
Population 

Area 
Occurrence/ 
Total 
Area 

Economic 
Signi- 
ficance 

Control 
Program 

Total 
Sources 

Cattle 

Buffalo 

Swine 

16/196,863 

V168,228 

V383,522 

5/28 

*/15 

*/20 

^43,600 

* 

* 

V 

V 

V 

Additional information from MEDCAP, at Udorn Air Base including 61 
villages within a 10 miles radius of the basa,   A total of 20,895 dogs 
were immunized with Rabies vaccine, 1,200 human exposures, 1,439 
suspected dogs and heads sent to the diagnostic laboratory, SEATO 
Med Lab, 62 of these cases were   positive.   This infectiojs disease 
affected mostly dogs, but all mammals Including human are susceptible. 

HEMORRHAG1C SEPTICEMIA. 

Species Reported 
Incidence/ 
Total 
Population 

Area 
Occurrence/ 
Total 
Area 

Economic 
Signi- 
ficance 

Control 
Program 

Total 
Sources 

Cattle 

Buffalo 

Swine 

147,196,863 

459,168,228 

25/383,522 

10/28 

7/15 

3/20 

^135,140 

^686,300 

V 26,600 

V 

V 

V 

*Kone reported 
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Hemorrhagic septlcemia was quite widespread.   In ten areas of the 28 
surveyed there were cattle affected.   Sev^n areas of 15 surveyed had 
a relatively high incidence.   The distribution of the disease was wide. 
Total economic loss was also heavy relative to total population of 
livestock in the Northeast region.   The chief method of control was by 
inoculation of a Pasteurella bacterln. 

HOG CHOLERA. 

Reported 
Incidence/ 
Total 
Population 

Area 
Occu. rence/ 
Total 
Area 

Economic 
Significance 

C ontrol 
Program 

Total 
Sources 

44/383,522 3/20 #23,150 Q.V. 12 

The number of incidence of hog cholera seems quite low to the 
investigators.   Since it is a common practice of villagers to slaughter 
and consume ailing animals, it is believed that the number of cases 
in the villages and not reported may be much greater.   Out of 44 cases 
reported, there were 29 cases from Kon kaen. 

Table II.   Serum JE Titer of the Horses in Topra Animal Breeding Section 
in August 1970. 

Name Titer Name Titer Name Titer 

Ngam'-gnae 320 Wang-ngen 640 Khab-rong 160 
Kraw-tiong 160 Wah-thamnleb 320 Chin tana 16Ü 
Ham yow 40 Sa-makki 40 Ngam-cham rieng 

40 
80 Ga-grabaad 320 Klin-pikul 160 Kah-archa 

Sia-sala 80 Kamchai 320 Khen-kham 80 
Wat-dhaporn 640 Hor-muad 80 Rong-long 320 
Chand-dhib 40 Cham-nancha 80 Chan-dhari 80 

At the 3rd animal breeding section in Tapra, twenty horses out of 
100 died from a disease of unknown etiology.   Treatment did not alter 
the clinical source of the disease whose clinical signs were suggestive 
of encephalitis to the breeding section veterinarians (See Annex B, 
interview #2).   The data in table I shows serum JEV titers on horses at 
the Tapra section as determined by the Japanese Virus Institute. 
Since JEV infections in domestic animals are widespread in Thailand, 
the significance of these titers in relation to the disease experienced 
in horses there is unknown. 

J 
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ANNEX A 

LIST OF PERSONS INTERVIEWED 

1.   Mr. Supote Slnlves 

2. Dr. Chamnean Satayapunt, 
D.V.M. 

3. Dr. Knud Vlnther, D.V.M. 

4. Dr. Pracal Smitinondana, 
D.V.M. 

5. Mr. Komchakr Pichalronna- 
rongsongkram 

M.S. Oregon State University 
Livestock Officer 
Tab Kwang Livestock Station 
Saraburl Province. 

Tab Kwang Student Training Tarm, 
Saraburl. 

Thai-Danish Dairy Farm 
Muak Lhek, Saraburl. 

Organization of Foot & Mouth Disease 
Laboratory, Pak-chong, Korat. 

M.S. Alanata University, P.I. 
Forage Crop Station, Pak-chong, 
Korat. 

6.   Mr. Anan Chlnvala 

7.   Dr. Sarmart Charanyanont, 
D.V.M. 

3.   Dr. Manlt Shanitwong, D.V 

9.   Lt. Vlchlan Uchamrut 

M.S. Agronomy 
Taphra Livestock Station Officer 
Konkaen. 

Veterinarian In-charge Taphra Livestock 
Station, Konkaen. 

M.   Veterinarian Local Practitioner 
Konkaen. 

3rd Animal Breeding Center Taphra 
Konkaen. 

10.   CO. McLeod 

11.   Mr. Prasitl Sanseha 

Farm Advisor, Borabu Pasture and range 
development center, Mahasarakarm 
N.Z. Columbo Plan. 

Animal Husbandry Officer 
Mahasarakarm Livestock Station 
Mahasarakarm. 
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12.   Mr, Nipon Chantarapoh M.S. PanjabAgr. University 
Chief, Dept. Animal Science 
Konkaen University 
Konkaen. 

13.   Dr. Michael M. Albersmeyer Chief, Vet Services 
432nd USAF Dispensary 
Udorn Air Force Base 
Udorn. 

14.   Mr. Prakarn Virakul B. Sc. Agr. 
Ban-Naka Agriculture Ejonomlc Center 
Nongkai. 

is.   Mr. Narong Sai-tong B.Sc. Agr. 
Chief, Demonstrated Farm 
Srichiengmai, Nongkai, 

16.   Mr. Vech Home-Wong Provincial Vet 
Nongkai. 

17.   Mr. KanchalTar-Horm Chief of Animal Breeding & Selection 
Center, Nongkai. 

18.   Mr. Arome Limpananont Acting Chief of Animal Breeding & 
Selection Center, Udorn. 

19.   Mr. Paktra Lert-Lum Regional Vet Udorn 

20.   Dr. Sanan Ratana-o-lan, 
D.V.M. 

M.S. Cornell Univ. 
Regional Vet Korat. 

21.   Mr. Preecha Chalbutut Increasing Protein Production Center 
Panomsarakarm 
Chacherngsao, 

22.   Prof. Tieng Tansanguan Dean of Vet Faculty 
Chulalongkoru University 
Bangkok. 

23.    Dr. Chua Wongsongsarn, 
D.V.M. 

Acting Director, 
Department of Livestock Development 
Bangkok. 
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24.   Mr. Sawaeng Thongsoot Farms Representative 
Borabu, Mahasarakarm. 

25.    Dr. C.P. Pllai Regional Vet Officer 
F.A.O. 
Bangkok. 

26.   Dr. Somnuk Srlplung Agriculture & Economic Section 
Ministry of Agriculture 
Bangkok. 

27.    Dr. Nuam Settachan Director 
Korat Provincial Hospital 
Korat. 

28.   Dr. Nopadon Thongsotit M. D. Konkaen Provincial Hospital 
Konkaen. 
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ANNEX B 

SUMMARY OF OPINIONS 

May 26. 1972:   Khun Supote Slnives, M.S., Oregon State, Livestock Officer, 
Tabkwang Livestock Station.   Farmers in and around Tabkwang 
are not convinced that Brucellosis exists.   Cows tested and 
found positive still bear live calves.   Especially this is true 
of native cows (Bos indicus) which are those most commonly 
raised.  Abortions are quite rare, thus the conclusion drawn 
by farmers. 

Bos taurus (European Cattle) on the other hand are quite sensitive 
to Brucellosis and have a high Incidence of the disease.   Those 
tested and found positive are also those which have aborted 
calves. 

The respondent reported that of a sample of BQS indlous tested 
in Tak, Chanwat, 60% were positive without abortion symtoms. 

May 28. 1972:   Lt. Vichient Uchamrut, 3rd Animal Breeding Section, Taphra, 
Konkaen, 20% of the horses show high titer on Japanese 
Encephalitis Seroioglcal test.   Disequilibrium of the head, neck 
and light reflex of the pupil is slow, muscular tremor, cool on 
extremities, monthly normal temperature rectal (38.5 C). 

Stallions are put paddocks with 20 mares and come in after 
One day with these symptoms.   In addition, some will hit 
their head on the wall and show hyperephldrosis,   Predisposing 
cause may be weakness or decrease in body defence from 
breeding and sudden changes in environment. 

The treatment given affected horses at this station, are 
intramural and intradural injections of antibiotics.   However, 
animals treated hav6 not responded to these treatments. 
Ultimately all of affected horses have died within 5 days. 

1032 



Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 045, Bacterial and mycotic diseases of man and animals 

Literature Cited. 

1.   References 

Boonthai, Prakorb, Director, Bamras Hospital, Nonthaburl, 
Thailand, 1971, Personal Communication. 

Morbidity and Mortality,US Dept. Health, Education, and Welfare, 
CDC, Vol.li:99, 25 March 1972. 

Morbidity and Mortality. US Dept. Health Education , and Welfare, 
CDC   Vol. 21:301, 30 Aug 72. 

Zen-Yoji, H., etal, Epidemiology, Enteropathogenicity, and 
Classification of V. parahaemolvticus. J. Inf. Dis. l£5:436. 

Benenson, M.W., Walter Reed Army Institute of Research, Saigon, 
1971, Personal Communication. 

Miramoto, Yasushi, et al, In Vitro hemolytic Characteristic of 
Vibrio parahaemolyticus:   Its Close Correlation with Human Patho- 
genicity. J. Bact. 100.: 1147, 1969. 

Lang, W.R. Pediatric Vaginitis, N.E.J. Med. 253: 1153, 1955. 

Heller, R.H. , J.M. Joseph, and H. J. Davis.   Vulvovaginitis in 
the pi-emenarcheal child. J. Ped, 74.:370, 1969. 

Rujirawongse, Prasert.   Public Health Report - Special Supplement, 
Bangkok Post, 5 Dec. 1971. 

1033 

■B* 



Cohn, A. , A, Steer, and E.L. Alder.   Gonococcal vaginitis: 
Preliminary Report on One Year Work, Ven, Dis. Inform. 21:259, 
1940. 

Nelson, W.E.   Textbook of Pediatrics, W.B. Sanders Co. , 8th Ed: 
1153, 1964. 

Roth, B, etal, J. Med. Pharm. Chem. 1: 1103, 1962. 

Hungate, R.E.   The Anaerobic Mesophilic Cellulolytlc Bacteria. 
Bact. Rev. .14 : 1, 1950- 

Moore, W.E.C.   Techniques for Routine Culture of Fastidious 
Anaerobes. Int. J. Syst. Bact. l£: 173,  1956. 

M'cMinn, M.T. and J. J. Crawford.   Recovery of Anaerobic Micro 
Organisms from Clinical Specimens in Prereduced Media Versus 
Recovery by Routine Clinical Laboratory Methods.   Appl. Micro- 
bial. 19:207, 1970. 

Moore, W.E.C, E.P. Cato, and L.V. Holdeman. Anaerobic 
Bacteria of the Gastrointestinal Flora and their Occurrance iu 
Clinical Infections. J. Inf. Dis. 119 : 641, :969. 

M'cDonald, J.B. , et al.   The Pathogenic Components of an Exper- 
mental Fusospirochetal Infection.   J. Inf. Dis. .98:15, 1956. 

Davis, B.P., R. Dulbecco, H.N.Esen, H.S., Ginsberg, and W.B. 
Wood.   Microbiology, 1967:833, Harper & Row New York. 

2,   Publication 

Lexomboon, U., Mansuwan, P., Dua-'gm^nl, C, Benjadol, P., 
and M'cMinn, M.T.   "Clinical Lvalue ^on of Co-trimoxazol and 
Furazolidone in Treatment of Shlgellosis in Children, Brit. J. Med, 
"in press". 

1034 



r 
«StAUCH AND TeCMHOUWY «OR UMT MMiMY 

u  
PMUV&M 

« MTttV 

72 07 01 DO-PHMftMH 

71 07 01 D. Change NA NL 
•ManC MTk*       I. LtVIL Of MM 
  RAC  

D, 
PHOMCT HUHMN TAtN AH* NUtWBn 

3A062nOABn 
WOm MHT HUMMR 

«. MMMRV 62110A -fitt- ;,W^iM 
*. CMTMWTtm 

assssssL. CTC5~1W?T ^St^MMM 
It. TITLIfr* 

(U1 Purasltle Infections of Man and Animals (TH1 
.«•ICAL MÜp >». ICICIITIPIC MO TtCMNOLOMCAL AM 

002600 Biology; 003500 Clinical Medicine; 01010O Microbiology 
ii mn ■!>■ Ial iu ■iiniiii HUM WWB ■ ■■        pi yWBBl HBBZ? — n nin un 
69 o: 

IfTSBTORTjnBT  

* osnvif ctCTtvt.       NA 

k MUMMIIi* 

« rvm 
ft NWO Or ««AUDI 

it. niiuiit umnm mr 
C0NT DA 

cnnnnmmn 
C. In-House 

«■ IWHUMU UTWATI » neriMMNAL MAM VM    k ruNn OI 

f. CUM. AMT. 

STHnsSlikl U& MiMilAf to« i l^^"^^- 

•MI»   Walter Reed Army Institute of Research 

AOO.IM,' Was. ington. DC 20012 

RlirONtiaLB INDIVIDUAL 

MAM. Buescher, COL E. L. 
.....MM»... 202-576-3551  

3.6 

m.»%» ommmmemsAmt* MM 

1.5 

162.0 

90.0 

*m& US Army Medical Component, SEATO 

Bangkok, Thailand 

II. «M.MAI, ill. 

MWMCIPAL INWUTIOATOM (inm**, «MM II V.t, AMAMM. MMIIIMMMI 

.««• Altstatt. COL L. B. 
TCumm. 984-4523 
WC.AL ..CUWTT ACCOUNT HUMMMi 

AHOCIATI IHVi.T.OATOM 

Foreign Intelligence Not Considered 

Paras 1 ti c^seaser 

. Wilks, LTC N. E. 
, Iber, MAJ P. K. DA 

nodiagnosi » 
'  tA  A' MMOACM.   I.  MWOOOI 

ar1a;(U)Host Parasite Re1ationsh1ps;(U Gnathostomiasis 
hnnhytlntngy;   m)AtttllttUm]  drugsi  (ll)lHrQfi1»ri««is  
tOfllMrlMMltf   *lJ*mt*              "  -   *- TICNMICAL OBJ.CTIV.. 

23. (U) To define the ecology of parasites of military importance in Southeast Asia 
providing estimates of the risk and consequences of Infections with these parasites and 
describing effective control measures. 

24. (U) Prevalence estimates for a given parasite are made in populations of Interest 
by serologlcal techniques and/or by Isolation and identification of the organism In 
clinical specimens.   The disciplines of clinical medicine, veterinary medicine, medical 
entomology, epidemiology and parasltology are utilized to Identify life cycles and the 
variables which influence transmission, clinical course and chemotherapy. 

25. (U) 71 07 - 72 06 Preservation of parasitized erythrocytes for re-invasion of 
malaria parasites in an in vitro system was successful for up to 1 year.   Studies on the 
susceptibility of the giEEbn to Strongyloldes continue; the proteolytic enzymes of 
E. histolytica continued to be studied; radio-active isoleucine uptake test for malaria 
growth measurement continues to be improved; the screening test for antimalarlal drugs 
in monkeys continues successfully; drug screening for gnathostomiasis has failed to 
produce an effective compound; and the iwrninodlagnosis of parasitic infections continue 
as oiagnostic as well as research technology using commercially prepared antigens; an 
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Walter Reed Army Institute of Research Progress Report, 1 Jul 71 - 30 Jun 72. 
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r 
Viability of Plapmodium falr:iparuin Frozen in Liquid Nitrogen in the 
Prosence of Dimethyl Sulfoxide. 

Principal Investiga.jrs: 

Assistant Investigators: 

Katchrinnee Pavanar.d, M.D. 
Peter K. Iber, MAJ» MSC 
Norman E. Wilks, LTC, MSC 

Bamyen Permpanich, R.N. 
Nipon CMuanak 
Prasit Sookto 

OBTECTIVE: To determine a simple and reliable method for long term 
preservation of plasmodium parasitized «rythrocytes for both in vitro 
and ir. ylvo uses. 

DESCRIPTION; The in vitro culture technique   developed In this 
laboratory offers an extensive approach to further investigation of 
parasite metabolism and response to drugs.  The source of intact 
parasites for these studies is limited to fresh blood specimens from 
patients and is seasonally dependent.  The glycerol preservation of 
parasitized cells which has been recommended2 was found Inapplicable 
for in vityo cultures.  Several different attempts have been made to pre- 
serve and retain the viability of intact parasites with least hemolysis 
upon thawing after long-term storage.  Different concentrations of 
dimethyl sulfoxide were added to washed parasitized cells to determine 
the optimum protection against damage due to freezing and thawing. 
A similar technique was used to preserve and store simian and rodent 
malaria for in vivo studies.  Viability of frozen P. falciparum  infected 
cells was studied jfl yitro by radiochemical and morphological methods. 

PROGRESS; Fresh blood specimens were obtained from patients admitted 
to Cholburi and SomdeJ Sri Racha Hospitals and kept at 40C before being 
processed. A control In vitro culture was made on an aliquot of each 
specimen.  Heparlnized blood was washed twice with Tyrode's solution, 
centrifuged at 1000 rpm in a cold centrifuge. A solution of DMSO in 
Tyrode's solution was added to washed packed erythrocytes.   Final 
concentrations of DMSO in oell suspensions were 8, 12 and 15 percent 
by volume. An aliquot of 0.5 - 1 ml of cell suspension was transferred 
into plastic tubing and immediately stored in liquid nitrogen.   Frozen 
cell suspensions were thawed rapidly in a solution of 5% glucose in 
isotonlc sai<ne at 420C.  To obtain a good recovery, an Instant thawing 
process was achieved by agitation of frozen cells in the prewarmed 
thawing solution.  Least hemolysis was seen in specimens containing 
12% DMSO.  Thawed cells were washed and suspended In culture medium 
containing C 4-isoleucine .   Growth of parasites in ylfro is demonstra- 
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14 ble by an increase In the incorporation of C    -isoleucine.   Morphology 
of the parasites was studied in serial stained slides made at the same 
time.   (In this study, no foetal cells were included in tne culture medium 
since the parasite growth was studied radlochemically). 

Two blood specimens stored in the presence of 12% DMSO for a period 
of 12 months were studied in vitro.   Despite the existence of hemolysis, 
the remaining Intact parasites resumed their viability in vitro and in- 
fectivity in vivo .   In both specimens, a two-fold increase in parasitized 
cells was seen after a 72 hr.   culture period.   (Patient P. from 0.6% to 
1.4% and Patient B 0.16% to 0.3%).   The C    -isoleucine incorporation 
rate showed a good correlation with the stages of parasite growth; i.e. 
radioisotope protein Incorporation was observed up to schizogony with 
no further incorporation being observed until merozoltes penetrated new 
red blood cells.  At thi» time, the incorporation resumes at a rate rela- 
tive to the increased parasltemia created by repenetratlon. 

Infectlvity df frozen simian and rodent malarias was demonstrable by 
Infection In susceptible laboratory animals. A specimen of P. knowlesi. 
stored for a period of 8 months, was injected into rhesus monkeys and 
produced a patent parasltemia on the third day.   Similar results were 
observed with £, beynhfi   in mice. 

SUMMARY; A simple method for long term preservation of Intact 
plasmodlum species is described.  P. faloiparum infected erythrocytes 
preserved in the presence of 12% DMSO and kept frozen in liquid nitro- 
gen for a period of 12 months resumed viability in vitro.   The Infectlvity 
of simian and rodent malarias was also well preserved by this method. 
Patent infections were demonstrable In susceptible laboratory animals. 
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Malaria Drug Screening Study 

Principal Investigator: 

Associate Investigators: 

Dennis O. Johnsen, MAJ, VC 

Alexander De Paoll, MAJ, VC 
Markpol Tingpalapong, DVM 
Prayot Tantlcharoenyos , DVM 
Robert L. Hlckman, MAJ, VC 

OBIECIIVE;   The purpose of this study Is to determine In macaque 
monkeys both the maximum tolerated dose and the antlmalarlal efficacy 
of drugs being developed for the treatment of malaria. 

DESCRIPTION:  The maximum tolerated dose of a drug Is determined by 
carefully observing monkeys as they receive Increasing doses of the 
test drug.  These clinical observations are supplemented by laboratory 
tests that serve as additional Indicators of toxic effect.   The therapeu- 
tic effectiveness of a drug is measured by how well It eliminates or 
reduces parasltemla In monkeys Infected with simian malaria.   Various 
doses of the test drug are given until a maximum to minimum therapeutic 
range is established.  AU monkeys are necropsled at the conclusion of 
testing to determine If sncntaneous diseases were present that might 
Influence the results 01 ..he test. 

PROGRESS:   During the period of time beginning 1 January« 1971 and 
ending 31 December, 1971, 313 monkeys were purchased for use in 
this program.   Of this total« 56 monkeys were local Macaca fascicularis 
(irus) and 257 were Macaca mulatta purchased in New Delhi, India. 
Prior to 1 January, 1971, 94 Macaca fascicularis thet-were on hand and 
could not be used when the decision was made to employ rhesus monkeys 
In the program.  Six others were used as parasite donors and 58 were 
lost as a result of spontaneous diseases that made them unsuitable for 
use In the program.  As of, 31 December, 60 monkeys remained on hand 
for use In tests to be run during early 1972.   During calendar year 1971, 
24 drugs were tested for tralcity (II test) and 12 complete tests for 
therapeutic effectiveness (12 tests) were begun.  These tests included 
the testing of seven "known" drugs that we/e supplied for initial test- 
ing and standardization. 
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Comparative Pathophysiology of Strains of E. histolvtica. 

Principal Investigators: Norman E. Wilks, LTC, MSC 
Pirom Phisphumvidhi, B.Sc. 

OBTECTIVE;    To investigate the comparative invasive traits of strains of 
£. histolvtica in SE Asia to determine whether differences in proteolytic 
enzyme activity account for some strains colonizing In the liver rather 
than producing the classical colonic ulceration with typical ameblc dys- 
entery. 

DESCRIPTION; As previously reported (Annual Report 1970-1971) enzymes 
studied are aminopeptidase using glycine as a standard; dipeptidase us- 
ing glycylglycine as a standard; pepsin; trypsin; carboxypeptidase; 
hyaluronidase; hydrolase using casein, hemoglobin and gelatin as sub- 
strates.  Axenic strains of amebae are cultivated in a monophaslc media 
which permits harvesting of relatively clean populations.  Attempts are 
made to culture amebae from colonic lesions, ameblc abscesses and 
from cyst passers without symptoms. 

PROGRESS; Several attempts to adapt isolates of E. histolvtica   to the 
monophaslc media have been unsuccessful, and enzymatic studies have 
been restricted to the axenic strains HK-9, HLT10 and HLT12.   HK-9 is 
a strain isolated by W.W. Frye from proctoscoplc material several years 
ago and is a common culture to many laboratories.   HLT10 was isolated 
directly from the pus of a liver abscess in August, 1970, by Dr. L.T. 
Wang from a  patient in Taiwan who suffered from dysentery as well as 
multiple liver abscesses.   HLT12 was also isolated by Wang in November 
of the same year from a liver abscess.  The homogenates of these strains 
were prepared by washing the parasites 3 times in physiological saline, 
counting them in a hemacytometer and the homogenizing them in an ice 
bath.   Following centrifugatlon at 12,000 rpm for 10 minutes the   super- 
nate was used for the enzyme assays.  The activity of enzymes was 
measured by spectrophotometric analysis. 

The enzyme activities determined for these three strains differed only 
in the hyaluronidase activity. As shown in Table I, this enzyme was 
detected to be of low level activity in strains HK-9 and HLT10, and was 
absent in HLT12. 

The World Health Organization Expert Committee report No. 421 suggests 
that amebae cultured ^ vitro in the presence of cholesterol, or if the hosts 
are given high doses of this steroid by mouth, it is possible to convert 
non-invasive strains isolated from asymptomatic human subjects into 
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invasive strains indistinguishable from those isolated from patients with 
amebic dysentery.   To test this, the strains cultured in this laboratory 
were placed in media containing 0.05 mg cholesterol per ml.   When 
analyzed for enzymactic activity the only difference detected was in the 
hyalurcnidase activity (Table I).   Strain HK-9 advanced from weak activ- 
ity (±) to a strong positive (+), and where it had been absent in strain 
HLT12 the enzyme was readily detected after the introduction of the 
cholesterol. 

Hamsters 4 weeks old were inoculated directly Into the liver with the 
HK-9 strain cultured both in the presence and absence of cholesterol. 
After two weeks the animals were examined for abscess formation.   No 
lesions were present in those hamsters which had received the amebae 
not exposed to cholesterol,,and one abscess was found in one hamster 
which received the culture with cholesterol.   Microscopic examination 
of this abscess revealed E. histolvtica.   The numbers of hamsters 
were small (4 In each group) and  no significant conclusions can be 
drawn from this attempt.   Further studies to elucidate this suggested 
enhancement of pathogenicity are in progress. 

SUMMARY;   Enzyme analyses of three strains of axenically cultured 
£. histolvtica showed differenc3s only in hyaluronidase activity. 
This enzymatic activity was enhanced in two strains by culturing the 
amebae In the presence of cholesterol.  An amebic abscess was pro- 
duced In a hamster after exposing the amebae to cholesterol. 
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Immunodlagnosis of Parasitic Infections 

Principal Investigator: Norman E. Wilks, LTC, MSC 

Associate Investigators:        Wliliam L. O'Brien, SP6 
Prasit Sookto 
Prasan Kaewsritong, B.Sc. (M.T.) 

OBTECTIVE:   To employ commercially prepared antigens and experimen- 
tally developed antigens in the SAFA test and the IHA test for screen- 
ing patients with suspected ameblasis, filariasls, malaria and gnathosto- 
miasls. 

DESCRIPTION:   Under contract with the R&D Command, Parke-Davls 
and Co. has produced two antigens which have been standardized in 
preparation and In the resulting nitrogen content per mllllllter of fluid. 
One has been prepared from axenic cultures of E. hls^olvtica , the other 
from D. ^mmitis.    The antigens may be used in both the SAFA and IHA 
test systems.   An antigen has been prepared at WRAIR Intended for use 
in the diagnosis of J^ falclparum infections, and an antigen is being 
developed in the SEATO Medical Laboratory for the detection of patients 
with gnathostomlasis.   It is Intended to test these antigens for specifi- 
city and sensitivity with sera from a population with a broad spectrum 
of infection and immunity, and to provide a reference diagnostic capabi- 
lity in support of other U.S. installations in SE Asia. 

PROGRESS: A disparity in test results with the Parke-Davls antigen for 
the diagnosis of ameblasis by the SAFA test was reported in the last 
annual report (1970-1971).   This has been rectified and the antigen has 
produced good results over the past reporting period.  The SAFA and IHA 
now provide nearly equivalent results.   Positive results have been con- 
firmed locally by the demonstration of the amebae. 

Serum samples were obtained in Vietnam from 1339 newly arrived troops 
and from 1102 soldiers who were departing that command.  These sera 
were screened for filariasls and malaria with the following results: 

Number positive 
Arriving Departina 

Filariasls 38 25 
Malaria 4 14 
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The Incidence of positive SAFA results for malaria were anticipated, but 
the Increased number of positive findings for filariasis among arriving 
troop? was not.    There is the  possibility that personnel with past 
Vietnam experience were among the arriving group.  They may have also 
had inapparent infections with Dirofilarla Immltls in the past.   SAFA tests 
for amebiasis were not performed. 

An attempt to develop an antigen to be used In a SAFA test for gnathosto- 
mlasis continues.   During the reporting period fresh larvae from Infected 
mice produced a weakly reactive fraction which gave significantly higher 
fluorescent responses in 3 of 5 suspected cases of gnathostomlasis. 
These three continue to experience the symptoms associated with mi- 
grating gnathostome larvae.  One of the positive sera was from a patient 
who was also strongly positive for filariasis.   Symptoms of both infec- 
tions were clinically present. 

A recent trip to a town 100 km west of Bangkok where there is an 
abbatoir noted for its pork production yielded over 100 adult Gnathostoma 
hispidum .   These worms were frozen in liquid nitrogen and brought to 
SMRL for antigen preparation, a process underway at this time. 

SUMMARY;   The SAFA test has yielded satisfactory results in the detec- 
tion of amebiasis and filariasis .which are comparable to those obtained 
by IHA.   The test for malaria has not produced conclusive results yet. 
A reactive fraction for the detection of gnathostomlasis has been obtained 
and additional antlgenic extracts are in preparation. 
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Chemqtherapy of Gnathostomlasls. 

Principal Investigator: Professor Svasti Daengsvang, Med.D, 

Assistant Investigators: Phaibul Sirichakwal, B.Sc. 
Paisarl Yingyourd, B.Sc. 
Rapee Machinmastha, B.Sc. 

OBJECTIVE: To determine the effect of oral administration of drugs 
on white mice infected with Gnathostoma spinigerum larvae.   The drugs 
selected have been used effectively in the treatment of certain hel- 
minthic diseases but have yet to be used in treating gnathostone in- 
fections. 

DESCRIPTION: (1) Bithionol or Bitin. 2. 2'-thiob1s (4.6-dichlorophe- 
nolj oral Tdninistratlon. 
Previously, (Annual Progress Report 1971) oral administration of 
Bithionol to a small number of adult white mice, each weighing ?3-38 
grams, infected with Gnathostoma spinigerum larvae (40 mg/kg body weight) 
showed little or no effect on the parasite.   During this reporting 
year 1972, repeated studies were undertaken by oral administration of 
the drug in distilled water, in 10% ethanol and In 0.5% ir.L^ocel 
(methyl cellulose) to adult white mice Infected with G. sp'n gerum lar- 
vae.   Dosage, 40 mg/kg boc|y weight every other day.   ÄutopsiT ■ were 
performed on mice! after completing the experiment.   An lllumiiated 
examination box and microscope were used to determine the pre .ence of 
worms in tru muscles and visceral organs. 

(2)   Thiabendazole (MK-360), 2-(4-Th1a2olyl benzimidazole) oral adminis- 
tration. -~ - -^ «   - ™ 
A preliminary study on the effect of Thiabendazole chemotherapy in dis- 
tilled water with or without 0.05% hydrochloric acid on InduccJ gnatho- 
stomlasls In white mice by oral administration was reported In the Annual 
Progress Report 1971.   No effect on the parasite was observed.   During 
1972 repeated studies were undertaken by oral administration of the drug 
in distilled water and In 0.05% hydrochloric acid to more adult white 
mice infected with G. spinigerum larvae. 

Eleven white mice were infected orally with G. spinigerum fully developed 
larvae In cvclops of which 7 were treated byn4 doses of 50 mg/kg body 
weight of the drug In distilled water and 4 used as controls.   Seventy- 
one white mice were Infected each with 5 G. spinigerum advanced thlrd- 
staae larvae obtained from other InfectecTmice, of which 10 were treated 
by 14 doses of 50 mg/kg body weight of the drug In 0.05% hydrochloric 
add and 5 used as controls, 37 were treated by 14 doses of 100 mg/kg 
body weight of the drug In distilled water and 19 used as controls. 
Autopsies were performed after completing the experiment. 

Resigned In September 1971 
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(3) Niridazole (Ambilhar. Clba). 1-(5-nitro-2-thiazo1y1)-2-1iiiidazoH- 
dinone or"C1ba 32. 644-Ba oral'aditilnlstratlon. 
Prevelously, (Annual Progress Report 1971) Niridazole was prepared fresh 
at 1 mg/ml distilled water for oral administration at a dally dosage 
of 25 mg/kg body weight.   During this reporting period continuation of 
this experiment and a new study on additional mice with increased con- 
centration of the drug in distilled water at a daily dosage of 50-100 
mg/kg body weight for 10 days were undertaken.    In total, 132 adult 
white mice were orally infected with G. spinigerum larvae; 93 were 
treated with 25, 50 and 100 mg of the drug per kilo body weight daily 
for 10 doses, and 39 were used as controls.   Autopsies were performed. 

(4) Banocide (Hetrazan) or Pi ethylcarbamazine citrate (1-dlethyl-carba- 
im'1-4-methvlp1perazine dihydrogen citrate) oral administration. 
DiethylcarDamazine administerea per os is rapidly absorbed and excreted 
in various forms In the urine within 1-2 days.   This drug rapidly 
eliminates circulating microfilariae and tends to act more slowly on 
the adult worms of Wuchereria bancrofti.    Large doses of Hetrazan killed 
the adults and developing stages of Dracunculus medinensis (Faust, 
Russell and Jung 1970).   The drug usually destroys the microfilariae 
of Onchocerca volvulus in the skin within a few days but has little 
effect upon the adult worms (Hawking 1958).    Banocide is now being 
studies to determine its effectiveness by oral administration at a da.1 • 
dosage of 6 mg/kg body weight for 15 doses in distilled water and admin- 
istered to 39 adult white mice i pd orally with 5 G. spinigerum ad- 
vanced third-stage larvae.   Twen  / ,   ,  cted white mice were used as 
controls.   Autopsies were perfoi,   H 

(5) Niridazole (l-(5-n1tro-2-th1azolyl)-2-1m.idazolid1none or Clba 32, 
644 Ba) combined with Hetol (1,4-bls-trichloroniethylbenzol) oral adnin- 
1 strati on. 
Hetol has been used for treating cattle infected wltli liver flukes with 
satisfactory results (Enigk and Duwel 1960).   Yokogawa et al. (1965) 
successfully treated Clonorchls sinensis infections in animals with 
Hetol (Hc?chst).   The combination of Niridazole 100 mg and Hetol 50 mg/ 
kg body weight in distilled water was orally administered, daily for 
10 doses, to 40 experimental white mice after each being Infected with 
5 G. spinigerum advanced third-stage larvae.   Ten Infected white mice 
were used as controls.   Autopsies were performed. 

(6) Banocide (Hetrazan) or Pi ethyl carbamazine citrate combined with 
Bithionol (Bitin) oral administration. 
The combination of these Z druas was prepared In distilled water for 
oral adnlnlstratlon to white mice after being Infected with 5 G. spin- 
igerum advanced third-stage larvae at a dally dose of BanocideHO mg 
and Bithionol 50 mg/kg body weight for 15 doses. 

PROGRESS; (1) Bithionol or Bltln.   Table 1 sunmarlzes the results of 
chemotherapy on induced gnathostomiasls in adult white mice by oral 
administration every day for 20 doses of Bithionol In distilled 
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water, in 10% ethemol and in 0.5% methocel {methyl cellulose).   The 
results of autopsies on the treated and control white mice after com- 
pleting the treatment showed (a) drug in distilled water: found in 
54 treated and 20 control mice 14% and 13% G. spinigerum living ad- 
vanced th-;rd-;.tage larvae respectively, (b) drug 1n 10% ethanol: round 
in 59 treated and 23 control mice 22% and 12% G, spinigerum living ad- 
vanced third-?tage larvae respectively, (c) drug In 0.5% methocel: found 
in each group of 42 treated and 2?. control mice 21% G. spinigerum 
living advanced third-stage larvae,   The drug appears to have no thera- 
peutic effect on the infected mice. 

(2) Thiabendazole.    The findings of the repeated studies of chemo- 
therapy on white mice infected with G, splnigeruiri larvae treated by 
oral administration of this drug in (Tistillea water and in 0.05% hyro- 
choric acid at dosage of 50 tng/kg body weight and in distilled water 
at dosage of 100 mg/kg weight showed no significant difference between 
the treated mice and controls (Tables 2 and 3).    The drug appears to 
have no therapeutic effect on the infected mice. 

(3) Niridazole (Ambilhar, Ciba).   Daily oral administration of Niri- 
dazole in distilled water to white mice infected with G. spinigerum 
advanced third-stage larvae at dosages 25 mg, 50 mg ancl 100 mg/kg body 
weight for 10 doses showed no effect on the parasite.    In a total of 
10 treated mice administered 25 mg/kg body weight and 53 treated mice 
given 50 mg/kg body weight found on autopsies after completing the 
treatment 17% and 23% living advanced third-stage larvae respectively, 
compared with 17% living larvae found In the 25 controls.   Another 30 
Infected white mice treated with 100 mg/kg body weight showed on auto- 
psies 51% advanced third-stage larvae compared with 54% of the larvae 
found in 14 control mice {Tables 4 and 5).   This drug appears to have 
no therapeutic effect on the infected mice. 

(4) Banoclde {Hetrazan) or DietK  carbamazine citrate.   The findings 
showed no significant difference oetween the treated mice and controls. 
The 39 treated mice yielded a total of 133 {68%)  living advanced third- 
stage larvae in the livers and/or body muscles.    The 20 control mice 
examined showed 67 (67%) living advanced third-stage larvae also in 
the livers and/or body muscles {Table 6).   It therefore appears to 
nave no therapeutic effect in Infected mice. 

{5) Niridazole (l-(5-nitro-2-thiazplyl)-2-im1dazo1id1noP   er Ciba 32. 
644 Ba) combined with Hetol {1. 4-bls-trichWoniethylberi->in   TFii 
findings on autopsies of the experimental mice showed no sTgnlf 1 cant 
difference between the treated mice and controls (Table 7).   The 40 
treated mice found In a total of 130 (65%) living advanced third-stage 
larvae in the livers ard/or bo4y muscles.   The dally oral administrati- 
on of conblned Hetol and Niridazole for 10 doses showed no therapeutic 
value in the Infected mice. 
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water, In 103! ethanol and In 0.5% methocel (methyl cellulose).   The 
results of autopsies on the treated and control white mice after com- 
pleting the treatment showed (a) drug In distilled water: found In 
54 treated and 20 control mice 14X and 135; G. splnlgerum living ad- 
vanced third-stage larvae respectively, (b) drug in 10» ethanol: found 
in 5S treated and 23 control mice 22X and U% G. splnlgerum living ad- 
vanced third-stage larvae respectively, Cc) drug in 0.5% methocel: found 
in each group of 42 treated and 22 control mice 21% G. splnlgerum 
living advanced third-stage larvae.   The drug appears to have no thera- 
peutic effect on the Infected mice. 

(2) Thiabendazole.   The findings of the repeated studies of chemo- 
therapy on white mice infected with G. spiniqerum larvae treated by 
oral administration of this drug In cflstilled water and in 0.05% hyro- 
choric acid at dosage of 50 mg/kg body weight and in distilled water 
at dosage of 100 mg/kg weight showed no significant difference between 
the treated mice and controls (Tables 2 and 3).   The drug appears to 
have no therapeutic effect on the Infected mice. 

(3) Nirida>ole (Ambilhar. Ciba).   Daily oral administration of Niri- 
dazole in distilled water to white mice infected with G. spinigerum 
advanced third-stage larvae at dosages 25 mg, 50 tng an? 100 mg/ka body 
weight for 10 doses showed no effect on the parasite.   In a total of 
10 treated mice administered 25 mg/kg body weight and 53 treated mice 
given 50 mg/kg body weight found on autopsies after completing the 
treatment 17% and 23% living advanced third-stage larvae respectively, 
compared with 17% living larvae found in the 2'5 controls.   Another 30 
infected white mice treated with 100 mg/kg body weight showed on auto- 
psies 51% advanced third-stage larvae compared with 54% of the larvae 
found in 14 control mice (Tables 4 and 5).   This drug appears to have 
no therapeutic effect on the infected mice. 

(4) Banoclde (Hetrazan) or DietH, carbamazlne citrate.   The findings 
showed no significant difference between the treated mice and controls. 
The 39 treated mice yielded a total of 133 (68%) living advanced third- 
stage larvae in the livers and/or body muscles.   The 20 control mice 
examined showed 67 (67%) living advanced third-stage larvae also in 
the livers and/or body muscles (Table 6).   It therefore appears to 
have no therapeutic effect in infected mice. 

(5) Nlridazole (l-(5-nitro-2 
644 Ba) combined wfth HetoTTT. 

th1azolyl)-2-lm1dazo1id1none or Ciba 32, 
4-bis-trichloroniethylbenzol). TfiT 

findings on autopsies of the experimental mice showed no signif 1 cant 
difference between the treated mice and controls (Table 7).   The 40 
treated mice found in a total of 130 (65%) living advanced third-stage 
larvae in the livers and/or body muscles.   The daily oral administrati- 
on of ccmbined Hetol and Niridazole for 10 doses showed no therapeutic 
value in the infected mice. 
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(6)    Banoclde (Hetrazan) or Diethylcarbainazlne citrate combined with 
Blthlonol (Bitin).   This experiment on mice infected with G. splnlgerum 
advanced third-stage larvae Is still In progress. 

SUMMARY;   Oral adnlnl strati on of Blthlonol, Thlabendazole, Nlrldazole. 
Banoclde, and Nlradazole combined with Hetol seems to have no thera- 
peutic value In experimentally induced gnathostomlasls In white mice. 
The oral administration to mice Infected with G. splnlgerum advanced 
third-stage larvae with combined Banoclde and fflthlonoi Is "now In pro- 
gress. 
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Studies of New Experimental Hosts Life Cycles and Modes of Trans- 
mission of Gnathostomes. 

Principal Investigator: 

Assistant Investigators: 

Professor Svastl Daengsvang, Med.D. 

Palsarl Ylngyourd, B.Sc. 
Rapee Machlmasatha, B.Sc. 

OBJECTIVE: To locate new experimental host animals susceptible to 
Snathostoma splnlgerum, G. hlspldutn and G. doloresl and to determine 
the life cycle of G. vlethamlcum. 

DESCRIPTION; Young fresh water shrinps (Macrobrachlum rosembergi) 
and adult M. mlrablle (Kemp) from the Bangkok area were obtained 
and testecTas possible paratenlc hosts of G. splnlgerum.   Advanced 
third-stage larvae from Infected laboratory white mice were fed 
four M. rosembergi and maintained In fresh water. 

Pieces of white mice flesh that had been Infected with 55 gnatho- 
stome larvae were also fed to the four M. rosembergi.   Three M. 
mlrablle were fed 24 gnathostome larvae.   The Z groups of tested 
shrimps were autopsled 6-22 d*ys and 3-16 days respectively after 
commencement of the experiment.   Pieces of mice flesh Infected with 
16 G. hlspldum advanced third-stage larvae were fed to a four week 
old"chkken.   The chicken was autopsled 31 days after the feeding. 
A study was undertaken to determine whether fresh water fish would 
act as a possible Intermediate host for G. vletnamlcum.   Many cyclops 
Infected with 16 6. vletnamlcum fully developed larvae were placed 
Into a beaker containing 2 adult small fighting fish (Tri chops Is 
vlttatus).   The fish were examined 21 and 60 days later. 

In order to determine the natural Infection, other shrimps, chickens 
and small fish obtained from the same areas were autopsled for the 
presence of gnathostomes. 

PROGRESS; The results of experimental feeding of G. splnlgerum ad- 
vanced third-stage larvae obtained from experlmenFal white mice and 
fed to fresh water shrimps were as follows: 

Number of shrimps Larvae fed and source Autopsy 
results 

4 Macrobrachlum rosembergi 55 larvae from white mice 

24 larvae from white mice 

None (controls) 

None (controls) 

Neg.at 6-22 days 

3 M. mlrablle (Kemp) 
17 M. rosembergi 

279 M. mlrablle (Kemc) 

Neg.at 3-16 days 

Negative 

Negative 
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It appears fresh water shrimps can not act as paratenlc hosts for 
G. spinigeruni, but 1n as much as so few shrimps were studied, future 
studies should be expanded. 

Advanced third-stage larvae of G. hispidum obtained from white mice 
and fed to one chicken and the control were negative, but repeated 
studies using more animals will be performed later. 

The results of feeding G. vietnamicum fully developed larvae in jyclops 
to small fighting fish showed, after 21 days, one living larva in the 
stomach wall of the fish which was of the same morphology and size 
of larvae found in ryclops.   The controls were negative.   This result 
indicates that the larva in cyclops could not develop in the fish. 
Repeated studies using more animals are planned.   Studies on 
G. do!ores 1 were not conducted during the reporting period. 

SIHMARY: Fresh water shrimps and a chicken were found on autopsies 
to be negative for gnathostome infection after the experimental feeding 
with 6. spin Ige rum advanced third-stage larvae to the former, and 
6, hispidum larvae to the latter.   One of two experimental fresh 
v.ater fish was found to contain in its stomach wall, 1 living 
G. vietnamicum undeveloped larva on autopsy 21 days after being fed 
with the fully developed larvae In cyclops. 
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Strongyloidiasis in the Gibbon 

Principal Investigator: Alexander De Paoli, MAJ, VC 

Associate Investigators: Norman E. Wilks, LTC, MSC 
Dennis 0. Johnsen, MAJ, VC 

OBJECTIVES:     The study was initiated to: 

1. Determine the susceptability of gibbons to S. stercoralis from 
man. 

2. Compare the natural disease with that produced by the human 
parasite. 

DESCRIPTION:    Previous studies have shown that strongyloidiasis is a major 
cause of death in the gibbon colony.    Clinically and pathologically the 
disease in the gibbon is similar to that reported in man.    The nematode 
responsible for the gibbon disea.e is morphologically similar to S. 
stercoralis in man.    Its relationship to the human parasite, however, has 
not been determined. 

PROGRESS:    A study is presently under way to evaluate the above objectives. 
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Gibbon Menstrual Cycle & Breeding Study 

Principal Investigator: 

Associate Investigators: 

Markpol Tingpalapong, DVM 

Robert L. Hickman, MAJ, VC 
Dennis O. Johnsen, MAJ, VC 
Prayot Tantlcharoenyos, DVM 

OBIECTIVE;  To develop methods of breeding and rearing gibbons in 
the laboratory environment. 

DESCRIPTION:   In this study the reproductive cycle of the female 
gibbon and semen of the male gibbon are characterized and related to 
other physical parameters of breeding performance with the ultimate 
goal of obtaining reproduction of the gibbon in a laboratory environ- 
ment.   This basic information Is utilized in the application of artifi- 
cial insemination techniques as well as natural mating methods. 

PROGRESS: 

Natural Breeding Study. 

Eight gibbon breeding pairs w«rfl kept in the large outside breeding 
cages continually.  These breeders were selected from among mature 
gibbons kept indoors.   Breeding potential was evaluated in these 
animals by regularity of the reproductive cycle in the female, good 
physical appearance, and normality of semen in the male as evaluated 
by gross and microscopic examination.   Females were palpated rectally 
each month to detect pregnancy.   Enlargement of uterus was found to be 
detected as early as seven months prior to the delivery, in pregnant 
animals (B-27).   There were 4 babies born during the period of this 
report.   Pertinent data concerning these births is listed in Table 1. 

Table 1 

Delivery Female Male Baby 
Date Number Number Number 

May 4, 71 B-37 S-76 Pc-8 
July 26,71 B-4 B-8 Pc-9 
Oct 12,71 B-59 B-2 Pc-10 
Oct 15, 71 B-ll B-12 Pc-11 
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The time of ovulatlon of the female gibbon has been determined by 
direct observation of the ovaries at certain times of the female reproductive 
cycle.   Laparotomles were performed In three animals at varying periods 
of times after the commencement of periodic bleeding in the females. 
The results of these examinations are shown in Table 2.   Such examinations 
done previously in gibbot s at periods of time between 11 and 16 days 
following the commencement of bleeding showed no evidence of ovulatlon. 
Thus, it appears that ovulatlon In the gibbon occurs shortly after the 
time bleeding commences as in the dog and other lower mammalian 
species. 

Table 2 

Species I.D.* Date 

Hours after 
beginning 
of bleeding Observations 

H. & B-66s Jun 29,71 45 The left ovary con-     i 
talneo 3 mature           1 
follicles; there was    j 
evidence of folllcular 
rupture.                        | 

IL kr B-14s Jul 1,71 72 The left ovary con- 
tained a hemorrhagic 
focus, apparently 
the result of folllcu- 
lar rupture. 

1   H. Dlllatus B-85 Jul 12,71 60 Enlarged fimbria^horn 
and body of uterus, 
a hemorrhagic focus 
found on the surface 
of the left ovary; an 
atretic follicle also 
present.                        | 
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To test i-us Information concerning the time of ovulatlon sixteen 
female i, .-bons were Inseminated artificially 44 times according 
to the rchf iulo shown In Table 3.   The females were Inseminated 
at 48,   ?, ana 96 hours after bleeding commenced.   Fourteen male 
glbbo. ~ served as semen donors.   Semen was collected from these 
amni'.ls a total of 53 times.   Three kinds of semen diluents were 
used;   3% Sodium Citrate 10 times, Isotonlc saline 24 times, and 
homologous serum from the semen donor 13 times.  There have been 
no pregnancies detected In animals that have been bred artificially. 

Table 3 

1 Hrs. 
after 

Female data Total   { 
1 i     i 

bleed S2 S10 S20 S27 S70 S78| S92 S96 B14s B66s B35 BB8 P2 FS P7 DZ1 

48 1 - 1 1 1 - 1 5 1 2 1 1 1 - - - 16 

72 1 1 1 - - 1 - 3 1 3 3 - - - 3 - i    17 

96 2 - - - - 1 - 1 1 - 4 - - 1 1 U 

Male data 
Total 

S5 SIS B25 |S28 |S65 683 3981 5102 B39 B40 B56 B6 P16 JOZ2 
#times 1 
semen 
collect ed      1 2 1 2 1 2 15 1 1 2 7 1 2 14 52 

Pregnancy testing was done In all females that did not bleed within 1 
month after Insemination.   Pregnosticon planotest (Organon) was evaluated 
for pregnancy testing In the gibbon.   A positive test for pregnancy In this 
test is based on the presence of chorlon gonadotrophin (HCG) in the urine. 
When HCG is present in the urine test an agglutination reaction occurs 
between HCG antibody reagent and this hormone.   Rectal palpation was 
used to confirm the result of the urine test. i 
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Table 4 

Artificially bred females Naturally bred females 

?# S27 S10 S20 DZ1    1     B59 Bll 

Agglutination + - - + - 

Rectal palpa- 
tion - - - + + 

Delivered 
young - - - - + + 

In addition, gibbons B-59 and B-ll, which were pregnant animals biad 
naturally« were control animals for the urine test; the uterus of both 
animals was enlarged   on palpation and each delivered a baby a few 
months later.  The results of comparing the test for HCG and rectal 
palpation for pregnancy determination in the gibbon are shown in 
Table 4.   Necropsies were performed on both S27 and DZ-1 when they 
died from other causes and both were found to ba non pregnant.   Thus 
It appears that this particular urine test is not reliable when used for 
pregnancy testing in the gibbon. 

i 
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Sallcylate Toxlcity In Monkeys 

Principal Investigator: 

Associate Investigator: 

Allen M.    Glasgow, MAJ, MC 

Robert L. Hlckman, MAJ, VC 

OBJECTIVE:  The etiology of Reye's syndrome Is unknown.   One 
possible cause that has been suggested Is the Ingestion of sallcylate. 
In man, sallcylate Intoxlca Ion Is clinically   very similar to Reye's 
syndrome.  This study was an attempt to produce Reye's syndrome 
In young monkeys by administering salycllate. 

DESCRIPTION;  The study was to be conducted In 2 parts;   one acute. 
Involving administration of 150 mg of sallcylate per kg. body weight 
every 6 hours for 48 hours to fasted animals, and one chronic« 
Involving the administration of 40 mg. of sallcylate per kg. body 
weight every 8 hours for 10 days to unfasted monkeys.   Blood, spinal 
fluid and liver biopsies were to be collected before/during and after 
the study.  All animals were to be observed regularly for clinical 
signs of Illness and were to be euthanized and necropsled 8 hours 
after the last treatment.  Control animals were to be administered 
sodium chloride in equivalent amounts and handled similarly. 

Detection and evaluation of Reye's syndrome was to be based 
on clinical observations; changes in blood glucose, CO,, SCOT, 
SGPT. and prothrombin time; alterations in spinal fluid glucose and 
glutamlne levels; and histopathologlc changes in the liver, kidneys, 
heart and brain. 

PROGRESS:   The acute phase of the study was conducted with 
5 Macaca fasclcularis. 3 receiving sallcylate and 2 sodium chloride. 
In this preliminary trial, clinical, biochemical and pathological 
changes occurred but they could not be satisfactorily differentiated 
from the changes observed In the control animals which presumably 
were due to the prolonged fasting (96 hours).  Before the study could 
be modified and repeated, the principal investigator departed.   No 
further Investigation is contemplated. 

SUMMARY;  The results of a preliminary study of the possible rela- 
tionship between acute sallcylate intoxication and Reye's syndrome 
were Inconclusive. 
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Leukemia in the Gibbon 

Principal Investigator: 

Associate Investigators: 

Alexander De Pa oll, MAJ, VC 

Walter W. Noll, MAJ, MC 
Dennis O. Johnsen, MAJ, VC 

OBIECTIVE:  The objective of this study Is to determine the Incidence of 
leukemia In the gibbon colony, characterize clinically and pathologically 
this disease In the gibbon, and to evaluate Its transmissablllty. 

DESCRIPTION: Gibbons In the SMRL animal colony are screened periodically 
to detect developing cases of leukemia.   Gibbons in which leukemia has 
been detected are placed under close observation and clinical, hematologlcal, 
and pathological methods are employed to characterize the development of the 
disease.   Necropsies are done on gibbons that die and tissues from them 
have been Inoculated Into gibbons and other laboratory animals to determine 
if the disease is transmissible. 

PROGRESS;   Two additional cases of granulocytic leukemia were detected in 
the gibbon colony during the report period.   Clinical, hematologlcal, patho- 
logical studies have shown the 2 cases are similar to those observed in 
earlier cases.   A bone marrow suspension from one of the gibbons was inocu- 
lated intraperltoneally Into 2 baby gibbons, 2 stumpy tailed monkeys, mice, 
hamsters, and guinea pigs.   Mo changes suggestive of leukemia have occurred 
in any of these animals except for one gibbon.   One baby gibbon died 3 months 
after inoculation as a result of a laboratory accident .The second young gibbon 
developed a disease which was identical to that observed in the spontaneous 
cases of granulocytic leukemia seven months after It was Inoculated.   A 
manuscript describing the above events is now being prepared for publication. 

i 
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Gibbon Growth and Development Study 

Piincipal Investigators: 

Associate Investigator: 

Markpol Tlngpalapong, DVM 
Dennis O. Johnsen, MAJ, VC 
Dirck L. Brendllnger, MAJ, VG 

Prayot Tantlcharoenyos, DVM 

OBIEGTIVE;   The production of gibbons from the gibbon menstrual cycle 
and breeding program has offered a unique opportunity to measure certain 
parameters of ^owth and development in animals where birthdates are 
known.   The purpose of this study is to relate distinctive development 
features to the age of these young gibbons so that the age of animals with 
unknown birthdates may be accurately determined. 

DESCRIPTION; Growth and development is measured by body weight, 
dentition, whole body radiographs, and sexual development evaluated at 
quarterly intervals. 

PROGRESS;   Skeletal radiographs have been made quarterly on gibbon Pc-1 
at 39, 42, 45 and 48 months of age.   No readily detectable skeletal changes, 
such as closure of epiphyseal plates in bones that are being checked, 
occurred between the age of 3 and 4 years.   Between 36 and 48 months of 
age Pc-1 gained 0.7 kg. to reach a final weight in December, 1971 of 4.9 kg. 
Significant developments in dentition occurred during this time.   They were: 

* circled figures are jevenile teeth. 

ion 

Age 
Dental Formula 

Incisors Canines Premolar Molar 

36 mos 

39 mos 

42 mos 

45 mos 

48 mos 

1     2 (1*) 
(1  ) 

ÜL 
(i) 

(i) 
(i) 

ÜL 
(i) 

ÜI 
i 

1 

1     2, 
1      2 

1     2, 
1      2 

(1)    (2) 
(1)     (2) 

■1)     (2) 

1 
1 

1 

1     2 

1     2 
1      2 

1      2 

(1)     (2) 

(1)       1 

1    2 

2 
1      2 

1     2 

(1)       1 

1       2 
1       2 

1       2 
1       2 

2 

1     2 

1      2 
1     2 

i 
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Hepatic Function in Cerebral Malaria 

Principal Investigators: Allen M. Glasgow, MAJ, MC 
Edward Colwell, LTC, MC 
Chalard Tirabutana, MD 
Ravivan Intraprasert, MD 

OBJECTIVE;  To evaluate the possibility that the encephalopathy of 
cerebral malaria is secondary to hepatic dysfunction. 

BACKGROUND; It was proposed that hepatic dysfunction may explain 
the encephalopathy of cerebral malaria because: 

1. AbnormalitU s in hepatic function are known to exist in malaria; 

2. Previous experience with Reye's Syndrome has shown that severe 
hepatic dysfunction may be present despite the relative absence 
of hepatic abnormalities as detected by light microscopy; 

3. Certain features of the cerebral pathology are similar in Reye's 
syndrome and cerebral malaria; 

4. During a previous study a child with cerebral malaria was found 
to h^ve marked abnormalities in hepatic function including an 
elevated venous blood ammonia. 

DESCRIPTION;   Patients with uncomplicated malaria or cerebral malaria 
admitted to Chantaburi Provincial Hospital were studied on admission. 
The test for venous blood ammonia was performed Immediately.   Reducing 
substances, SGOT, SGPT and bilirubin were measured in frozen sera. 

PROGRESS; The results of these tests are given in Table 1. It seems 
unlikely from these findings that hepatic dysfunction accounts for the 
encephalopathy in any of our patients with cerebral malaria. 
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Laboratory Animal Disease in Thailand:   Its occurrence and Importance 
to comparative medicine 

Principal Investigator: 

Associate Investigators: 

Dennis O. Johnsen, MAJ, VC 

Alexander DePaoli, MAJ, VC 
Robert L   Hickman, MAJ, VC 
Kwanyuen Lawhaswasdi, DVM 
Markpol Tingpalapong, DVM 
Prayot Tanticharoenyos, DVM 

OBJECTIVE;   The objective of this study is to detect and investigate 
spontaneous metabolic and infectious diseases of laboratory animals 
for the purpose of recognlMng and developing animal models for 
research studies as v.    ' as to define and Improve the health of labo- 
ratory animals maintained in Thailand. 

DESCRIPTION:   In order to accomplish the objective, a program of con- 
tinuous surveillance of the health status of the animal colony has been 
developed.   Four a-eas are emphasized in this program: the disease 
screening program co.iducted in the laboratory animal breeding colony, 
the recurring clinical and laboratory examination of animals housed 
in the laboratory including those procedures performed during the 
quarantine of newly purchased animals, complete post mortem exami- 
nation of each animal that dies in the colony, and the development 
of standards for operation and quality control that are indicated by the 
resulting findings.   When indicated by the findings, experimental 
studies are initiated to explore the problems that occur in detail. 

PROGRESS;   There was little evidence of spontaneous disease among 
laboratory rodents during the report period.   The annual production of 
mice, hamsters, and guinea pigs has been maintained at levels compara- 
ble    to that of previous years, as have indicators of production 
efficiency such as the conception rate and yield per female.  The 
number of small rodents necropsled and the distribution of gross patho- 
logical lesions according to the organs system where they were most 
frequently observed is shown in Table 1.   Gross pathological lesions 
usually consisted of lobar pneumonia, regional enteritis, and cystic 
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ovaries in the case of guinea pigs.   Bacteria isolated from either the 
respiratory or digestive systems of mice, hamsters, and guinea pigs 
as part of the disease screening program are shown in Table 2. 
Randomly sampled retired breeders from the mouse colony were screened 
fot the presence of antibodies to 12 latent muiine viruses.   This survey 
was the result of concern that viruses thought to be isolated in the 
field in suckling mice might actually be murlne viruses latent in the 
mouse colony.   Approximately 30 viruses other than Japanese encepha- 
litis virus were isolated from suckling mice which had been inoculated 
with field specimens collected from the Chiengmai JEV study.   The sero- 
logical testing of the 20 randomly sampled mice revealed that S had 
antibodies to REO 3 virus, 4 had antibodies to CD VI11 virus, 12 had 
antibodies to Sendai virus, 12 had antibodies to Minute Virus of mice, 
2 had antibodies to Mouse Hepatitis virus, and 2 had antibodies to 
Mouse Corona virus.   There was no serological evidence of infection 
with Pneumonia virus of mice, K virus, Polyoma, Ectromelia, Mouse 
Adenovirus, or Lymphocytic choriomeningitis.   The 30 virus isolates 
themselves were sent to the Division of Veterinary Medicine at the 
Walter Reed Army Institute of Research for identification. Because 
there are no mice bred either by conventional or SPF methods that are 
not already infected with latent murine viruses, the isolates were 
inoculated into germfree mice to produce "pure" antibody.   This anti- 
body was utilized in standard tests to identify the isolates.  These 
tests are currently in progress and have not yet been completed. 

A number of spontaneous deaths occurred among primates in the 
laboratory,   'twenty-two deaths occurred among gibbons and 27 among 
macaqves.   The causes of these deaths are summarized in Table 3 for 
gibbons and macaques.   Of particular interest are the two additional 
cases of granulocytic leukemia that developed in gibbons during the 
report period.   Clinical signs and pathological lesions of intsrstitial 
and giant cell pneumonia suggest that primary measles virus infection 
with bacterial complications and attendant high mortality is the most 
frequently occurring and serious disease seen among rhesus monkeys 
newly imported from India.   Virus isolation procedures to confirm the 
etiology of this disorder have not been attempted.   This is largely a 
result of the fear that other agents such as Heroesvlrus simiae might 
be recovered simultaneously..  Although the possibility of immunizing 
monkeys with human measles vaccine has been considered as a 
prophylactic measure,it has not yet been attempted.   Oral administra- 
tion of vitamin C at 100 mg. per day for a 14 day period appeared to 
bring about a dramatic decrease in mortality in one room of quarantined 
monkeys compared to 2 other rooms, but these results could not be 
duplicated when a more definitive study was done later. 
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Table 1.   Summary of Rodent Brjeding Colony Pathology, 1971 

Species Number Pulmonary Gastro- Genito-       j 
pathology intestinal 

pathology 
Urinary        s 
pathology 

Guinea pig 137 35 13 19 

Hamster 139 13 7 - 

Mice 207 10 4 - 
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Table 3 

Dummary of Primate Necropsy ■    .dings 

Gibbons 1      Macaque.             | 
Organ System Lesions EUc'cqy Primary Secondary Primary Seiondar 

Respiratory Pneumonia Viral 4** 
Bacterial 2* 1 4 
Inhalation 1 1 1 

PuLnon.hemo. 
cong. edema 1 I 3 
Bronchiolltis Unknown 

Lung mites 
• 

22 
Pleuritis 1 

Cardiovascular PerlcardlUs 
Eplcardlal 
hemon. 
Generalized 

Cong. 

Bacterial 

1 

4 

1 

1 

Homlc & Lymph, Splenltls/ 
necrosis .Vlral 2 2 
Lympho- 
denopathy 1 1 

Dlgritlve GastrlUs 
Enteritis Bacterial/ 

2 

mycotlc 2 5 6 4 
Strongyloldlo- 
sia 1 
BalanUdlasls 2 
Esophago- 
stomlasls 14 

PerltonUls 1 
HepaUtls \ 1 2 

Urogenital Nephritis 

Nephrosis 

Interstitial 
glomerular 
mulUfocal 

1 

1 

2 

1 
2 

1 

3 

Endocrine Adrenalcortlc 
necrosis 
Adrenocortlcal 

»lr*i) 1 

minerallzatlr. 2 

* - DIDIOCQCCU% sp. isolated 
** - lesions «uggestlve of measlesvlrus infection 
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Organ System Lesions Etiology 
Gibbons               j|       Macaques 

Primary! Secondary Primary   |Secondari 

Nervous Menlngo- 
encephalltls bacterial 

parasitic 
2* 

1 
1 

Body as a 
Whole riranulocytlc 

leukemia 
Septic em la Unknown 

2 
2 

Musculoskeletal Myosltts Sarcospori- 
dlosls 1 

Undetermined - n ot completed 9 7 

Dlolococcus sp. Isolated 
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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 109   Psychiatry and behavioral studies 

Investigators 
Principal:       Pien Cheovanich, M.D.;  Marvin H. Firestone, M.D., 

MAJ, MC;  Prof. Phon Sangslngkeo, M.D.;   Robert J. 
Schneider, Ph.D., CPT, MSC;  Prlcha SingharaJ, M.D.; 
Prof. Chira Sitasuwan, M.D.; Arvuth Srisukree, M.D.; 
Prathan Vutikul, M.D. 

Associate:     Robert Edelman, M.D., LTC, MC;  Richard A. Grossman, 
M.D., LTC, MC;   Suchinda Udomsakdi, M.D. 

Assistant:      VerlM. Lackey, SEC;   Boonarb Panpanya, P.H.N.; 
Sukree Tumrongrachaniti, R.N.;  Chinda Witayarut, 
P.H.N. 
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A Follow-Up Study of Japanese Encephalitis in Northern Thailand 

Principal Investigators:    Marvin H. Firestone, M.D., MAJ, MC 
Prof. Phon Sangsingkeo, M.D. 
Prof. Chira Sltasuwan, M.D. 
Robert J. Schneider, Ph.D., CPT, MSC 
Arvuth Srisukree, M.D, 
Pien Cheovt.. ch, M.D. 
Prathan Vutikul, M.D. 
Pricha Slngharaj, M.D. 

Associate Investigators:   Robert Edelman, M.D., LTC, MC 
Richard A. Grossman, M.D., LTC, MC 
Suchinda Udomsakdi, M.D. 

Assistant Investigators:    Boonarb Panpanya, P.H.N. 
Chinda Witayarut, P.H.N. 
Sukree Tumrongrachaniti, R.N. 
VerlM. Lackey, SFC 

OBJECTIVES AND DESCRIPTION:     For a list of the objectives and des- 
cription of the study see the previous annual report. 

PROGRESS:   Progress through the acute stage has been reported in the 
previous annual report.   Complete data collection for the study was 
accomplished in October 1971.   In the ensuing months, the date have 
been translated into English, and collated in a form compatible with auto- 
matic data processing.  The data are presently undergoing analysis and 
should be completed, along with preliminary write-up in July 1972. 
Final write-up and publication is anticipated shortly thereafter. 

SUMMARY:   The Japanese Encephalitis project, as described in the 
1971 annual report, is nearlng completion.   Data have been collected 
and are currently being analysed.   Final write-up publication is antici- 
pated during the first quarter of the next fiscal year. 

i 
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A Study of the Interface between American Soldiers and the 
Thai Community and Its Effects on Drug Talcing Behavior 

Principal Investigators:       Prof. Phon Sangsingkeo, M.D. 
Marvin H. Firestone, M.D., MAJ, MC 
Robert J. Schneider, Ph.D., OPT, MSC 

Associate Investigators:      Boonarb Panpanya, P.H.N. 
Chinda Witayarut, P.H.N. 
Sukree Tumrongrachaniti, R.N. 

OBJECTIVES: 

1. To determine what factors particular to relations with Thais 
appear to predispose toward use or non-use of illicit drugs by the 
American soldier population. 

2. To determine what are the Thai attitudes toward Illicit drug 
usage, and what factors relate to drug use by Thais. 

3. To determine on an informal basis, what drugs are generally 
used by Thais and how this drug use affects American drug usage. 

DESCRIPTION:    This is an interview study of available and cooperating 
Thai entertainers, bar-girls, and "teerak" (rented wives) in the Sattahip 
area.   In addition, families living in proximity to bangalows occupied 
by, or frequented by, American servicemen will be Interviewed.   Cul- 
tural factors influencing tolerance of drug abuse will be investigated, 
and local sources of drugs will be surveyed to determine which drugs 
are prescribed for various morbid complaints presented by local Thais. 
These should provide information bearing on the pressures mitigating 
against, or predisposing to, drug abuse among American soldiers living 
in the community. This study is being conducted, utilizing Department 
of Neuropsychiatry nurses administering semi-structured interviews. 
Individuals under study are contacted, primarily, through the facilities 
of the Kilo Sip Health Center, which is the local VD control unit 
financed by the U.S. military in the Camp Samac, San - Utapao vicinity. 

PROGRESS;    Data collection began 15 January 1972.  Questionnaires 
have been revised and refined.  Data collection will terminate by the 
end of April, 1972. Ordering and analysis of the data for write-up will 
be completed during this fiscal year. 
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SUMMARY;    Data are currently being collected which should provide In- 
formation bearing on the Influences of the local Thai community on drug 
abuse among American servicemen.   Data collection will be completed 
at the end of April, 1972, with analysis to be completed shortly. 
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Prediction of Drug Abuse in Servicemen - Phase I 

Principal Investigators:       Marvin H. Firestone, M.D,, Major, MC 
Robert J. Schneider, Ph.D., Captain, MSC 

Assistant Investigator: SFC Verl M. Lackey 

OBJECTIVE:    To develop an instrument which will aid in the prediction of 
chronic drug abuse among American soldiers in Thailand. 

DESCRIPTION;   Although the extent and prevalence of illicit drug use in 
Thailand remains essentially .'ndetermlnate, actions of armed forces 
command indicate its conside/able concern with the problem of drug 
abuse.   One important aspect of any complete drug abuse program for the 
military should be the isolation of high risk individuals prior to their 
assignment to areas where drugs of abuse are easily obtained.   To dif- 
ferentiate individuals into "high risk" or "low risk" categories requires 
the knowledge of the etiology of and the predisposition to drug abuse, 
and a description of how the chronic drug user differs from the non-user. 
Knowledge of the influencing and evioioglcal factors could provide the 
.Information necessary for categorizing Individual;: as Indicated. 

The available literature concerning drug abuse indicates that there has 
been no attempt to empirically differentiate the chron.'c or heavy user 
from the non-user of amphetamine, barbiturate, marijuana, hallucinogen, 
and heroin, for prediction of chronic drug use.   Many studies have, 
however, suggested thatthere may be important ways in which these 
individuals differ.  Only two available studies hr.ve presented statistic- 
ally derived "profUes" of the drug user.   Both studies utilized factor 
analysis and suggested that there might be a "general orientation toward 
drug use" or a "general drug-taking predisposition."  The isolation of a 
series of factors which differentiate the chronic or heavy drug user from 
the non-user could aid in the prediction of the likelihood of becoming a 
chronic drug abuser. A finding of such a differentiation must, however. 
Include a follow-up study of labeled Individuals to assess accuracy of 
prediction. 

The present study Is a structured interview study of a population of 
soldiers, made up of chronic drug users and non-drug users.   Those 
questions whose answers correlate v/ith chronic or heavy drug use 
(e.g., are answered differently by the chronic user and non-user) will 
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be Isolated.   These questions will be combined into a final questionnaire 
which, In a future study (Phase II), will be administered, along with 
aiinalyses, to an incoming population of troops.   In the follow-up study, 
a prediction will be made for each soldier of the probability that he will 
chronically abuse certain drugs during his tour in Thailand.   He will be 
followed for one year during his stay in Thailand to assess the accuracy 
of the predictions.   AU questions will be selected ria statistical proce- 
dures, based on the present study. 

If no statistically valid differentiation between chronic drug user and 
non-user is found, then Phase II will consist of a prospective long-term 
cohort study of incoming troops, with the emphasis on monitoring their 
behavior vis-a-vis drug usage, wit! the same psychological test battery 
administered early in their Thailand tour, at critical periods during their 
tour, and at the end of their one-year tour. 

PROGRESS;    Starting 1 January 1972, interviewing was begun.   It is ex- 
pected that the data collection phase will terminate by the end of 
August 1972, and the final questionnaire will be completely formulated 
in September.  At this time, incoming troops will be surveyed, predic- 
tions made, and the follow-up begun. 

SUMMARY;    A method to predict drug use in a soldier population is des- 
cribed.   This involves developing a series of questions which are 
answered differently by the drug user and non-user, and assuming that 
anyone who responds like a drug user has high probability of using drugs 
during his tour. 

Data collection has begun;   this study will be completed in Septe.ber, 
1972.   The success of this study will determine whether such a method 
of prediction can be utilized in a planned future study of prediction of 
chronic drug abuse. 
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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 109    PsychiatT and behavioral studies 
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Project- 3A062110A811, MILITARY MEDICAL RESEARCH PROGRAM S.E.ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 310, Etiology of Infectious Hepatitis 

Investigators. 
Principal:    COL Marcel E. Conrad, MC 
Associate:    HAJ Allen L. Ginsberg, MC 

Description. 

New methods of testing serum speciaens for Australia antigen (HBAg) 
and antibody (HBAb) were evaluated to ascertain if they were more 
sensitive and reliable for use in blood banks.    A sensitive aethod 
was found and was used to study serum specimens obtained from pa- 
tients with hepatitis in a recently performed double blind study 
among soldiers in Korea to evaluate whether human serum gamma globu- 
lin was effective in the prevention of both serum and infectious hep- 
atitis.    This method war  modified to permit the detection of various 
subtypes of HBAg.    Studies were initiated to ascertain if the titer 
of HBAb in gausa globulin preparations was important in the preven- 
tion of serum hepatitis.    Studies have been initiated in various 
military populations to quantify the prevalence of both HBAg and 
HBAb. 

Biological specimens obtained in volunteer studies of infectious 
hepatitis at Illinois State Penitentiary in collaboration with Dr. 
Joseph D. Boggs of Northwestern University are maintained for dis- 
tribution to investigators attempting to isolato thn etlologic agent 
of hepatitis, develop antibody tests to identify patients with the 
disease, end develop an animal model of the disease that would obvi- 
ate the need for human studies. 

Results. 

A simple radloimmune assay method was utilised and evaluated to de- 
tect Australia antigen (HBAg) in serum specimens fro« normal military 
blood donors and soldiers with endemic viral hepatitis.    This method 
detected more than twice the number of HBAg positive specimens among 
both groups of subjects than by other available methods.    Further- 
more, it detected all positive specimens ftund by igar gel diffusion, 
immunoelectroosmophoresis, complement fixation, and passive hemag- 
glutination inhibition methods.    The radiolmmutif »nu&y method showed 
that about one percent of screened military blood donors and twenty- 
five percent of soldiers with icteric endemic hepatitis had HBAg in 
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tlwir sarua. In th«s« patients with hepatitis, w« had previously 
shown that the prophylactic «dainistration of huaan serum gaama glob- 
ulin decreased the incidence of both HBAg positive and negative en- 
deaic icteric hepatitis. The utilization of the radioiaaune assay 
aethod provided convincing evidence that an injection of gaaaa globu- 
lin could protect against HBAg positive icteric endemic hepatitis for 
about six aonths. In collaboration with WRGH, a study has been ini- 
tiated to ascertain if gamma globulin will provide protection against 
transfusional hepatitis and if the HBAb titer of the gaaaa globulin 
is a factor in providing protection. This study is being performed 
in patients undergoing cardiac bypass surgery. These patients re- 
ceive either a placebo injection or an inoculation of a gamma glob- 
ulin with a high titar of HBAb or low titer of HBAb. 

Australia antigen (HAA) can be typed as ad or ay by agar gel dif- 
fusion (AGD) by showing prccipitin lines of identity and spurs of 
partial identity with specimens of known subtype. Since only 50% of 
HAA specimens detected by complement fixation and 20% of specimens 
detected by radioiamune assay (RIA) are positive by AGD, only a small 
proportion of all HAA positive sera can presently be typed. We have 
used a solid phase RIA (Ausria- Abbott Laboratories) to type HAA 
specimens that are negative by AGD. The RIA is performed using a 
pool of guinea pig anti-HAA labeled with 1-125 and polypropylene test 
tubes coated with nonradioactive anti-HAA. The steps in the proce- 
dure are as follows: Antigen containing serum is added to the aati- 
body-coated tube and incubated for 16 hours. The contents are aspi- 
rated, the tube washed with a trie buffer, and 1-125 labeled anti- 
HAA is added. After incubation at room temperature for Xh hours, 
the contents are aspirated, the tube is again washed, and the isdio- 
activity of the tube is quantified. Tha antibody used to coat the 
tube as well as the iodinated antibody contained aore anti-ad activi- 
ty than anti-ay activity. Known ay and ad specimens were serially 
diluted in normal human serum and assayed. Different levels of tube 
saturation and different dilution curves for the two major types of 
HAA could be demonstrated when counts per minute (cpm) were plotted 
against dilution. Twenty-four sera previously typed by AGD were 
coded, and the level of tub« saturation (cpm) and the pattern of the 
dilution curves were delineated. Using this aethod, all 2«» specimens 
were accurately ty?«d. Sara froa 52 American soldiers stationed in 
Korea who developed HAA positive Icteric hepatitis were then exam- 
ined. Only 11 were positive by AGD, of which only 7 (13%) could be 
typed. In contrast, all 52 were positive and 33 (6«»%) could be typed 
by RIA. Twenty-eight (54%) were ad, S (10%) were ay, and 19 (36%) 
could not be typed. Solid phase RIA ar.thodology allows the typing 
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of many HAA positiv« specimens that cannot be typed by other Methods. 

A simple method utilising solid phase radloinmune assay was used to 
detect antibody to Australia antigen (HBAb).    The method was found to 
be approximately ten times as sensitive as the hemagglutination meth- 
od and ao sensitive as technically more difficult radioimmunoprecipi- 
tation methods for detection of HBAb.    It shows that about five per- 
cent of screened military blood donors in recruit populations have 
HBAb.    Troop populations arriving in Korea have an HBAb prevalence of 
20 percent upon arrival and about 30 percent upon completion of their 
military tour. 

In collaboration with Dr.  Joseph Bcggs of Northwestern University, 
plasma has been obtained from volunteers in the Illinois State Peni- 
tentiary who developed hepatitis after oral administration of serum 
from the NS-1 Hillowbrook pool.    This plasma has been shown to be 
infectious in subsequent volunteer experiments.    The proven infec- 
tious material has been provided to laboratories attempting to iso- 
late the etiologic agent of infectious hepatitis.    In addition, these 
specimens are distributed to investigators attempting to develop an 
antigen-antibody system for infectious hepatitis similar to HBAg-HBAb 
and for animal experiments used to develop a system that will replace 
human volunteer studies.    Double blind studies performed in collabo- 
ration with Presbyteriftr-sr.  Luke's Hospital in Chicago indicate that 
the latter goal is feasible with certain species of marmosets. 

Conclusions and Recommendations. 

A simple solid phase radioimmune assay method was found to detect at 
least twice as many carriers of HBAg than currently used methods. 
Improvements in this method are needed to make it more practical for 
blood banking.    Using this method and serum specimens from a double 
blind study in Korea, we were able to show that gamma globulin pro- 
phylaxis prevents the occurrence of endemic icteric HBAg positive and 
negative hepatitis.    The finding of an increased titer of HBAb in the 
lots of gamma globulin used in the Korean study suggest that it may 
be the HBAb that provides protection in the HBAg positive hepatitis. 
Further studies are needed to ascertain if this hypothesis is correct 
and if lots of gamma globulin can be made that will provide protec- 
tion against transfusional hepatitis.    A sensitive method for sub- 
typing HBAg was developed.    The prevalence of HBAb in various troop 
populations is being quantified.    An experimental animal model for 
HBAg negative hepatitis was found. 
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23 (U)  Better understanding of  the  Imnune mechanisms  Involved   In the  rejection of allo- 
grafts and  foreign bodies.     The  ultimate goals  are enhancemeal  of  skin and bone grafts 
In combat casualties,   clinical  acceptance of renal transplantation  In the Army Trans- 
plant Program,   a more successful method of identifying the existence and location of ab- 
scesses,  especially Intraabdomlnal,  better criteria  for management of retained Intraocu- 
lar foreign bodies,  delineation of the pathophyslology of chloroqulne  retlnopathy. 
24 0!)  Utilizing the uptake  of crltlated thymidlne as an Indication of DNA synthesis 
(lymphocyte reactivity)   In one-way mixed lymphocyte cultures,   a  large variety of experi- 
ments are underway.    Models   Include transplanted skin,  kidney and heart,   the lacLer two 
In the neck.     A variety of antllymphocyte sera are being studied during the' coutae of 
unmodified  rejection In  the dog.     Utilizing a radlographic  scanning  technique,   a method 
is being evolved  to study localization of various  Isotopes  In the  presence of tbdoolnal 
wall abscesses   in rabbits.     Copper fragments of various ccmposltion are being studied 
in the  rabbit vitreous.     The   rhesus  retina is being examined   following daily adminiö- 
tration of chloroqulne   in high  doses. 
25 (U)   71 07  -   72 06.     Fractlonatlon df specific antlsera has   shown   components associ- 
ated with  enhancement.     Gallium 67 has been shown to  localize   In white  cells of abdom- 
inal wall abscess  sufficiently greatei  than in liver or spleen to be of  potential clin- 
ical application.     Both penlclllamlne i nd steroids have been shown to be of questionable 
practical value  in the management of copper fragments  in the vitreous.    Membranous cyto- 
plosmic bodies similar to those  seen only in sphlngolipidosls have been observed In the 
retina of monkeys given chloroqulne,   thereby affording a clue  to the  pathophyslology of 
these diseases.     For technical   report see Walter Reed Army  Institute  of Research Annual 
Progress Report,   1 Jul   71-30 Jun  72. 
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Project   3A062U0A821    COMBAT  SURGERY 

Task 00    Combat Surgery 

Work Unit  120    Wound healing of  Injuries Incurred  In military  operations 

Investigators. 
Principal:    COL Robert T,   Cutting,  MC 
Associate:    MAJ A.  Ralph Rosenthal,  MC; MAJ Richard L.   Burleson,  MC; 

r.TC Brack G,   Hattler,  MC 

1.     Preven'-ion of  the  Inflammatory  Response to Intraocular Copper 
Foreign BotUes. 

a. Statement of the problem;     To prevent the  inflammatory  reaction 
whic'.i  occurs as a response to  the  presence of a copper foreign body 
(fKB)   In the vitreous  cavity. 

b. Background:    We have been working on problems concerning the 
natural history,  diagnosis  (using atomic absorption spectrophotometric 
analysis of the aqueous)  and th3rapy of retained intravltreal CFB.    We 
observed that placing either a pure  or alloyed CFB against  the wall of 
the vitreous cavity results in an Intense Inflammatory response with 
eventual encapsulation within 1 week.     It was the purpose of this 
year's work to attempt to prevent  this inflammatory response. 

c. Approach to the problem;    Two different approaches were  taken. 
The first was to examine the effect of subconjunctival steroid 
administration on the inflammatory  response.    The second was  to study 
the response to different alloys of copper. 

In the steroid stut'les, either a pure or alloyed CFB  (60% 
coppe».-,  40% zinc) was Inserted against the wall of the vitreous  cavity 
in both eyes of albino New Zealand rabbits.    Decadron was administered 
subconjunctivally to one eye Immediately postoperatlvely and on a 
daily basis for 8 days in throe different doses:     .6, 1.2, and 2.A 
mgm/day.    A control group was given saline subconjunctlvally to one eye. 
Each day the response was observed by indirect ophthalmoscopy. 

Different alloys of coppei.- were then Investigated to ascertain 
if the Inflammatory response would be altered.    The alloy of 90% 
copper and 10% zinc was used as the»  control as thic was the type of 
alloy we have studied for 2 1/2 years.    The alloys of 90% copper and 
10% tin or 10% nickel were compared to the zinc alloy. 

d. Result:» and discussion;    In the steroid studies,  encapsulation 
of the CFB was preväntea to the same degree in both treatment and 
control groups regardless of dose of steroid or type of CFB.     Usually 
if the  Injected aye became encapsulated within 9 days the non-injected 
eye demonstrated a similar response.    The converse was also true. 

109G 

«Mi 



However,  there were occasions when  the injected eye became encapsulated 
while  the non-injected eye  did not.     We,  therefore,   felt  that   the 
subconjimctivally administered  steroid was having a systemic effect. 
Analysis of the effects of  the   3 steroid doses  reveals  the smallest dose 
studied carried a significant   retardation in the percent  totally 
encapsulated in both pure and alloyed CFB,     There was a suggestion that 
increasing doses of steroids  over  the  range studied had  increasing effects. 
In  almost every  instance when  the  drug was discontinued the  foreign body 
regardless of composition became  totally encapsulated within 1 week. 

Steroids were observed to  delay the appearance of  inflammation 
in  both pure and 60% CFB.     When  the drug was discontinued  inflaramation 
was  present within 48 hours  regardless of the type of foreign body used. 
Steroids were no more effective in preventing inflammation In the less 
reactive alloy than in the .-lore  reactive pure copper.     Their only 
significant effect appears to be the slight delay in the appearance of 
the  inflammatory response and  In  the rate of encapsulation.     Steroid 
therapy docs not seem to be able to totally prevent chemical inflammation. 

The alloy studies showed  that  the copper-tin alloy and  the 
copper-nickel behaved exactly  like  the copper-zinc alloy  in  its  ability 
to elicit an intense Inflammatory  response, and the nickel and  tin alloys 
behaved similarly to each other.     Hence there appeared to be no 
difference in the response to the alloyed CFB if the second major 
component  is 10% zinc,   tin,  or nickel. 

e. Conclusions:    Steroids of varying dosages administered dally via 
the subconjunctival route appeared to behave systemlcally, having similar 
effects In both the injected and non-injected eyes regardless of the 
type of foreign body used.    Nine days of steroid therapy prevented a 
significant number of CFBs from becoming totally encapsulated during 
that time.    In addition, the onset of the inflammatory response was 
delayed and occasionally completely suppressed over the course of 
therapy. 

Alloys of 90% copper and either 10% tin, ni .«el or zinc were 
compared to each other and were noted to have slm'xar rates of 
encapsulation and a similar time course for the appearance of the 
inflammatory response. 

f. Recommendations;    Further studies on the natural history, 
diagnosis and therapy of non-ferrous foreign bodies should be undertaken 
in the primate vitreous.    Finally, a referral center for the management 
of  intravitreal foreign bodies should be considered within the military 
hospital system, 

2.     Sclntigraphic Detection of Experimental Abscesses. 

a.    Statement of the problem:    Wounded soldiers often develop 
fevers and the question of intraabdominal abscess arises.    A technique 
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to  r/idlographlcally detect  such  abscesses would be an Incalculable  aid 
to diagnosis. 

b. Background:     In the past,  multiple approaches  to scintigraphic 
localization have not met with success.     New radionuclide and  leukocyte 
labelling techniques permit  reassessment of the problem. 

c. Approach to  the problem:     Several methods are being evaluated 
including the  intravenous  administration of various  isotopes  and 
infusion of labelled autologous  leukocytes and tagged hard albumin 
spherules. 

d. Results and discussion:     A standard abscess has been  produced 
in the rabbit  anterior abdominal wall.     Gallium 67 and pertechnitate 
have been infused.     Scintigraphic techniques have been worked out which 
show that  gallium especially shows considerable promise  in  localizing 
abscesses.    Abscesses at various  stages are being studied.     A technique 
for  labelling leukocytes with 51-chromium,  67-gallium and 99-technetium 
has been worked out.     It  is expected that  these studies will have 
clinical application within 6 months. 

The study is continuing. 

3.     In Vivo and In Vitro Properties of Sensitized Lymphocytes   in 
Transplantation  Immunity. 

a. Statement of  the problem;    Although the exact  role of  the 
lymphocyte in allograft rejection is not known, a close correlation has 
been established.    Following a lag phase of several days after antigenic 
stimulation lymphocytes can be  found in increasing concentration at the 
allograft site.    Contact betwesn  the lymphocyte and its target  appears 
necessary for cell death and uii^er these conditions rejection of the 
allograft  follows. 

b. Background:    Mechanisms  for lymphocyte mediated cell death are 
not  known but various possibilities have been considered and  Include: 
(1)  a release of cell bound antibody,   (2)  local component production, 
(3)   damage by enzymes, and  (4)  the production of other cytotoxic or 
recruiting factors by activated  lymphocytes at the graft site.     The 
latter possibility has attracted particular attention recently with 
the  demonstration of various factors produced by lymphocytes In vitro. 
Thus, macrophage inhibiting factor (MIF), blastogonic factor,  cytotoxic 
factor,  chemotactlc factor, and various potentiating factors have all 
been demonstrated in vitro and postulated to occur in vivo.    The one 
obstacle that has hampered a correlation between the in vitro and the 
in vivo setting has been the inability to isolate "specifically 
sensitized lymphocytes."    We have recently developed a technique of 
isolating these cells  from the  target organ that appears promising. 
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c. Approach to the problem:     Lymphocytes) and lyraphoblasts 
\iere   Isolated  frnm rejecting canine kidney allogralts and studied 
In  vivo and in vlcro In comparison with peripheral  circulating 
lymphocytes. 

d. Results and discussion:     Following a lag phase of several days 
after antlgenlc stimulation,   lymphocytes can be found In Increasing 
concentration at the .-'llograff   site.     Contact between the lymphocyte 
and  Its  target appears necessary  for cell death and under these 
conditions rejection of the allograft  follows.    Mechanisms  for  lympho- 
cyte mediated cell death are not known, but various possibilities have 
been  considered and include:     (1)   release of cell-bound antibody;   (2) 
local  complement productlou;   (3)   damage by enzymes;  and  (4)  the 
production of other cytotoxic or recruiting factors by activated 
lymphocytes at the graft site. 

We have developed a method of density gradient separation of 
activated lymphocytes  from an organ undergoing rejection.     The model 
used has been the kidney in  the  dog.     These lymphocytes have been shown 
to actively produce chemotactic  factor.    These cells extracted  from the 
rejecting kidney have also been shown to be actively stimulated and  to 
continue to proliferate without  any further corcact with antigen.     This 
is particularly Interesting in view of the fact  that  at  the  time  that 
this  activity can be shown in  the "kidney lymphocytes" no activity can 
be shown in lymphocytes extracted from peripheral blood.     It   IF,  felt 
therefore  that the kidney acts as  an area for local entrapnr-.c  of  the 
specifically sensitized cells and,   In addition,  actively secretes 
substances that recruit other phagocytes and lymphocytes  into  the area 
to assist  in rejection of the organ. 

The study is continuing. 
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23 (U)  Elucidate the pathogenesis of irreversible shock.    Study the pathophysiology of 
stresd  ulcer,   i complication that causes massive gastrointestinal bleeding in 37. of 
severely wounded with a 40% mortality. 
24 (U)   btudy mesenteiic hemodynamics  in endotoxin shock with emphasis on species varia- 
tion.     Search  for a better model for stress ulcer.     Study ion transport c.croas the 
gastric mucosa and the effects of metabolic inhibitors and hemorrhage on gastric mucosal 
permeability. 
25 (U)   71 07 -  72 06.     Intravenous endotoxin given to baboons caused profound hypoten- 
sion but without changes  in mesenteric blood  flow or portal pressure as opposed to the 
dog.     Other differences were observed in splenic and hepatic arterial  flow and  in the 
response to hemorrhage.    Silicone rubber Injection techniques confirmed microvascula- 
ture architectural differences between species,   further questioning the visceral target 
organ theory of shock.    A m^el has been developed which characterizes directional 
movements of several ions,   their substrate requirements and transport.     The  gastric 
barrier to hydrogen ion has been better defined.     A sensitive  iiufsx of mucosal  integ- 
rity,     the electrical potential difference,  was monitored together with ionic  f!jxes 
before and after a series of metabolic inhibitors and showad tbct. i.either extrariito- 
chondrial electron transport nor carbonic anhydrase are  Import ".nt constituents  of the 
normal barrier but that intact pathways  for glycolysis and AT.   formation may be critical 
in maintaining the normal barrier. 
For technical report see Walter Reed Army institute of Research Annual Progress  Report, 
1 Jul  71-30 Jun 72. 
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Project   3A062110A821    COMBAT  SURGERY 

Task 00    Combat  Surgery 

Work Unit  121     Responses   to   trauma   resulting  from mllllaiy  operations 

Investigators. 
Principal:     COL Robert  T.   Cutting, MC 
Associate:     LTC Kenneth G.   Swan, MC;  LTC Wallace P.   Ritchie, Jr., MC; 

MAJ David G.   Fromm,  MC 

1. Comparison of Mesenteric Hemodynamics in the Baboon and Dog 
Following Hemorrha^ic  and Endotoxin Shock. 

a. Statement of the  problem ard background:    The  splanchtiic 
vasculature has been implicated in the pathogenesls of  the  irreversible 
phase of shock.     The endogenous catecholamines released by hypotension 
reputedly cause at: intense  constr.'ction of these vascular beds and 
lead to ischemia and ultimate tissue necrosis.    A p.ries  of studies 
has been completed that question these  traditional concepts. 

b. Approach to the  problem:    Mesenteric hemodynamics were studied 
in baboons subjected to endotoxic shock and the  results  compared to 
the classical canine responses as described above. 

c. Results and discussion:    The intravenous injection of endo- 
toxin  (LDgg)   caused profound hypotension without a change  in either 
mesenteric blood flow or  portal pressure.    1'ius,   there  is an obvious 
species difference between canine and subhuman primate  responses  to 
endotoxin.    A simil'r Ptudy was done in which hemorr'.age was employed 
to reduce arterial pressure.    When baboons were hemorrhageo tc an 
extent that would be lethal to dogs within 24 hours of  reinfusing the 
shed blood,  the mesenteric blood flow fell,  the  gut was   ischemic,  but 
the animals survived.     The effects of endotoxin on hepatic and splenic 
arterial blood  flow were  studied in baboons.    The  resultc  revealed no 
change  in blood flow to  the  liver whereas splenic blood  flow fell in 
parallel with arterial pressure. 

The study is continuing. 

2. Vascular Architecture of the Mesenteric System. 

a.    Statement of the problem;    Since species differences have jeen 
demonstrated between canine and subhuman primate models of experimental 
bhock,  the question arises as to whether there are anatomical differences 
in the target  organ or small intestine. 
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b. Background: The dog, but not the monkey, responds to experimental 
.shock regardless of its etiology with ischemic damage to the small bowel. 
Tf one compares the hemodynaiulcs of the mesenteric circulation in the 
two species, o.ie notes that there is a marked decrease in the flow of 
blood through the intestine of the dog, but not the monkey, during the 
early phase of shock.  This may represent a species difference in 
terras of the response of the microcirculation in the intestine of the 
two animals to hypotension. 

c. Approach to the problem: The silicone-rubber injection technique 
was used to describe the effects of endotoxin on canine and subhuman 

intestinal microvascular architecture. 

d. Results and discussion: Endotoxeraia causes the following 
vascular changes in the canine raucosa: a 50% shortening of villl; 
coiling of subepithelial capillaries and core vespels; congestion of 
subepithelial capillaries; and hemorrhage through core vessels as 
evidenced by rubber extravasation. These changes might explain the 

Increased raespnterlc vascular resistance and decreased mesenteric blood 
flow characteristic of canine endotoxemla. The mucosa of baboons 
treated in the same manner revealed evidence of dilation of suhepithelial 
capillaries, a change that might contribute to maintfinance of mesenteric 
blood flow during endotoxin shock.  Epinephrine was observed to cause 
mesenteric dilation in baboons when Infused at low dosage. The same 
dose causes constriction in the dog mesentery. The study suggests that 
the elaboration of blood epinophrine during hypotension could cause tlie 
vasodllation seen in baboons.  Similar studies were conducted on dogs 
and baboons subjected to hemorrhagic shock. There was no change in 
mucosal vascular architecture in either species after four hours of 
hypovoleniia. One and one half hours after the shed blood was reinfused, 
there waa evidence of hemorrhage into the cores of the villl in the dog 
studies. However, tnere were no changes observable in the baboons 
studied. This observation might explain in part the survival of baboons 
and the death of dogs when subjected to experimental hemorrhagic shock. 

e. Conclusions:  The above series of studies on the pathophyslology 
of shock in baboons has seriously questioned the concept of the 
splanchnic viscera being target organs in shock and has demonstrated 
specific species differences in splanchnic hemodynamlcs between canine 
and subhuman primate models of shock. 

3. Effects af Metabolic Inhibitors on Gastric Mucosal Permeability in 
the Dog. 

a. Statement of the problem: Hemorrhage from stress ulcerj occurs 
in 3% of moderately and severely wounded soldiers. Mortality approximates 
50% regardless of therapy. The incidence of non-bleeding stress ulcers 
1° unknown but may be ten fold higher. 
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+ ..+ b.     Background!     Disruption of the gastric mucosal barrier to Na -H 
exchange has been postulated  to be the fundamental defect  preceedlng 
the development  of stress  ulcer disease in raan.^    The subcellular 
components of this barrier are poorly understood,  however. 

c. Approach  to the problem:    A sensitive Index of mucosal 
integrity,  the electrical potential difference  (PD) was monitored and 
the net   fluxes of H+,   Na+,  IC1-,  Cl~,  and l^O were assessed  in denervated 
canine  fundic pouches  using a standard acid test  solution before  and 
after  (1)   topical sodium lodoacetamide  (10A), which  in vitro at  this 
dose  inhibits aerobic  glycolysis  at  the  3-phosphoglycerablehyde 
dehydrogenase level;   (2)   topical 2,4 dlnltrophenol   (DNP);   (3)  sodium 
triocyanate  (SCN), which  in vitro  inhibits  electron transler at  the 
extramltochondrial cytochrome level beyond  the point of elaboration of 
high energy precussors;   and  (4)   acetazolamlde  (AZM),  a specific carbonic 
anhydrase inhibitor.     Each agent  caused "inhibition" of hl.itamine 
stimulated acid secretion  in vivo.     Each agent »  30 dogs.     The results 
were  compared to those  obtained with a known barrier disrupter,  topical 
acetylsalicylic acid   (ASA). 

d. Results and discussion: 

2 
Flux rates and PD (+ SEM)/30 min/100 cm mucosal area 

Control ASA IDA DNP SCN AZM 

PD (mV)       -48±7   -i2±3*   -21+4*   -18±5*   -50±6   -52+5 
Net H+ (uEq)  -178+28 -178±48* -444+24* -394+45* -189±24 -206+54 
Net Na+ (yEq) +295145 +657+65* +494+46* +452+68* +249±50 +247±26 

*p ■ or < 0.05 versus control 

Thus, 10A and DNP disrupt the mucosal barrier whereas SCN and 
AZM do not. 

e.  Conclusions: 

(1) Neither extramltochonarial electron transport nor carbonic 
anhydrase are important consituants of a normal barrier. 

(2) Intact pathways for glycolysis and ATP formation may be 
critical in maintaJnirg mucosal integrity. 

4. Etfect of Hemorrhage on Gastric Mucosal Permeability in the Subhuman 
Primate. 

a.  Statement of the problem and background; The concept that 
stress ulcer disease in man is related to excessive back diffusion of H 
is based in part on the demonstration of increased Na+ and H* exchange 
across the gastric mucosa of the rabbit during hemorrhaglc shock and 
following transfusion of shed blood.^ 
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b. Approach  to the  problem:     The above  findings were  reassessed 
in an animal phylogenetically closer to man,  the Macaca mulatta.     Under 
phencyciidine HC1 anesthesia,   the  transnural electrical potential 
difference  (FD) was continuously monitored and  the net   fluxes of H2O,  H-1", 
K   ,  and Na    were  assessed using a staaaard n?id  test solution in 
denervated fundic pouches and innervated whole stomachs during (1)  a 
control period;   (2)   following 2.5 hours  of hemorrhagic  shock  (BP art.  - 
37 ± 2 mm Hg);  and  (3)   2.5 hours  after reinfusicn of shed blood.     The 
results were corjpared to  those obtained following the  topical application 
of a 20 mM sodium taurochnlate solution,   a known barrier disrupter. 

c. Results  and discussion: 

PD  (m") 

Flux rates and PD (+ SEM)/15 min/50 
2 

cm mucosal area 

Control Hemorrhage p Transfusion p Taurocholate 

-49+2 -52±2 -55±5 -23+4* 
uEq)    -140±19 -136±19 -175+22 -409±42* 
(uEq)   +137±17 +122±13 +124±17 +342134* 

*p = or < 0.05 vs control 

The Innervated whole stomachs demonstrated essentially similar 
results. 

d.    Conclusions;    These data Indicate that  in the subhuman primate, 
neither hemorrhage of the magnitude indicated nor subsequent  transfusion 
of shed blood arc ^er se associated with significant alterations in 
gastric mucosal permeability.    Thus, if excessive "back diffusion" of H 
is a principal cause of otress ulcer disease in man,  factors other than 
hypovolemia are responsible. 

5.     Ion Transport Across Gastric Mucosa. 

a. Statement of the problem and background:    Stress ulcer and 
gastric ulcer are associated with a breakdown In the mucosal barrier to 
hydrogen ion.    Currently It is believed that gastric ulcer frequently 
results from'the back diffusion of H+,  but the cause and effect 
relationship for stress ulcer is less clear.    The majority cf 
investigations dealing with the gastric barrier have dealt with the 
demonstration that various agents disrupt the barrier.     However, very 
few studies have studied the properties of pacsive permeability 
("the barrier")  in a systematic manner. 

b. Approach to the problem:    An In vitro model has been developed 
for the study of the mucosal barrier and functions of the gastric mucosa 
in general.    This system allows strict control of factors which affect 
gastric function and allows confident distinction between active and 
passive ionic movement across the mucosa.    Electrical and metabolic 

1105 



para.etera of aastric ~co.a can also be .onitored in this systea. 
Since there is little precedence for the study of ..... lian aastric 
mucos~ in vitro, the initial thrust of this study was designed to 
measure function, capabilities and factors affectina function of the 
in vitro preparation. As a result of these studied in vitro model for 
the study oi the barrier hu also been developed. 

c. Results and ditcussion: A very durable and reliable in vitro 
model correlates very Wll with in vho studies. Ion transpor 
processes for s+, Na+, and Cl- have characterizei in teraa of 
directional moveaent, substrate requireaents and factors which 
influence their transport. The buic •chanis• of acid producti n 
have also been characterized. Noraal per.abilities of the luminal 
and serosal borders have also been deterained. While these studies 
yet have no direct bearina on ulceration, they have enhan ed our 
knowledp of basic processes of tbe pstric .ucosa and have led to the 
develop•nt of a sensitive .odel for the study of back diffusion. Thus 
far, 3 aaents known to disrupt the barrier have been studied. So• 
heretofore unknown effects of Na salicylate, acetyl salicylic acid and 
Na taurocholate have been found. While all of theee aae~ts disrupt the 
barrier they have different effects on the rates of acid secretion, and 
sequence of •tabolic events leading to barrier disruption. 

d. Conclusions: A .odel which allows definition of the pstdc 
barrier to H+ has been establithed and will allow definition of 
-tabolic factors affectina the barrier and pstric secretion of acid 
in aeneral . 

e. lle~ndations: The present investiaation has opened new areas 
for the study of functions of the pattie ~coaa whic:h should be actively 
pursued. Further definition of inforaation vbich hu beco• evident u 
a result of this study • will eventually allow dine«: application to 
clinical probl._ usociated with st011ach. Extension of the preunt 
project will hopefully be able to pinpoint the biocheaical events 
leadina to stress ulcer of the st011ach. 
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1.  Quantitative Studies of Microaggregation in vivo and in vitro 

a. Statement of the problem:  Embolization of microaggregates of 
platelets and white cells formed In blood both during storage and 
after shock and trauma is thought to play an important etiologlc role 
in organ dysfunction following trauma (Swank 1967). 

b. Background:  Quantitation of microaggregates in vivo has 
previously been limited to the use of indirect methods such as the 
screen filtration pressure technique and microscopic observations. 
Previous work in this laboratory has utilized the Model T Coulter 
counter to measure tne size distribution of particles in stored blood. 

Recent work in our laboratory has attempted to modify the 
Model T procedure to measure acutely induced platelet aggregates in 
whole blood both in vitro and in vivo. 

c. Approach to the problem:  Initial work consisted of in vitro 
studies of the effects of dilutions, anticoagulants, saponin, calcium 
and inhibitors of platelet aggregations in plasma and in whole blood 
on the measurement of the size distribution of platelet aggregates. 
Subsequently, the methods developed were used to measure platelet 
aggregates induced by hemostasis, Infusion of adenosine diphosphate 
and thrombin.  In other studies the filtration characteristics of 
acutely induced platelet aggregates were compared to those of the 
microaggregates in stored blood. 

d. Results; These studies have shown that the methods utilized 
can provide quantitative data on the In vivo aggregation of platelets. 
Quantitative studies of the effects of inhibition of platelet 
aggregation such as prostaglandin E, and adenosine have shown that the 
method detects alterations in platelet functions. The filtration 
studies show that platelet aggregates break up with and reform after 
40 M pore mesh filtration but are completely removed by Dacron wool 
filtrations. 

e. Conclusion: These studies provide the first quantitative 
measurements of platelet aggregates. The use of this technique should 

*Channing Laboratory, Harvard Medical School, Boston, Mass. 
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be of value in correlating In vitro studies of platelet aggregations 
with in vivo observations.  The immediate application of the methods 
will most likely be in cardiac surgery, where platelet aggregate 
embolization is thought to be important in the etiology of organ 
dysfunction following surgery (Ashmore 1972). 

2.  Liver Damage and Stress Ulcer Formation 

a. Statement of the problem:  Does septic Jaundice influence 
stress ulcer formation? 

b. Background; MuJtlple abnormalities, such as head trauma, 
sepsis, pulmonary insufficiency, and acute renal failure, may be 
present in the patient developing stress ulcers.  Recently septic 
Jaundice has also been associated with stress ulcer formation. 
Extrahepatlc sepsis affects both the histology and biochemical function 
of the liver.  Sepsis may also affect liver histology and biochemical 
function without the development of jaundice.  Since chronic liver 
damage is associated with an Increased Incidence of gastric erosions 
and ulcers, abnormal liver function associated with sepsis may be an 
important variable contributing to stress ulcer formation. 

c. Approach to the problem;  We investigated the effect of 
restraint stress on the rat with experimental bi'lary obstruction, 
i-illary obstruction in the rat produces both jaundice and marked 
hlstological abnormallries of the liver.  Since part of the effect 
of liver damage on the stomach may be due to gastric congestion, 
splenic weight, portal pressure, gastric wet and dry weight, gastric 
oxygen consumption in vitro, and gastric lumlnal pO» equilibration 
were measured. Vagotomy and pyloroplasty were also combined with the 
common bile duct ligatlon and division to determine if this procedui-e 
would reduce the incidence of observed gastric lesions. 

d. Results and discussion:  Acute stress superimposed on liver 
damage secondary to biliary obstruction was aysociated with an increased 
number of erosions and ulcers in the acid-producing area of the 
stomach of rats. Vagotomy and pyloroplasty reduced, but did not 
abolish, the increase in gastric lesions. The stomach was congested 
from an Increase In portal venous pressure and had an impaired oxygen 
delivery as reflected by the decreased gastric lumlnal p02.  The 
tissue respiration in vitro of mucosal slices of prtrum and fundus 
was abnormal when stimulated with succlnate. This could be due to 
gastric mitochcndrial Injury from biliary obstruction. 

e. Conclusions: A damaged liver may potentiate the effects of 
sepsis on the stomach of a severely stressed patient. The gastric 
congestion that occurs in the patients with Laennec's and biliary 
cirrhosis may make their stomachs more susceptible to stress. 
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3.    Hypoxia and  Stress Ulcer Formation 

a. Statement of  the problem:     Does hypoxia alone  or  combined with 
anemia   increase  the  susceptibility   to  stress  ulcer  formation? 

b. Background and  approach  to  the  problem:     Since hypoxia  and  anemia 
are   features  of  clinical  stress   syndi omes   that   precipitate  acute   gastric 
lesions,   we have  studied  the  effects   of hypoxia and  acute  anemia  on  the 
stomachs  of  rats  subjected  to wire mosh  restraint stress   for  7  hours. 
Experimental   rats were exposed  to   107» oxygQn-90% nitrogen   for  7,   1A  and 
50 hours  while  paired  control   rats  were  kapt   in similar chambers  with 
room air  to Vreath. 

c. Results and dlbcusslon:     Awake arterial pC^  in 15  rats  breathing 
10% oxygen   for  2 hours was  36.1 mm Hg.     Anemia was  produced by a double 
3.0 ml   exchange  of blood  for plasmalyte  solution which reduced  the  hema- 
tocrit   fiom 42.5  to 18.17=.     Hypoxia did not   influence  the number of gas- 
tric  erosions  of  ulceis  at  any of  the  three  periods  of exposure.     When 
epinephrlne was  given 0,4 mg/kg  intraperitoneally prior to  7 hours  of 
restraint  and hypoxia,   the  number  of  gastric   lenions was  unchanged. 
When  the  dose was   increased  to 0.1 mg/kg,   there was  a significant  in- 
crease   in  gastric erosions   for  the  hypoxic  rats and without  epinephrlne, 
but  the   incidence  of ulcers was  unchanged.     Acute anemia  reduced  the 
number of  gastric erosions but  not  ulcers.     When anemia was  combined 
with  7 hours of hypoxia,  the number of restraint induced gastric erosions 
was  still  decreased.     Decreased  arterial  partial pressure  of oxygen 
alone  or   in  combination with  reduced   red  cell mass did not  adversely 
affect   stress  ulcer formation  in  the  rodent  restraint model.     The  effect 
of  eplneplirine  on gastric blood  flow  together with decreased  arterial 
partial   pressure  of oxygen were  both  necessary  to precipitate  strecs 
gastric   lesions. 

d. Conclusions:     Circulatory abnormalitier  appear to be of greater 
significance  in  contributing  to  stress  ulcer   formation than hypoxia. 

4.     Effect  of Liver Damage on the Lung 

a. Statement of the problem:     Dr JS partial hepatectcmy or  liver 
damage   Influence  pulmonary  function  and  ability to kill bacteria? 

b. Background:     Impaired  liver  function  la  frequently accompanied 
by hypoxemia,   respiratory alkalosis  and  Increased susceptibility  to  pul- 
monary   Infection. 

c. Approach to the problem:     Rats with  liver damage  following 
biliary obstruction subjected to partial hepatectomy were studied  for 
change   in pulmonary function and ultrastructure and bactericidal  activ- 
ity  of  the  alveolar macrophages. 
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d.  Results and discussion:  Liver damage due Lo biliary 

obstruction was associated with splenomegaly and increased portal 
vein pressure, hyperventilatlon, respiratory alkalosis, increased 

arterial ammonia, decreased arterial and venous pCL, decreased 0« 
consumption with normal A-V 0„ content, decreased arterial p0~ on 
100% Oy,   lactlcacldemla, decreased stomach luminal p0~ and unchanged 
luminal pH after 2 hrs. equilibration with A cc saline, and a 
raacrocytic anemia that was corrected by folic acid and unaffected by 
splenectomy.  Liver damage had no effect on arterial percent saturation 
(Hb02) , arterial pO- on 12%  0-, in vitro lung compliance, and jugular 
or femoral vein ammonia.  The lung had thickening of the alveolar 
septal walls with proliferation of collagen.  The arterial hypoxia of 
CBD ligation appears related to ir.trapulmonary shunting of blood. 
Abnormal perfuslon may have caused the observed decreased 0« 
consumption.  Hyperventilatlon may be due to arterial ammonia and 
hypoxia. 

In comparison with controls, common bile duct division and 
ligation, on light microscopy had hepatic cirrhosis and proliferation 

of bile ducts and on serial lung sectioning exhibited thickening of 
alveolar walls with proliferation of alveolar cells. Special stains 
demonstrated a moderate increase in collagen content of alveolar septa. 
On electron microscopy, structural and pulmonary changes included 
swelling and Increased vacuolation of endothelial and epithelial cells 
as well as a pronounced numeral increase in alveolar cells (type II) . 
In many cases, type II cells appeared atypical, with an increase in 
llpid Inclusions.  Collagen proliferation wafc present, but In many 
cases the superficial basement membrane appeared enlarged and likely 
contributed to the thickening seen.  The over-all picture suggests 
increase in thickness of air-blood barrier. 

Pulmonary antibacteilal host defenses were studied in these 
animalj by quantitatlng in situ bacterial inactivation In the lungs of 
control and experimental rats 14 hours after an aerosolized challenge 
of radiolabeled (32P) S^ aureus.  Controls Inactivated 86.3% of the 
bacterial challenge. Following ligation of the common bile duct, 
bacterial inactivation was sigr.lfleantly progressively impaired: 61.1% 
inactivation at 1 week, 37.0% at 2 weeks, and 34.5% at 3 weeks. 
Following 30% and 60% hepatectomy, bacterial inactivation was sig- 
nificantly reduced to 74,7% ^nd 57.4% retpectively, with intrapulmonary 
bacterial replication exceeding inactivation of the bacterial challenge 
following 90% hepatectomy. Isolated pulmonary alveolar macrophages 
harvested from the lungs of animals in both experimental groups had 
impaired bactericidal activity and depressed oxygen consumption in  vitro. 
In addition, these cells had intracellular toxic vacuolization on 
electron microscopic examination. These studies demonstrate impairment 
of intrapulmonary bacterJcidal activity in vivo and functional, bio- 
chemical, and structural evidence of alveolar raacrophage injury Iji vitro 

foll(iwing experimental liver impairment in two animals. These 

experiments also provide a pathophyslologic explanation for the high 
Incidence of pneumonia in the patient with impaired liver function. 
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e.     Conclusion;     Liver damage has  a direct advt.rsj effect on 
pulmonary  functionj   ultrantructure and bactericidal activity. 

5.     Effect  of  Renal  Failure and Metabolic  Acldosls on Stress Ulcer 
Formation 

a. Statement of  the problem:     In  the  traumatized patient,   renal 
failure  Is  frequently present In the patient with stress ulcer. 
Wounded  soldiers  treated at  the Renal Dialysis Unit at  the 3rd Field 
Hospital,   Saigon,  had  a 35%  Incidence  of  stress  ulcers. 

b. Background:     Acute renal Insufficiency has been associated 
with the development of stress ulcers  in patients  following trauma 
and peritonitis.     However,   sepsis occurred  concomltantly In many of 
these patients,  and  it is possible  that  factors  related  to sepsis 
rather  than  renal failure accounted  for   the stress ulceratlon.     Chronic 
uremia in  the human Is associated with  gastric erosions  and ulcers and 
decreased  gastric  acidity. 

c. Approach to  the problem:     Tha  effects of bilateral nephrectoray 
and metabolic acldosls on the stomach of   the rat  subjected  to restraint 
stress were studied  to determine if these factors would Influence 
stress ulcer  formation Independent of  trauma and infectiori. 

d. Results and discussion:    Since  the rats died between 40 and 5A 
hours after bilateral nephrectomy, studies were done at 24 hours when 
the arterial pH was  7.30  ± 0.08  (S.D.),   urea 107   ± 13 mg % and potassium 
5.3 ± 0.A mEq/L.    There was no increased incidence of gastric erosions 
or ulcers with either 7 or 12 hours of  restraint.     At 36 hours after 
nephrectomy,   arterial pH was  7.25  ± 0.08  in the restrained rat and at 
43 hoars,   the pH was  7.22  ± 0.05.     There was no  change in gastric 
lumlnal p0? equ''.ibratlon but there was a marked increase in 4 hour 
gastric acid production in both the unrestrained and restrained rat 
with ARF.     The Increased gastric acid production in the restrained 
nephreatomized rat was reduced by prior vagotomy and pyloroplasty. 
AKF Increased gastric tissue water.    Five days after drinking 1.6% 
ammonium chloride solution, arterial pH was 7.19 ±0.11.    There was a 
significant increase in the number of gastric erosions but not ulcers with 
restraint.     Metabolic acldosls had no effect on gastric acid production 
or lumlnal p02 equilibration in either the unrestrained or restrained 
rat.    With metabolic acldosls, gastric  tissue water Increased.    Other 
factors  (e.g.   sepsis)  present In patients with posttraumatic renal 
failure may be of greater etiological significance In stress ulcer 
formation.     Since metabolic acldosls also occurred in ARF, some, factors 
present with ARF may have mollified the effect of acldosls or a longer 
period of acldosls may have been needed  to increase the incidence of 
gastric  lesions. 

e. Conclusion:    Prolonged acldosls may adversely effect the stomach. 

1114 



6, Effect of Acute Blood Loss on Pulmonary Bactericidal Activity 

a. Statement of the problem:    Does blood loss lead to impaired 
Intrapulmonary bactericidal activity? 

b. Background;    hemorrhage frequently precedes  the development 
of post-traumatic pulmonary insufficiency. 

c. Approach  to the problem:    The ability of  the.lungs of adult ir 
Wistar rats  to inactivate aerosolyzed,   radlolabeled  (    P)  S^.  aureus 
was studied  1A and  38 hours  following  (1)   a blood loss of 2.0 cc/100  gm 
with no drinking water or  food allowed during the period,   (2)  a period 
with access  to food but not water,  and   (3)  a period with access to 
water but  not food. 

d. Results and discussion:    The intrapulmonary inactivation of 
S_,  aureus was impaired 14 hours following a.ute blood loss but was 
impaired  In the shams as well at 38 hours.     Weight loss and arterial 
pH,  pOy,  and pCO„ were similar statistically at both time periodi, for 
the sham and ABL rats.    Because of the impaired intrapulmonary 
inactivation of S.  aureus in the shem rats at 38 hours,   the effects of 
dehydration and starvation were also studied.    Dehydration for 14 hours 
had no effect on bacterial inactivation but at 38 hours,   there was a 
significant  Impairment.  Starvation had no effect on bacterial 
Inactivation at either time.    Acute blood  loss and dehydration 
adversely affected the pulmonary host defense mechanisms of normal rats. 
Both of  these factors may be operative  in  the traumatized patient and 
contribute   to the development of post-traumatic pulmonary insufficiency. 

e. Conclusion:    Acutely decreased body water impairs  the ability 
of the pulmonary macrophage to kill bacteria. 

7. Does Stress Have a Direct Effect on  the Ability of  the Lungs to Kill 
Bacteria?        ~ ~ 

a. Statement of the problem:    Does  stress have a direct effect  on 
the ability of the lungs to kill bacteria? 

b. Background:    Following trauma,   the lungs may develop 
pathological  changes in the alveolar septum and  the incldenc-: of 
pneumonia Is high. 

c. Approach to the problem:    Acute stress was produced by wire 
mesh restraint and the ability of the lung to kill bacteria was studied. 
Separate rats were studied with plaster casts on Che chest but hid 
mobility and were able to eat. 

d. Results and discussion:    The ability of the lungs of 50-100 
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32 
gm male Ulster rats to Inactivate aerosolyzed radlolabeled ( F) 
S. aureus was studied during and following acute stress Induced by 
immobtllzatlon In wire mesh restraint for 14 hours.  When stress 
preceded bacterial challenge, the ability to Inactivate S_.  aureus 
was unimpaired. Wbt •*.    ichs oi  these rats were examined for stress 
ulceratlons, none wer,.  -und. However, when the rats ware challenged 
with S^ aureus first and then restrained for 14 hours prior to 
sacrifice, pulmonary bacterial Inactlvatlon was decreased. Both groups 
had  similar weight changes and lung water. The rats with acute stress 
had markedly Increased gastric erosions and ulcers.  Rats with chest 
casts also had Impaired bacterial clearances but they developed a 
respiratory acldosls compared to their control. 

e.  Conclusion:  The changes In bacterial clearance with vlre 
mesh restraint would appear not to be due to restriction of the chest 
cage. Acute stress may have a direct nourohumoral Influence on the 
lung and the alveolar macrophage. 

8.  Uxyhemogloblu Dissociation Curve and Oxygen RP ..gase In th i  Isolated 
Canine Hlndllmb   "    „  ^_.. ..--*,- 

a. Statement of the probiert! Does the poa^tlon cf the oxyhemo- 
globln dissociation curve, as altered during blood storage, influence 
the release of oxygen at the tissue level? 

b. Background; The position of the oxyhemoglobln dissociation 
curve is to a great extent controlled by the interaction of organic 
phosphates (2,3 • PG) within the red cells, with hemoglobin. A shift 
to the left of the dissociation curve is usually accompanied by a fall 
in 2,3 DPG level.  This left shift results in an increased affinity of 
hemoglobin for oxygen and theoretically decreasing the efficiency of 
cxygen delivery to the tissues. A shift to the right of the dissociation 
rurve theoretically will produce the opposite effect.  Storage of RBC 
for greater than one week has been shown to cause a decrease of red cell 
2,3 DPG and an Increased affinity of hemoglobin for oxygen. 

c. Approach to the problem; Under light pentobarbital anesthesia 
a unit of blood was drawn from each of 10 dogs into standard ACD plastic 
bags and stored At 4° C for 21 days. On the 2l8t day Ihe above 
procedure was repeated. Following the phlebotomy the Jeft hlndllmb was 
surgically isolated and perfused alternately with blood that was stored 
for 21 days and with fresh blood. 

d. Result and discussion; In each isolated hlndllmb perfusion 
study, the total tissue oxygen uptake was sigrltieantly greater during 
perfusion with fresh blood than during perfusion with banked blood. 
It would appeai that stored blood, with t^e dissociation r.irve shifted 
to the left, releases oxygen less readily tuan fresh bloo^. However, 
humoral factors in banked blood other than the shift in die oc^nfion 
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curve might possibly play a role In Che decreased oxygen release 
observed. 

e. Conclusion; Stored blood released less oxygen to the tissues 
during perfuslon of an Isolated hlndllmb In the dog, than did fresh 
blood. 

f. Recommendation:  This study should be repeated with washed, 
resuspended RBC to rule out any other mechanism, other than 2,3 DPG 
changes during storage, that might have played a role In the decreased 
0» release observed. 

9. The Effects of Aspiration of Acid Solutions and of Fresh Blood on 
Lung Structures. Arterial Oxygenatlon. and Pulmoncry Resistance to 
Infection 

a. Statement of the problem: To study the effects of aspiration 
of acid solutions and of fresh blood on lung structures, arterial 
oxygenatlon, and pulmonary resistance to Infection. 

b. Background: Pulmonary aspiration of acid gastric conteits 
or blood from maxlllofaclal wounds is a recurrent, serious problem, 
complicating the surgical care of wounded soldiers.  Aspiration was 
a principal cause of hypoxemla In 14 of 58 casualties with postoperative 
arterial desaturatlon.  In addition silent or unrecognized aspiration 
is believed to have caused 10% to 34% of all anesthetic deaths.  Arid 
aspiration frequently leads to acute pulmonary edema, hypoxemla and a 
supervening bacterial pneumonia, while fresh blood may coagulate within 
bronchioles to produce atelectasis and pneumonia. 

The dynamics of pulmonary changes after aspiration has been 
outlined incompletely, but rigorous physiologic studies of arterial 
blood gases, pulmonary shunting and compliance have not been performed. 
The ability of the lung to inactivate bacteria Is uniquely suited to the 
study of resistance to pneumonia after aspiration. 

c. Approach to the problem: The tracheu of Wistar rats lightly 
anesthetized with ether wa« surgically exposed and the solution to be 
aspirated injected under direct visualization.  The dosage of aspirant 
was 2 ml/kg body weight and includes hydrochloric acid in Kläger's 
solution at pH 1.5, unclotted blood freshly obtained from another rat, 
and control Ringer's &olution. Arterial blood gases and shunt 
measurements were measured by drawing aortic blood under light ether 
anesthesia, or from an indwelling carotid artery catheter placed before 
aepiratioii. Animals exposed to room air and 100% oxygen. The alveolo- 
arterlal oxygen difference is measured plus the degree of intrapulmonary 
shunting. 
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AC 15 and 38 hours rats were fluoroscoped and roenlgenogi >>JUI 
were taken.    Whole lungs removed at time Intervals after aspiration 
were inflated with air to prevent postmortem atelectasis,  preserved 
in formalin and stained with H&E for microscopic examination. 

Rats were exposed  to graded doses of aerosolized  radiolabelled 
staphylococcus aureus in a chamber.    At 15 and 38 hours after aspiration 
the bactericidal activity was measured by determining the ratio of 
live to total bacteria in the lungs. 

d. Results and discussion;    Arterial oxygen tension was found 
decrease slightly in animals given acid and blood, but  these changes, 
together with arterial pH and pCO. were not statistically significant. 
Studies of the degree of shunting   showed no change between test 
and control groups.     X-rays at 14 and 38 hours revealed no visible 
changes in either blood or acid aspirated rats.    Microscopic 
examinations of lungs showed minimal atelectasis and pneumonitis at 
48 hours in the acid group,  but r<. ta receiving blood had  large 
atelectatlc areas and alveolar septal cuffing with hemoglobin inclusion 
bodies. 

Bacterial clearance studies indicate that there  is a 
definite decrease in bacterial inactivatlon In lungs of animals receiv- 
ing acid or blood, as compared to control animals. 

e. Conclusion!    The bacterial inactivatlon system provided a 
quantitative approach to the effects of aspiration on resistance 
to pulmonary infection.    However, in this model arterial blood gases, 
shunt studies,  radiography and light microscopy offer little help in 
measuring the effect of aspiration. 

f. Recomnendation!    Cortlcoaterolds,  administered both intra- 
tracheally and systemically will be given tc determine whether 
aspirated rats can Improve tlu-ir decreabed pulmonary bacterial 
clearance.    Also since interstitial pulmonary edema is a feature of 
acid aspiration, weight weight/dry weight of excised lungs will be 
measured after   >,dplration.     If this ratio increases with acid,  the 
effects of diuretics such as ethacrynic acid and furosemlde on lung 
water and bacterial clearance will be studied 

10.    Effects of Acepromazine Maleate on StJected Cardlorespiratory 
Parameters of Dogs 

a.    Statement of the problem:    Many research activities require 
performance of certain tasks on unanesthetized but yet tractable ex- 
perimental dogs.    However, agents commonly used for tranqulllzation 
can cause important long-lasting alterations of various physiological 
parameters thereby Indirectly changing the outcome of experimental 
procedures that may follow. 
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b. Background:     Acenromazlne Is  a neuroleptlc  agent  used as a 
tranqulllzer or pre-anesthetlc medication for dogs,  cats and several 
other species.     The drug has been reported to produce suitable 
tranqulllzatlon but. literature search did not reveal Information 
regarding its physiologic effects. 

c. Approach to the problem;      Nine dogs of either sex weighing 
from 20 to 30 kilograms had polyethylene catheters placed into the 
femoral vein and artery.     The catheters were embedded subcutaneously 
to their exit In the dorsal lumbar area. 

Arterial blood samples were collected Immediately prior to 
and at 15 end 3C minute  Intervals  following administration of 1 mg/kg 
of Acepromazlne. 

d. Results and conclusions;    Decrease In arteilal blood pressure 
and bradycardia caused by  Intramuscular injection of Acepromazlne 
Maleate were not accompanied by significant changes in any blood gases 
or arterial pH.    In general,   the respiratory changes were minimal 
suggesting that the drug could be of value in experimental work with 
dogs. 

11.    Ultrastructure of the Human Vas Deferens 

a. Statement of the problem:    Earlier literature had shown that 
the vas was well Innervated,  but the question of the type of innervation, 
i.e., adrenergic or cholinerglc, has not been entirely resolved. 
Histochemical and electron microscopic studies suggest that in several 
animal species  (rat, mouse,  guinea pig)  vas Innervation is primarily 
by adrenergic fibers. 

b. Background:    All literature points to the  fact that  the vas is 
not a passive tube but an active organ whose function has not been 
fully investigated in sperm transport and maintenance of fertility. 
In comparison with work on animals, very little has been done with 
human vasa deferentla.     Increasing appreciation of the vas in clinical 
work and sterility problems will likely require additional basic 
research. 

c. Approach to the problem;    The vasa deferentla were obtained 
from four patients referred to the Urology Clinic, WRGH for voluntary 
vasectomy under 1Z xylocaine anesthesia. 

Thick sections were stained with toluidlne blue and prepared 
for light microscopy.    Thin sections were cut and cf.alned with 
uranyl acetate and lead citrate for electron microscopy. 
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d. llaaults and conclusions : '11le narrow irreaular lumen of the 
vas is surrounded by a thick auacular coat conaiatina of three layers. 
Collaaen was found throuahout the auacular layers and in varyina 
.-ounts amona the individual auacle cella. The vaa waa well innervated, 
axone beina found in close proxiaity to auacle cella. The epitheliua 
of the vas ia paeudoatratified with a basal layer of cuboidal cella and 
a luainal layer of colu.nar cella, aoae of which extend froa the 
baaeMnt Mlllbrane, while othe.=a rest on the low cuboidal cella. When 
exaained with the electron .tcroacope, the colu.nar cella can be divided 
into two types by their o..tophilic characteristics. All columnar cella 
have well developed endoplaaaic reticulua aad aranulea usually 
associated with secretory activity. Lona aicrovilli (stereocilia) 
extend froa colu.nar cella into the lu.en of the vas. 

12. Phyaioloaic Effects of Phencyclidiae Hydrochloride on the 
Macaca Mulatta 

a. Stat~t of the probl•: Phencyclidine Hydrochloride 
(Sernybr..) .a is a oeuroleptic clrua widely used for cheaical restraint 
of var ... oua species of aubhu.an priaatea. The aniaale can be rendered 
tranquilized or anesthetized depenclina on the doaaae adainiatered. 
The phyaioloaical responses of the lheaus monkey to Sernylan are not 
ca.pletely known or understood aa cla.onatratecl by the presence of 
several conflictina reporte 1~ tbe literature. 

b. ~around: The •in probl• appears to be the difficulty 
in obtainiD( or.al (b ... line) phyaioloaical values in non-aeclatecl 
monkeys. Stress aaaociated with physical restraint, fear of unfaailiar 
aurroundinp and procedures aay be sufficient to aaak or a~plify a 
reaction to Sern lan. 

c. Approach to the probl•: Thirteen lheaus monkeys ·weilhiq froa 
4 to 7 Ita were aaintaiDed in priaate r•atrainina chairs, with free 
access to food and water and becOIIina .ore accusto.acl to close hmun 
contact . 

Two silver wire electrodes (F-P) were auraically placed on 
the dura of each held.aphere of the brain several weeks prior to the 
be&inntna of the experi•nt via skull trephine openinp. '11le central 
venous and arterial pressures were .... urecl tbroulb pclyethyleoe 
catheters threaded into the f.-oral vein and artery. 

d. laaulta and cODClusiona: Sernylan had lona lutina effects 
on the brain, carcliovaacular aDd respiratory ayat._ which lliaht contra
indicate ita use in phyaioloaical ur patbopbyaioloatcal studies. 

• Parke, Davia Co., Detroit, Hichiaan 
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Sernylan produced abnormal brain wave activity,  fall In heart rate 
and arterial and central venous pressures,  a respiratory acldosls 
and a mild hypoxemla.     These effects could alter baseline events 
occurring in a pathophyslologlcal experiment. 

Our work indicates  that M. mulatta,  given tranqulllzlng levels 
of  Sernylan will go  through  stages of sleep as demonstrated by the 
presence of slow delta waves,  sleep spindles, and K-complexes. 
Additional  intramuscular  Injection of Sernylan, which  In effect 
elevates  the blood  concentration of the drug,  produced  a multitude of 
high voltage peaks persisting for several hours following tne last 
Injection.    These spikes may represent a mild convulsive ectivlty or 
they may be  artifacts.     It  should be noted  that EEG activity similar 
to  that observed  In grand mal seizures can be elicited by Injections of 
large or repeated doses of  Sernylan. 

i 
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23. (U)   Investigation into basic mechanisms of diseases of military  Importance and the 
metabolic  response of patients during stress of disease and   Injury  to provide rational 
approach  to therapy. 

24. (U) Metabolic balance studies with precise collection of biologic samples  from 
patients under rigidly controlled diet,   drugs,  and activity.    Development  of  techniques 
to measure alterations  In homeostasls produced by disease or drugs.     Provide  clinical 
support and teaching for the Walter Reed General Hospital. 

25. (U)   71 07 - 72 06.     Investigation of alterations  In metabolic-hormone-energy-fuel 
relationships Induced by traima,   Immobilization,   Infection,  and   Vugs were  conducted. 
Studies of the hypercalcemla and hypercalclurla which occurs with  immobilization and 
fractures have revealed that  serum parathyroid hormone does not  Increase,  but  that  It  la 
still detectable.     It ma;' ply a permissive role.    Urinary cyclic three prime  five prime 
adenosine oonophosate falls at bed  rest supportli.g the conclusion that parathyroid hor- 
mone  Is not the etlologi. factor.     Anxiety, hyperventilatlon,   soldiers heart and neuro- 
clrculatory asthenia can alter lactate metabolism during stressful events.     Lactate 
Infusion In five dogs  Indicate that  both serum pH and lactate alter  the   Ionized calcium 
Ionic  calcium plays a major role   In cell membrane permeability and nerve  conduction, 
and   it may be through this mechanism that symptoms develop.    Treatment of  five 
acromegalics with large doses of medroxyprogesterone and thorazlne gave unimpressive 
results,  either clinically or biochemically.    Preliminary cell culture studies evaluat- 
ing  the development of dependence and  tolerance to morphine have only demonstrated the 
phenomena of dependence.     For technical  reports see Walter Reed Army  Institute of 
Research Annual Progress Report,   1 July  71 - 30 June 72. 
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Project   3A062110A822 MILITARY   INTERNAL MEDICINE 

Task 00,  Military Internal Medicine 

Work Unit  120,  Metabolic  response   to disease and  injury 

Investigators: 
Principal:     COL Jerry M.  Earll 
Associates:    Marcus Schaaf,  M.D. ,   Maj  Leonard Wartofsky,  MC; 

MAJ William J.   Howard,  MC;  MAJ Richard C.   Dimond,  MC; 
MAJ James  C.  Low,  MC;  Joseph Bruton,  Ph.   D. 

Description 

This work unit is concerned with invest 
of diseases of military importance and 
Ing during stress of disease and injury 
to therapy. Metabolic balance studies 
collections of biologic samples from pa 
diet, drugs, and activity. In addition 
Reed General Hospital in training house 
diagnosis and treatment of endocrine pa 
support to oiher departments. The unit 
mounting  field studies. 

igations into basic mechanisms 
the metabolic responses occur- 
to provide rational approach 

are utilized with precise 
tients during rigid  control  of 

support  is afforded Walter 
staff,   four endocrine  fellows, 

tients,  and technical  laboratory 
maintains the capability of 

Progress 

1. Thyroid Metabolism. 

Earlier  thyroxine  turnover studies   in malaria patients have been com- 
pleted and will be published  in J.   Clln.   Invest.,  August  1972.     These 
altered thyroid hormone kinetics are being pursued further with a 
highly sensitive radioimmunoassay  for  thyroid stimulating hormones 
(TSH).     Thyrotropin releasing hormone   (TRH)   is being evaluated  in a 
Phase  II  study with Abbott Laboratories.     These studies have been 
completed  in over 60 Individuals and  are extremely useful In defining 
the nature of disturbed pituitary  thyroid function. 

2. Calcium Metabolism. 

Refinements of earlier immobilization and fracture studies continue to 
support observations of pathologically elevated ionized calcium while 
parathyroid hormone does not rise and cyclic 3'  5' AMP tends to fall. 
This work is being reported at the June 1972 Ford Bone Symposium and 
will be published In detail in proceedings of the meeting. 
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The  role of  ionic calcium is being evaluated in the disease complexes 
of  "neurocirculatory asthenia",   "soldiers heart",  and anxiety.     Pre- 
liminary work suggests abnormalities  of  lactate metabolism are   involved. 
The mechanical aids and stresses  of high altitude pilots and mountain 
troops  place them at  risks of hypoxia,  hyperventilation and anxiety. 
Hyperventilation which is common  in  adverse environments causes   res- 
piratory alkalosis which decreases blood ionic calcium as well  as 
increasing lactate.     Symptoms associated with hyperventilation  and 
anxiety are similar  to those of  hypocalcemia.    The physiologically 
active  component of serum calcium,   the  ionic fraction,  is pH dependent. 
Measurements in vitro by an Orion  (R)   ion-selective electrode showed a 
decrease of 0.05 mg/100 ml of  ionic calcium per 10 mg/100 ml rise in 
lactate.     Following the procedure of  Pitts, et^ B\_.^     , we  Infused 
Sodium L  (+)   lactate or NaCl in dextrose solutions in randomized order 
into seven awake dogs.    Blood pH,  pC02, HCOj,  ionic and total calcium 
were measured prior to, during and after each infusion.    Peak blood 
levels of  96 mg/100 ml lactate obtained at  the end of  infusion was 
associated with a mean drop of  0.86 + 0.06   (S.E.) mg/100 ml of  Ionic 
calcium  (p < 0.005)  compared with a decrease of 0.13 + 0.07 mg/100 ml 
during  infusion of NaCl in dextrose.     Alkalosis  (H    decreased 8 nM) 
due  to bicarbonate generation during  lactate infusion accounts  for 
0.2 mg/100 ml of the total decrease.     The in vivo resultb confirm the 
in vitro  finding that lactate complexed calcium.    This allowed  lactate 
to make a significant contribution to  the  lowering of  ionized calcium. 
Serum  ionic calcium in normal subjects vary in a narrow range of 
4.8 to 5.28 mg/100 ml  (+ 2 S.D.   - 0.8 mg/100 ml).     Ionic calcium 
plays  a major role in maintaining normal cell permeability,   conduction, 
and physiology.    Any condition In which an Increase in serum lactate 
and respiratory alkalosis co-exist may drop ionic calcium to levels 
which may produce symptoms and  Impair performance. 

Studies  are being completed  to determine if measurements of cyclic 
3' 5" AMP,  parathormone,  calcium and ionic calcium during suppression 
and stimulation of parathyroids will permit more accurate diagnosis 
of  disorders of parathyroid glands.     EDTA Infusions are administered 
to patients to lower serum calcium.     This lowering normally stimulates 
the parathyroids to secrete parathormone which subsequently increases 
cyclic 3' 5' AMP in the urine.     Calcium Infusions are given to suppress 
parathormone and cyclic 3' 5' AMP should decrease in the urine.     A 
total of  15 patients have been studied on this protocol - A surgically 
proven cases of hyperparathyroldism,   3 suspected but not yet operated 
on,  and  8 patients with idlopathlc hypercalciuria.    Although the data 
is still tentative and Incomplete, we have found that the patients 
with Idlopathlc hypercalciuria respond normally to calcium suppression 
and EDTA stimulation, while  the patients with hyperparathyroldism show 
at  least some response to these agents.     Even those patients with 
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definitive parathyroid adenoma seem to respond, but at a higher level 
of blood calcium. We postulate that their calcium regulating mechanism 
is net   at a higher level.  We plan to study other patients as they 
become available. 

3.  Polypeptide Hormone Metabolism. 

Recent reports of treatment of acromegaly with medroxyprogesterone 
acetate (MPA) have been uniformly favorable.  Treatment of five ^ctlve 
acr'-.Tiegallc patients with MPA failed to confirm the favorable responses 
reported by others. The patients were studied prior to and after one 
week (5 patients), three months (3 patients), and six months (2 patients) 
of treatment. Basal growth hormone levels and responses to glucose, 
arglnine, and insulin were studied during each period.  Dally fluctua- 
tions In basal growth hormone levels were observed in all patients before 
and during therapy. No significant change In mean basal growth hormone 
levels occurred in any patient.  Glucose tolerance did not improve in 
any patient and significantly worsened in three patients. No oh-jective 
improvement of physical features was noted in any patient. Our findings 
suggest that (1) In an Individual acromegalic, basal growth hormone 
levels are very variable; therefore, interpretation of response to MPA 
based on single measurements should be made with caution; (2) MPA therapy 
did not significantly change mean basal growth hormone levels in any 
patient at any tlire; (3) MPA therapy may be associated with deterioration 
of glucose tolerance; (4) the optimistic reports of the efficacy of MPA 
treatment should be viewed with reservation. 

An even more recent report suggested medical treatment of acromegaly 
with chlorpromazlne. Five acromegalic patients were treated with 
chlorpromazine (CPA), 100 mg/day, for 1 to 3 months.  Growth hormone 
(GH) was measured in an average of four basal blood samples, obtained 
on different days, and during an oril glucose tolerance test In each 
patient prior to and after 1 and 3 months of therapy.  Each patient's 
specimens were measured in duplicate within the same radioiimr.unoassay. 

Five patients failed to show a significant decrease in their mean basal 
GH after one month of treatment.  Their pre- and post-trcaci nt mean 
values In ng/ml were: 9.2-9.8, 21-25.3, 25-24, 9.8-9.1,  1^-179. 
Patient 6 decreased from 11.1-7.8 after one month. No further signifi- 
cant reduction in his mean basal GH occurred after three mont'is of 
treatment, and his GH has never suppressed to 5 ng/ml fo '-..Ing a 
glucose load.  Four of these patients treated previously \'ith medroxy- 
progesterone acetate for 4 to 6 months failed to respond to that agent 
as well.  Patient 7 responded to CPZ with a significant decrease In 
his mean basal GH. His pre-treatmeut value of 94 ng/ml fell to 56 
ng/ml after one month without any signs of clinical Improvement.  In 
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addition to patient 6, patients 7 and 2 were treated for three months 
without further decrease in their mean basal GH. 

It is concluded that the long term therapeutic efficacy of CPZ in 
acromegaly has yet to be demonstrated.  Our preliminary data suggest 
that a o;ie month treatment period may suffice to predict the responsive- 
ness to CPZ in an individual patient. 

4.  Steroid Metabolism. 

The urinary excretion of a 17-hydroxycorticosterold, pregnanetiol, 
17-ketosteroid, ll-deoxy-17-ketosterold, and testosterone were measured 
in normal men and men with endocrine disorders before and during four 
days of chorionic gonadotropln administration.  Testosterone excretion 
at least doubled in all normal men and showed the greatest change. 
Androsterone and etiocholanolone Increased to at least 150% of the con- 

trol .  Patients with hypopituitarism and primary testicular disease 
couid not be consistently differentiated on the basis of their response 
to gonadotropln.  Patients with d» ayed puberty and hypogonadotropic 
hypogonadlsm have variable responses.  In patients with acromegaly, 
baseline steroid excre:ion and response to gonadotropln did not differ 
from normal men.  This work was published in the Archives of Internal 
Medicine, October 1971. 

Plasma 17-OH corticosteroid procedures are too numerous to elaborate. 
However, the basic quality of most procedures reside in the final 
technique used to measure the isolated steroid.  These techniques may 
employ such analytical tools as colorimetry, fluorometry, gas liquid 
chromatography, thin-layer chromatography, column chroraatography, 
isotope dilution, radioiiimunoassay and competitive protein-binding 

proceduref!. 

The purpose of this investigation was two-fold.  One to determine if 
any correlation existed between several different procedures; second, 
to evaluate the relative sensitivity and reliability of thtse procedures. 
The sensitivity and reliability problem is necessary in order that the 
methods used can be scaled down to handle small aliquots of plasma. 

This requirement has become necessary due to the great demand of blood 
from patients for a variety of studies. 

The several procedures evaluated we 
as outlined by Peterson, .et al..   . 

«/are:  (1)  The Porter-Silber procedure 
This has been a routine procedure 

in their laboratories for years.  This procedure requires 5 ml of plasma, 
and drug therapy discontinued during study period.  It will measure all 

17-OH corticosteroids.  (2) The Clark-Rubin fluorometrlc procedure^ 
requires 1.0 ml of plasma and may be used during limited drug therapy. 
However, this procedure is handled in such a way as to measure only 
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(3)     The  double-isotop 
)y Kliman,   et. al. ^) ,   1 

coitisol in plasma, 
outlined originally by 
procedure. This it a very sensitive proced 
measure a wide variety of plasma steroids 
of plasma Ic required. This procedure is L 
torles. (^i) A competitive protein-binding 
Murphy, £t_ a]_. , is a very sensitive and 
measuring a wide varletv of plasma steroids 
to our laboratories .ind it requires only 0. 
analysis. This procedure is not Influenced 
can be made during a wide variety of drug t 
large  number of  samples  can be  processed du 

e derivative  procedure as 
s  a  commercially available 
ure and   it  is used  to 
For  each  analysis  1.0 ml 

00 costly for our labora- 
procedure as outlined by 

reliable  procedure  for 
lliis  is a new addition 

1 ml   of   plasma  for  a single 
by  drug  therapy  and  analyses 

reatment.     In addition,  a 
rlnj  a  single  run. 

in conclusion  thfiöe   procedures  have all be  thoroughly  Investigated 
and  correlation  data  obtained.     They have  all  been  subjected   to 
examinatio i  during  drug  studies  and  results  are  now beii"^  tabulated 
for  publication. 

5.     IntermcJlary Metabolism and  Drug Studies. 

Prtllrainary cell  culture  studies   Involving  the  development  of  dependence 
and  tolerance  tr  morphina have  only demonstrated   the  phenomena of  depend- 
ence.    Several  lines  of  cell cultu-e are now being evaluated  and studies 
of  the  addicted monkej^ '   iibroblasts  have begun.     Earlier studies  in 
this literature  indicates that  urinary 3" b' AMP was  low in depressed 
patients  and  fluctuated with mood.    Preliminary studies of acute Ingestion 
of alcohol  fail  to  reveal changta  in urinary cyclic  3' 5' AMP. 

112:) 

«MM^M* 



^^^ 

Project 3A0621lnA822 MILITARY INTERNAL MEDICINE 

Task 00, Military Internal Medicine 

Work Unit 120, Metabolic rpsponse to disease and Injury 

Literature Cited. 

References: 

1. Pitts, F.N., and McClure, '.N.:  Lactate metabolism in anxiety 

neurosis. New Eng. J. Med. 272:1329-1336, 1967. 

2. Peterson, R.E., Karrer. A., and Guerra, S.L. : Evaluation of 
Silber-Porter procedure for determination of plasma hydrocortisone. 
Analyt. Chem. 20:U^-M9, 19:,7. 

3. Clark, I'.R., and Rubin, K.T.: New fluorometric method for the 

determination of cortlsol in serum. Analyt. Biochem. 2j):31-39, ..969. 

A. Kliman, B., ind Peterson, R.E.:  Double Isotope derivative 
assay of aldosterone in biological extracts.  J. Blol. Chetn. 235:1639- 
1648, 1960. 

5. Murphy, B.E.P.:  Some studies of the protein-binding of steroids 

and their application to the routine micro and ultramicro measurement 
of various steroids In body fluids by competitive protein-binding 
radloassay.  J. Clin. Endocr. 27.:973-990, 1967. 

Publications: 

1. Scurry, M.T., Bruton, J. , and Barry, K.G.: The effect of 

chorionic gonadotropin on steroid excretion. Arch. Int. Med. 128:561- 
565, 1971. 

2. Atkinson, R.L., Howad, W.J., Dimond, R.C., Moorhead, J.M., and 
Earll, J.M.: Treatment of acromegaly with medroxyprogesterone.  (Abstract) 
Clin. Research, p. 649, Get 1971. 

3. Earll, J.M., Heath, H., Schaai, M., Wray, H.L., and Monchik, J.M. : 
Metabolic changes occurring with bedrest, their significance and therapy. 
(Abstract) Proc. XIX Internat. Congr, Aviation and Space Med., p. 73, 
1971. 

4. Wartofsky, L., and Ingbar, S.H.: Estimation of the rate of 
release of non-thyroxine iodine from the thyroid glands of normal oubjects 

and patients with thyrotoxicosls. J. Clin. Endocr. & Metab 33:488-500. 
1971. 

1130 



5.     Dlmond,   R.   C,   Brammer,   S.  R. ,  Howard,  W.   J.,  Atkinson, R.   L., 
and Earll,  J.  M.:     Chlorpromazlne  treatment  of acromegaly.     (Abstract) 
Clln.  Research,  p.   42A,  Apr 1972. 

- 

1131 



It. TITLI fm—» •*• ••«Mir CIMXAM»«* Cm*r 

(U)   Pathogeneais of Enteric Disease   (09) 
II   «CIIMTIPIC MD rCCNHOLO«IC*L «NIAt* 

010100 Microbiology 

RESEARCH AND TECHNOLOGY «ORK UMT SUMMARY 

71  07  01 
4. HIHO OF UHMMV 

D.   CHANGE 

IS. HO./COMBi" raOORAM ILtMINT 

COMIMMTIM« 

«KHHMNMKX 

6211ÖA 

CDOG  114TF 

U U 

PKOJICT MUUH« 

sxssirressn 

DA OA  6445 
I MTt »f 

72  07 01 

NA ' N 
NNTm 

NL 

TAM *H|* MUHSt« 

"55" 

PD DB*Bf^Ä>»J4 

r •»tcinc DAT«-   pl kivik mf mm 
TMACTOIt ACCtH 

3- 
•On« UNIT NUHMR 

"rar 

ii. Hilf tin' 
59 O'J 

P   COM'MtVIlMMT 

«TU^rPICTIVli 

^ NUMMIIi* 

KIHDOP •■AltC; 

ii immimwEi 
CONT 

N/A 
|M»IN*TK>N 

A AMOUHTi 

f. CUM.   AMT. 

W. ltl«»OMtlM.t DOO OnaANIIATtO« ! " ""^f 

M*Mt>aWalter Reed Army  Institute of Recearch 

•   Washington,   D.  C.   20012 

miPONuiLi iNDivioufti  Bueschcr,   CL L E.   L. 

....».«.,    202-57S-3551 

Foreign Intelligence Not Consiiered 

II Warn tilmcy 
DA      i 

W   MUtltmcmt ItTIHATI 
«iieiBiui 

72 
■anmn 

73 

IT RITSIBEn Bläu 
C.   IN   HOUSE 

* »lKi#«4tiOw*( h PUNMflaflMMM*) 

115 

115 
. PI*rOMMM«OAIANII«TIOM I 
«••'• Walter Reed Army Institute of Researct 

Div of CDSI 
•"""Washington, D. C. 20012 

PRINCIPAL IMVIITI«ATOafPiOTWMI MAM 11 tl I. AUMvIf /naifnol«) 

KAHI*   Formal,   S.B, 
.«.•»o»     202-576-3344 
MCIAL lICUHITf ACCOUNT  MUMB«A     

MOCtATI 'NVIITIOATOM 

NAMI< DA 

n uivMiu pas« um .1» tarn BBamsa 1.4  
(U)   Diarrhea;   (UjDysentety,   (U)  Bacillary  (U)   Salnonellosis, (U) Immunity, (U)Imunization 

II   TICHMC AL OBJICTtvl,* I« APPKOACH,   1» PKOCRtM rPMnl* la«lt««Mf pM««npAf i4w,HHt* % maAar   pm*MB Mal ■! nMA wm ,*twtr ClaatlAtatlaA CaAaj 

23 (U) To find improved procedures to control diarrheal disease. Present work 
involves the preparation and testing of ora. vaccines against bacillary dysentery, 
and the identification and characterizatJci. i>f agents involved in "travelers 
diarrhea". 

24 (U) Attenuated dysentery strains are being developed. They are being evaluated 
for safety in several systems and are being treated for potency in monkeys and in 
man. 

25 (U) 71 07-72 06 A new E. coli hybrid expressing the somatic determinants of 
S. flexneri 2a has been employed as a vaccine in volunteers.  Dosages of 1010 

cells in volunteers have produced no illness. For technical report see Walter 
Reed Army Institute Annual Progress Report, 1 Jul 71 - 30 Jun 72. 
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Project  3A062110A822, MILITARY INTERNAL MEDICINE 

Task 00, Military Internal Medicine 

Work Unit 121,  Pathogenesis of enteric diseases 

Investigators. 
Principal:  Samuel B. Formal, Ph.D. 
Associate:  Peter Gemski, Jr., Ph.D. 

Description. 

The pathogenesis of enteric diseases is studied to elucidate 
mechanisms by which enteric pathogens produce symptoms.  By under- 
standing the steps involved in provoking disease, improved pro- 
cedures for prevention and treatment of diarrleal diseases will 
become evident. 

Progress. 

1.  By employing an integrated immunologlcal, cytological and 
genetic approach to study pathogenesis of bacillary dysentery by 
Shigella flexneri, studies from this department have previously es- 
tablished that an essential feature for establishing disease is the 
penetration of epithelial cells of the colonic mucosa by the patho- 
gen and its subsequent multiplication. During the past year we have 
addressed ourselves to the question of 0-antigen specificity and its 
effect on the invasiveness of pathogens. The similarity of chromo- 
somal position for antigen genes of E. coll and S_.   flexneri (near the 
histidine operon, his) , has enabled us to construe*- by intergeneric 
hybridization techniques, £. flexneri derivatives which express either 
the E. coll 0-25 or 0-8 somatic antigen ratner than their native 
parental serotype. Table 1 is a summary of the serological properties 
of his-1" S. flexneri hybrids obtained from matings with 0-25 E. coll 
Hfr vmoY and 0-8 E. coli Hfr 59. 

Their slide agglutination properties were tested in E. coli mono- 
specific factor 25 or 8 serum, unadsorbed £. flexneri 2a serum, £. 
flexneri monospecific type II s*»rum and S. flexneri y serum contain- 
ing agglutinins for group factors, 3,4. With hybrids derived from 
matings with the 0-25 E. coli W3703 donor, three agglutinin classes 
could be scored. Class C, in which cells agglutinated only in £. 
flexneri antlsera (type II and Y) represents his"*" hybrids which did not 
inherit E. coli determinants, this serological pattern being typical of 
the parental recipient strains. Among those hybrids which inherited 
antigen 25, two serological patterns were distinguished.  Class A hy- 
brids agglutinated strongly in factor 25 serum and in the S_. flexneri 
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type 2 serum but were unreactive in the group factor S^. flexneri Y 
serum.  It appears therefore that these hybrids had replaced their 
native group antigens with the £. coli 0-25 antigen in the process 
of recombinant formation.  The type specific II antigen, whose gene(s) 
map near the pro locus (distal  to the his region) remain unaltered 
and are -.till expressed in such hybrids.  With Class B hybrids, ag- 
glutination was detected in all three sera, although it was noticeably 
weak in the S. flexneri group factor serum. These results suggest that 
class B hybrids may be diploid for the his chromosomal region, con- 
serving their native £. flexneri group factors in addition to inherit- 
ing antigen 25 from £. coli.  With His+ hybrids derived from the antigen 
8 donor, E. coli Hfr 59, only two distinct agglutinin classes were 
evident (Table 1, bottom). Class A hybrids agglutinated only in factor 
8 serum, being unreactive in any of the £. flexneri antisera.  Class 
B hybrids behaved serologically as typical S. flexneri 2a. 

Virulence of S. flexneri hybrids with E. coli antigenic character- 
istics.» The Sereney test for keratoconjunctivitis was employed in 
initial screenings to assess the virulence of S_.   flexneri hybrids ex- 
pressing E. coli antigens. This test determines the ability of 
organisms to penet-.a':e epithelial cells of the cornea, causing kerato- 
conjunctivitis. A provocation of keratoconjunctivitis by S_.   flexneri 
in turn reflects the ability of the organism to invade bowel epithelium, 
a necessary attribute for £. flexneri virulence.  Both £. coli Hfr 59 
and Hfr W3703 failed to evoke keratoconjunctivitis and hence were con- 
sidered avirulent. When ♦-.he 88 His+, antigen 8 positive hybrids derived 
from a mating with Hfr 59  (Table 1), class A, bottom) were so screened, 
none caused keratoconjunctivitis thus indicating that they were aviru- 
lent. Subsequent testing of these hybrids for sensitivity to "rough- 
specific" bacteriophages revealed that 77 of 88 were lysed by at least 
one of them. Thus, the avirulence of a high proportion of the 0-8 hy- 
brids could be due to their rough state. Nevertheless, the remaining 
11 hybrids, which exhibited no sensitivity to the "rougn-specific" 
phages and agglutinated strongly in 0-8 antisera, still were avirulent. 

Sereney tests on £. flexneri hybrids which inherited E_.  coli 
antigen-25 revealed that some of these Indeed retained the ability to 
penetrate epithelial cells.  Screening tests were limited to class 
A hybrids (Table 1, W3703 donor) since this type of hybrid had apparent- 
ly replaced S. flexneri group factors with the 0-25 donor antigen. 
Si:, of 44 such hybrids provoked a positive Sereney test and when test- 
ed with the rough-specific phages, scored as smooth. As in the case 
of the 0-8 £. flexneri strains, many, but not all, of the avirulent 
0-25 hybrids appeared to be rough, bhowing sensitivity to at least one 
of the rough-specific phages employed. 

Upon reisolation of organisms from diseased eyes, the virulent 
cells were serologically indistinguishable from those employed in the 
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initial challenge, beiDg &CJCJlutinated ODl.y by !· ~ 2-25 and 
s. flexneri type II antiMra. ODe nch atrain, o-25 hybri48 547-1-7 
waa cboHD for further 8tu4y of virul•t propertiea. 

id atrain 542-1-7. Both tbe parent 
s. flexneri 2a atrain 1 - - id 542-1-7 were fed 
to CJZOUP8 of ataned-opiated C)Uinea pi98 at a doH of about 1 x 1o8 
cella. AD~• were aacrifice4 24 houra later aD4 tbeir inteatinea 
~ hiatologically to ...... tbe extent of bowel ~. 

section• of the ... u intutine frc. CJUinea pig• fed the parent 
~-!· flexneri 2a atrain 17-14 18 8howe4 aarke4 alteration• of the 
..acoaal architecture. 'l'beM included, villou clubbing with elon9a
tion· and dilation of the g aa4ular crypta1 4ecreaae4 nUIIben of plet 
cella, increaecl focal al()U(Jhing of the epithellwa1 COft981ition aD4 in
creaae4 cellularity of the l..t.na propria. The large inteatine wu 
characteriHd by 4iffuaely acattered area. of altered IIUcoa&l archi
tecture. Thare wu an increaae in the ..acoaal thic:Jmeaa. The epi
thelial lining of the crypta abowed nuclear hyperchrc.ati•, increued 
nUIIbera of llitoMa aD4 4ecreaae4 nUIIbera of plat cella. The aur
face epitheliua wu focally uncerate4 with an uaociate4 acute in-
fl .... tory exudate. Occaaional epithelial crypt abaceaaea and aicro
abaceaaea in the .ucoaal l)'lllpboid &C)9r89ate8 were obaerv.ct. The 
laaina propria waa congeate4 and diftuaely acattere4 collection• of 
poly.orphonuclear neturophila were preHDt. section• frc. bot:h the 
... u and large inteatinea of 9Uinea pi9a fed the hybrid s. flexnari 
o-25 atrain 542-1-7 8bowe4 a~lar an4 eaaentially indiatiDtuiahable 
810rphological alteratioaa. Colltrol aniaala, fed eithar an avirulent 
atrain or broth alone, ahowed nozaal -11 an4 large inteatinal ..acoaal 
architecture without evidence of acute infl .... tory reaction. 

M4itional exaaination of diseaecl tiaaue with the fluoreacent 
antibody technique, uaing labeled antiMra 49ainat B. coli o-25 or 
S. flexneri 2a revealed that the 4e9rM of invuion -oililcoial epi
thelial cella by the o-25 hybrid approxiaated th&t of the virulent 
!· flexneri parent 17=14-18. 

Our finding that s. fl.-ri hybri48 with E. coli o-8 factor 
(cheaically divergent-tO s. flexDeri CJroup factor;-&r'e-avirulent while 
tboM with the cta.ically-related B. coli o-25 factor can oonaerve 
virulence thua in4icatea tbat the C>-r;;;at -unit 001iil081tion of aurface 
lipopolyaaccharidea can be altered within l~t• without aignificant 
alteration to virulence. 

2. Anotber upect of our p~- on di'"beal diHaM baa been 
concerned with the diHUe cauae4 by toxin produciDg iitraina of 
ShiCJella 4xaenteriae, internt in thi• orpni• havin9 been increuec! 
due to the recent epi~c of Ship clyMDtery in Central ~rica. We 

1135 



■^ 

have been involved during the last year In assessing the relative 
importance of mucosal invasion versus enterotoxin production in the 
pathogenesis of disease. We have studied In various experimental 
animal models the disease provoking capacity of S_.  dysenterlae 1 and 
some mutant derivatives.  Specifically, the disease provoking capa- 
cities of (a) a wild-type strain capable of both penetrating the in- 
testinal mucosa and producing toxin; (b) a naturally occurring mutant 
unable to invade, but capable of elaborating high yields of toxin; (c) 
a mutant strain capable only of cell penetration having lost its toxi- 
genlcity and (d) a mutant strain unable to penetrate or elaborate 
toxin, were compared. 

Comparative studies on toxigenlc S. dysenterlae 1 employing 
penetrating and non-penetrating derivative's". iSTcial experiments were 
conducted with S. ■' /senterlae 1 strain 3818. This strain is similar 
in behavior to a strain of S. flexneri 2a previous.ly studied, in that 
two colonial types are observed, em opaque (0) and a translucent (T) 
form.  As with S. flexneri 2a, the T colonial fonr of strain 3818 was 
able to penetrate epithelial cells as evidenced by an ability to evoke 
keratoconjunctivltis in the guinea pig; (Sereney test) the O-form 
lacked this property. 

Since £. dysenterlae 1 elaborates toxin, its possible Involvement 
in the penetration step of pathogenesis had to be assessed. Thus, 
comparative titratlons for toxin production by the 0 and T forms of 
strain 3818 were performed to determine whether the 0 form produced 
toxin and if so, whether the amount elaborated was significantly lower 
than its T form parent. Two-fold serial dilutions of sterile filtrates 
from shaken overnight broth culture of both the 0 or T form were tested 
for their capacity to kill monolayers of HeLa cells. The preparation 
form a T-colony form of strain 3818 killed HeLa cells at a dilution of 
1:800 while that from the 0-colony form had a cytopathogenic effect at 
a dilution of 1:1600. The finding of comparable levels of toxin In both 
both the 0 (non-penetrating) and T (penetrating) form of strain 3818 
suggests no significant involvement of toxin in the initial steps of 
epithelial cell penetration. 

Experiments with the T and 0 derivatives of 3818 were next con- 
ducted utilizing the rabbit Heal loop model. Sterile filtrates from 
shaken overnight broth cultures of both colonial forms contained en- 
terotoxlc activity In that both produced positive Heal loops. Like- 
wise when bacterial cells of both the penetrating and non-penetrating 
derivatives were inoculated, positive loops resulted. However, when 
fluorescent antibody studies were performed on sections of these posi- 
tive Heal loops, a dramatic difference In the distribution of organ- 
isms was observed. Organisms of the T-form (Sereney positive) strains 
were observed within epithelial cells of intestinal mucosa as well 
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as in the bowel lumen, while the cells from ehe O-form (Sereney 
negativ») derivative were present only in the lumen. Thus, it is 
apparent thct despite production of toxin both the 0 and T form, 
only the T-form had the ability to penetrate the intestinal 
epithelial cell. 

The toxigenic 0 and T forms of strain 3818 were next fed to groups 
of Rhesus monkeys in dosage levels of 5 x lOlO cells.  The results of 
this study (summarized in Table 2) were unequivocal, in that 9 of 15 
animals fed the penetrating strain (T form) exhibited evidence of 
disease; 4 of these animals died with acute dysentery while the re- 
maining 5 diseased monkeys suffered severe diarrhea. There was no 
evidence of paralysis in any of the animals. None of the monkeys 
which were fed the toxigenic but non-penetrating strain 3818-0 showed 
any signs of illness.  Three additional monkeys suffering from 
dysentery following an infection with strain 3818-T were sacrificed 
for pathological examination.  At necropsy, gross abnormalities of 
all three were confined to the colon. The small intestine appeared 
normal. The colonic contents consisted of a mucopurulent of muco- 
hemorrhagic exudate which covered the mucosa. The colonic wall was 
edematous and thickened; the mucosa was injected, granular, unevenly 
swollen and markedly edematous, with patchy hemorrhage. Histological- 
ly, the colonic mucosa was involved by acute colitis, which was in- 
distinguishable from that caused by Shigella flexneri infections pre- 
viously reported. Prom these findings it is evident that toxin pro- 
duction alone is not responsible for the capacity of S. dysenteriae 
to cause clinical disease in monkeys. 

Comparative studies on penetrating S. dysenteriae 1, employing 
toxigenic and non-toxigenlc derivatives. As is tne caae with !3. 
flexneri and S. sonnei, £. dysenteriae 1 must penetrate the intestinal 
mucosa to cause disease. Nevertheless, neuro-enterotoxin production 
is an important characteristic of this organism and we next attempted 
to assess its role in the pathogenesis of the disease. Our approach 
was first to obtain a mutant strain which did not produce toxin but 
which could invade the bowel wall and then to obtain a double mutant 
which lacked both of these characteristics. Initially, attempts were 
made to isolate a toxin negative mutant from cell populations of £. 
dysenteriae 1 strain 3818-T which had been exposed to mutagenic agents 
(N-methyl-N'nitro-N-nitrosoguanidine, ethidium bromide or treatment 
with UV). Sterile filtrates from over 700 such clones were tested for 
lack of ability to kill HeLa cell monolayers and none were found. 

Other studies in this laboratory, however, led to the fortuitous 
observation that 10 to 25 percent of chlorate resistant mutants of 
several S. dysenteriae 1 strains lost the ability to produce toxin. 
At the present time, the precise chlorate resistance locus involved 
and the mechanism by which a proportion of these clones become toxin 
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negative Is unknown.  Nevertheless, we decided to employ this 
approach to recover toxin negative derivatives of botn strain 3818-T 
and strain 3818-0. A toxin negative, penetrating strain (725-78), 
derived from 3818-T, and a toxin negative non-penetrating strain 
(735-19), derived from 3818-0, were chosen for further study.  Crude 
toxin extracts, prepared by the procedure of van Heynigan, were made 
from comparable amounts of cells of the parent and mutant strains. 
Extracts from the mutant strains failed to kill HeLa cells and failed 
to cause a positive Heal loop in the rabbit. On the other hand, the 
preparations from the parent strains had more than 600,000 tissue 
culture lethal doses per mg Kjeldahl nitrogen and did evoke a positive 
Heal loop. 

Since both mutant strains failed to produce detectable toxin, it 
was of interest to compare their behavior with that of parent strains 
(3818-T and 3818-0) when bacteria rather than cell-free material were 
employed in both the rabbit Heal loop and starved opiated guinea pig 
models.  In addition to positive Heal loop responses  with the toxin 
producing 3818-T and 3818-0, it became immediately evident that the 
penetrating non-toxin mutant 725-78 was capable o*" eliciting a  positive 
loop.  There remained the distinct possibility, however, that this non- 
toxigenic strain had reverted in the animals and produced toxin. To 
detect such revertants, 5 to 20 clones were isolated from each positive 
loop, and were tested for toxin production using the HeLa cell cyto- 
toxicity test.  No such revertant clones were found among these isolates 
from loops infected with the non-toxigenic strain. These results thus 
indicate that in vitro production of toxin is not an attribute which 
£ dysenteriae 1 must possess to cause fluid loss in this model.  In 
contrast to strain 725-7P-, the non-penetrating, toxin negative deriva- 
tive 735-19 consistently failed to produce a positive rabbit Heal loop. 
Samples of intestine removed from rabbits and starved guinea pigs in- 
fected with either strain 3818-T, 3818-0, 725-78 or 735-19 were examined 
for the distribution of organisms and for pathological alterations in 
the intestinal mucosa using the fluorescent antibody technique and rou- 
tine histologic procedures.  The degree of mucosal alteration in each 
experimental group varied from animal to animal, but the distribution 
and localization of organisms and the evolution of mucosal lesions show- 
ed a uniform pattern. Similar results were found in both the rabbit 
loop and the small intestine of guinea pigs, although the changes in the 
latter were more extensive than those of the former. Both penetrating 
strains (3818-T and 725-78) , and structural changes in the mucosa of 
the rabbit Heal loop and of the small and large Intestine of guinea 
pigs; the degree of Inflammation and mucosal alterations caused by 
the toxigenic penetrating strain 3818-T was more severe than that 
causod by the non-toxigenic, penetrating strain 725-72. The non- 
penetrating, toxin positive 3818-0 remained localized in the bowel lumen, 
evoking minimal or no Inflammatory response and no mucosal alterations. 
The intestinal mucosa of animals infected with the non-toxigenic, non- 
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penetrating strain 735-19, showed neither inflammation nor struc- 
tural changes and therefore was indistinguishable from a non- 
infected control. 

Because the non-toxigenic penetrating derivative 725-78 appeared 
fully virulent in the rabbit ileal loop and starved guinea pig models, 
we tested its disease evoking capacity in Rhesus monkeys.  Six 
monkeys were fed strain 725-78 at a dose of 5 x 101° cells and ex- 
aiuined daily for illness. Three of the 6 monkeys developed typical 
baciliary dysentery. A total of 80 clones of 725-78 isolated from 
the disease monkeys were screened for toxin production to exclude the 
possibility of reversion to toxin production within the host. No such 
revertants were recovered. 

The results of thesu studies on several animal models (rabbit 
ileal loop, starved guinea pig, monkey) employing an immunological and 
cytoiogical approach indicate that the disease caused by a non-toxi- 
genic penetrating hybrid is not distinguishable from that caused by 
the original toxigenic penetrating parent strain. Strains which have 
lost both of these properties are unable to cause disease and those 
which form toxin but do not penetrate bowel epithelium can not cause 
a pathogenic infection. Although these findings do not necessarily 
exclude a function for toxin in the pathogenesis of shiga dysentery, 
they emphasize that a far more important property for causing natural 
disease is the ability of the pathogen to penetrate and grow in the 
bowel mucosa. 
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Description. 

1. Escherichia coll Hfr donors bearing negative chromosomal 
markers were employed  In matlngs with Salmonella typhosa recipients 
to establish the length of  the E. coll chromosomal segments 
incorporated by recombination in the £[.  typhosa hybrids. 

2. Salmonella  typhosa hybrids which contain the receptor for 
phage X and a region required for \ replication acquired from 
Escherichia coll K-12 become sensitive to this collphage. 

3. The fertility factor, P, of Vibrio cholerae which exists 
In cells af a supercoiled circular DNA molecule has been Isolated 
and characterized. 

Progress. 

1. Recombination of Escherichia coli chromosomal segments 
in Salmonella typhosa. 

As a genetic recipient in the cross with an Escherichia 
coli K-12 Hfr strain, Salmonella typhosa is capable of recombinlng 
transferred K-12 deoxyribonuclelc acid (DNA) with homologous regions 
of its own chromosome.  Frequently, however, the IS. coli DNA persists, 
unrecombined, in S.   typhosa as an addition to the Salmonella genome, 
thus creating a partially diplnld hybrid. When an Inherited E. 
coli gene determine a positive phenotyplc character for which the 
corresponding Salmonella allele is a negative determinant, its 
diplold nature may be discovered by its loss, i. e., segregation, 
from the S.  typhosa hybrid.  However, the absence of detectable 
segregation, although suggestive of the haploid state of the E. 
coli gene, does not esuollsh it. 
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To circumvent  the problem of distinguishing haploid  S.   typhosa i 
recombinants from stable   (rarely segregating),  partially diploid 
hybrids, we recently examined pheno-.ypic expression of negative JJ. 
coll donor markert)   (for which  the corresponding recipient  alleles 
were positive)  to indicate the haploid state of those E.  coll 
genes in S.   typhosa hybrids.     We found  that haploid  inheritance 
of negative E.   coll characters   fPG unselected markers)   in  S,   typhosa 
hybrids occurred to a signlf■•cant extent only when those characters 
were closely linked to the positive markers used for selection, 
Indicating that recombination involves relatively short segments 
of the donor chromosome  (see Annual Report,  WRAIR,   1971).     To 
determine  the lengths of  these E.  coll DNA segments undergoing 
recombination in S,   typhosa.  we have,   In the present study, 
concentrated on a single positive selective marker,  rhamnose 
utilization  (tu r),   and have examined  the unselected  inheritance 
of several closely linked negative donor genes. 

Two negative allele-bearing E.  coll Hfr strains were employed. 
E.  coll Hfr WR2017 has the negative markers metB~,  argH~,  and thiA" 
situated within 2 mln of the selective marker rha+.    Its  transfer 
order is O-thiA-argH-metB-rha.    The negative markers are  thus 
transferred proximal   (with respect to the transfer origin)   to the rha+ 

selective marker.    E.  coll Hfr WR2018 has the same transfer order 
as WR2017,  and bears  the negative marker rnetE". which is situated 
1.5 mln distal  (with respect to the transfer origin)  to the rha+ 

marker;  it also has the negative argH~ marker.    Matings between 
these Hfr strains,  and  the  S.   typhosa recipient strain,  WRA200, were 
accomplished on a minimal agar selective medium,   in which rhamnose 
(utilized by both of the donor strains but not by  the S^.   typhosa 
recipient)  served as  the carbon source.     In addition to  the cysteine 
and tryptophan required by  S^.   typhosa WR4200,  methionlne,   arginine, 
and thiamlne were included In the selective medium to allow recovery 
of those hybrids in which recombination of the negative donor alleles 
metB", rnetE", argH~.  or thiA" might occur.    Counter-selection of 
the E.  coli donor parent,  in each instance, was accomplished by 
the omission of hlstldine,  which both of the Hfr strains  require 
for growth. 

The inheritance pattern oi 100 hybrids of S^   typhosa WR4200, 
selected for receipt of the rha+ marker E.  coll Hfr WR2017 was 
as follows: 

Hybrid Class No. 

rha+ 75 
rha+ metB" argH" 18 
rha+ metB" argH" thiA" 5 
rha+ metB"     ~        ~ 2 
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Tbj negative donor allele, metB", most closely linked to the rha+ 

marker at 0.8 mln, was expressed by 25 hybrids, and 23 of these also 
expressed the next closest negative marker at 1.2 min, argH". 
However, only five hybrids expressed, in addition to the donor 
metB" and argH" markers, the least closely (1.8 min) linked thlA" 
marker. The haploid inheritance of E. coll DNA '.n this cross thus 
appears to fall off rather sharply at a distance of 1.2 to 1.8 mln 
from the selected marker. 

Recombinational inheritance of an E. coli marker located distal 
to the rha+ selective marker was examined by mating S^. typhosa 
WR4200 with E. coli Hfr WR2018.  This Hfr transferred the negative 
metE" marker, which is located 1.5 mln distal to rha, as well as 
the proximally located negative marker, argH". The inheritance 
pattern of the hybrids obtained from this cross was as follows: 

Hybrid Class 

rha+ 

rha+ argH' 
rha+ metE' 

No. 

61 
26 
13 

Of the 100 rha"1" j>. typhosa hybrids examined, 13 expressed the 
negative metE" allele.  In addition, 26 other rha"*" selected hybrids 
from this mating expressed the donor argH" marker, which compares 
with the 23% haploid inheritance observed for this allele in the 
previous cross with WR2017.  Significantly, no hybrid from this 
cross was found to express both negative donor markers, which would 
•represent a minimum map distance of 2.7 mln. 

The results of these analyses Indicate that the segment length 
of E. coli DNA most frequently Incorporated by recombination in 
JS. typhosa hybrids is between 1 and 2 mln. Considering that only 
5% of the S.  typhosa hybrids derived from E. coll WR2017 were 
observed to Incorporate as much as 1.8 mln of donor chromosome, 
and that none of the WR2019-derlved hybrids were seen to incorporate 
as much as 2.7 min, it is likely that recombination in this mating 
system normally does not Involve DNA sagments much longer than 2 mln. 

None of the £. typhosa hybrids derived from either of chese 
matings which expressed a negative donor marker were observed to 
lose the selected rha"1" marker by segregation. This stability of 
the selected positive marker whenever closely linked negative 
donor markers are expressed In the hybrid was observed also in 
previous studies, and it is probable that in those instances, 
the selected marker has been incorporated by recombination along 
with the neighboring negative marker. On the other hand, all but 
16 of the 61 hybrids ootalned with E. coll WR2018 which expressed 
only the rha"1" marker were observed to be unstable (diploid) with 
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respect to this character.  If we assume that most of those 16 
rha hybrids from which no segregants were detected are recomblnants 
(which seems quite probable), and If we add In the 39Z observed 
recomblnatlonal Inheritance (26 rha+ argH", 13 rha+ metE") In this 
cross, It would appear that the overall Incidence of recombination 
among rha+ selected hybrids is In the nelghborhoor*. of 50%.  In 
view of our previous finding of 52% recombination among S_.   typhosa 
hybrids selected for receipt of the E. coll ara+ marker (Annual 
Report, WRAIR, 1971), It seems reasonable to conclude that roughly 
half of the S.  typhosa hybrids obtained from this mating system 
will be recomblnant with respect to the marker (and closely linked 
genes) for which they are selected. 

2.  Sensitivity to wild-type \  in E.  coli-S. typhosa diplold 
hybrids. 

The isolation of partial diplold hybrids from a cross 
between E. coll Hfr WR200A as donor and S. typhosa Hfr WR4000 
as recipient provided a means for establishing the continuous 
nature of the K-12 diplold genes within such hybrids. Thus, 
continuity of the K-12 genetic material could be demonstrated 
by transfer of the Z.  coll genes carried by the S_,  typhosa 
Hfr diplold hybrids to suitable F~ K-12 recipients. The expected 
gradient of transfer frequencies, Inheritance of unselected 
donor characters, and marker entry times, as determined by 
interrupted matlngs, were observed using these S.  typhosa Hfr 
diplold hybrids as donors of K-12 genes. 

Three relatively stable partial diplold hybrids containing 
continuous K-12 segments, which had previously been obtained from 
a cross between WR2004 and WR4000, were examined for sensitivity 
to wild-type X. Two of thepe S^. typhosa hybrid strains, WRA270 
and WR4271 had been shown to contain and transfer an E. coll 
diplold segment which Included the selective markers pro, thr. ara. 
leu, arg, xyl, and fuc, but not the his locus. The third S.   typhosa 
hybrid, WR4272 possesses an E.  coll genetic segment shown to be 
genetically complete through the strA locus, but not including 
the fuc+ marker. All three of these S,  typhosa hybrid strains 
were found to be sensitive to wild-type X using the spot test 
procedure. To "onfirm the spot test resuxLc.. these three S^. typhosa 
hybrid strains were also examined in the standard TB agar overlay 
procedure for the assay of X, with E. coli WR2000 employed as the 
control indicator strain for plaque formation. All three £. typhosa 
hybrids plated X with an efficiency of plating (eop) of 1. The 
appearance of the plaques foraied on the hybrids, however, was 
considerably different from those observed on the K-12 indicator 
strain WR2000. The plaques are smaller and less distinct on the 
S.  typhosa hybrids than on E.  coli; cloudy diffuse areas in the 
center of these faint plaques are poorly defined as compared to 
typical X plaques. 
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The finding of sensitivity of these S^. typhosa hybrids to 
wild-type X  is in distinct contrast to our previous results with 
j>. typhosa hybrid WR4255, a strain which does not permit plaque 
formation by wild-type X.     WR4255 is lysed only by sx mutant of A, 
or by phage hybrids between A and phage 21 which, in addition to 
the incuunity of phage 21, have obtained the N gene of this phage 
in place of the N gene of A. 

We also examined 24 newly isolated hybrids from a cross 
between WR2004 and WR4000 and fourd them to be uniformly 
sensitive to wild-type A.  Among t.iese were strains similar to 
WR4272 which possess a physically continuous diploid E.   coll 
chromosomal segment from proA through the strA locus. 

Lysogeny of A in S. typhosa hybrids. Although £. typhosa 
hybrid WR4255 is unable to replicate A normally, phage production 
can be detected following transduction of the gal+ genes by HFT 
lysatrs composed of A and Ad^.  However, the expected lysogenic 
reap  ;e seen with A lysogens of K-12, wherein phage release is 
inherent in all clones, is not observed with the gal+ transductants 
of WR4255. Rather, phage prodrction by the gal+ transductants 
of WR4255 is an unstable trait which can be permanently lost upon 
repeated cloning of the transductants. Despite the loss of phage 
producing ability by the transductants of WR4255, Immunity to 
superinfection remains as a stable trait even after segregation 
of both phage producing ability and the Ad£ element. These 
results in conjunction with the non-inducibility of X  and Adg 
in transductants of WR4255 indicated that at least the immunity 
genes and perhaps the entire A prophage was being maintained in 
this hybrid, but was no longer being replicated to form free phage 
AS occurs in typical K-12 lyuogens. The fact that j>. typhosa 
WR4272 displays cloudy plaques when A is plated on it was taken 
as presumptive evidence that X lysogens could be isolated in this 
strain. Accordingly, the cloudy centers of a number of plaques 
were picked and purified on MEA agar. As previously reported with 
other similar E. coli-S. typhosj partial diploid strains, the 
colony type is seen as a small dense form which will occasionally 
segregate a translucent larger colony resembling the parent strain 
WR4000. Also correlated with colony type in the J3. typhosa 
diploid Is the presence of K-12 type I pill which can be detected 
by a slide agglutination test with antiserum prepared against 
E. coll K-12. Dense appearing colonies of WR4272 are diploid and 
uniformly carry the K-12 region extending from proA.. .leu.. .ara... 
thr... rm.. .pil...malB...rha... tna.. .xyl.. .mal...strA, whereas, 
the translucent segregant clones generally have lost all of these 
markers. To insure maintenance of the diploid K-i2 genes in hybrids 
needed for further study, only the dense colonies which appeared 
aft«~ streaking from plaque centers were further purified by 
restreaking on MEA agar plates. These dense clones were then 
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tested  for A phage release and Imiuunlty to superlnfectlon to 
establish the lysogenlc btate.    Most of the dense colonies tested 
were immune to A and free phage could be demonstrated In the 
supernatant fluid.    Those dense colonies which did not release 
phage  remained sensitive  to lysis by  X and thus were considered 
non-lysogenic for A, 

A number of A  lysogenlc derivatives of the S_.   typhosa 
dlploid  hybrid WR4272 were examined  for conservation of the ability 
to release phage by replica-plating colonies onto overlays of 
the E.   coll K-12 A indicator strain WR2000.    Over 4000 dense 
colonies  tested in this manner shownd that phage was released by 
all colonies, whereas  in a similar experiment with heterogenotes 
of WR4255,  loss of phage production was detected at frequencies 
of 50% or more of the colonies tested.     In addition, a A lysogenlc 
strain of WR4272, designated WR4290,  was subjected to thirty 
consecutive single dense colony clonings.    At the end of  this 
period,  400 individual dense colonies were tested for phage release 
as above and all were found to be still capable of producing A. 
These results Indicated that the A  lysogenlc dlploid S.  typhosa 
clones of WR4290 were similar to K-12 in being able to maintain 
the normal lysogenlc relationship with regard to phage release 
In contrast to the frequent loss of  this ability by hybrid WR4255. 

Quiescent nature of prophage A  in haploid segregants from S. 
typhosa dlplolds.    To follow the fate of lysogenized A after 
segregation of the entire K-12 dlploid segment, a single translucent 
haploid segregant was picked from each of 100 individual dense WR4290 
A  lysogenxc colonies  Isolated on individual MEA plates.     Each of 
the translucent colonies was shown on further genetic analysis  to 
have lost all of the detectable markers of the E.  coll dlploid 
segment,  and upon testing failed now to show phage release.    We 
considered the possibility that loss of the K-12 segment might 
Involve removal of K-12 genes affecting the vegetative replication 
ability of A.    The phage could still persist, however, in the 
prophage state in these segregants but would be unable to form 
free phage.    If this were the case,   the replacement of the dlploid 
piece should result in the exposure of A lysogeny evidenced by 
concomitant immunity to A and phage release by all clones.    To 
test  this possibility,  a translucent haploid segregant unable to 
produce phage was selected from the A lysogenlc dlploid hybrid 
WR4290.     This strain, WR4291, being negative for all testable K-12 
markers,   thus expressed a typical haploid phenotype.    A mating was 
then performed using a A sensitive E.  coll Hfr, strain WR2009, 
to replace the requisite K-12 region  (from pro"*" through the str 
marker)   In WR4291.    Hybrids of this mating were selected for acquisition 
of the dtplold strains containing K-12 genes from pro-*- through str. 
This class of recombinants was previously shown to contain the 
necessary K-12 region for A replication.    After purification and 
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genetic-analysis,   24 of  the suitable diploid hybrid class were 
tested  for release of A and were all found to produce the phage 
again;   they were also immune  to superlnfection by X but  sensitive 
to  Almm434 and Avir.    As  expected,   the parental  translucent 
segregant WR4291 was unable  to  produce A under  the same  conditions; 
its   immunity pattern cannot  be   tested since it  lacks the A  receptor 
and  Is,  therefore,   insensitJ-    to lambdoid phages.    These findings 
thus support the view that  the diploid segment contains gene(s) 
necessary for vegetative replication of A which,  if lost by 
segregation,  prevent  the  production of  free phage  in lysogenlc 
cultures. 

Preparation of  low frequency  transduction  (LFT)  and high 
frequency transduction  (HFT)   lysates of A  in S.   typhosa hybrids. 
Occasionally,  large diploid hybrlos such as WR4272 will  segregate 
derivatives which have lost a portion of their K-12 segment, 
but   still maintain part of  the  previously inherited K-12  genes 
with a high degree of stability.    A segregant of this type from 
WR4272 was encountered which  conserved the K-12...rha... tna...xyl... 
region,  having lost  the lac and  fuc markers.    This strain,  WR4272, 
proved  to be sensitive to A,  and  because It possesses the native 
gal  allele of its j).   typhosa parent, was studied  to determine 
whether LFT and HFT lysates of  A  carrying the gal operon of j[. 
typhosa could be produced. 

After S.   typhosa hybrid WR4273 was lysogenized with Atl  to 
yield WR4272, a Gal" mutation was Introduced Into WR4274 by 
mutagenesis with NTG to provide a recipient strain, WR4275 for 
the  transduction experiment.    The next step in the procedure 
was  the production of a A  lysate by heat Induction of the Atl 
lysogenlc, Gal+ strain WR4274.    This lysate, assumed to be an LET, 
was found to contain approximately 5 X 10^ pfu/ml when assayed 
on the A sensitive S.  typl.^a hybrid WR4273.    Transduction experiments 
were performed with this lysate ai   an moi of 5, employing WR4275 
as  the recipient for transduction of the S^.  typhosa gal operon. 
After a 72 hr Incubation period,  Gal+ colonies which appeared on 
the MacConkey galactose agar plates were subjected to repeated 
purification.    Most of these transductants were found to behave 
as unstable Gal~/Gal    heterogenotes.    HFT lysates were prepared 
by heat induction of.these heterogenotes, and were shown to contain 
approximately 5 X 10    pfu/ml after assay on the WR4273 host. 

Transtiuctlon of S.  typhosa gal operon by HFT lysates.    An HFT 
lysate from an £.  typhosa hybrid heterogenote was compared wich 
an HFT from an E. coll K-12 heterogenote to determine Gal+ 

transduction frequencies.     The A  lysogenlc E.  coll strain, WR3061, 
A lysogenlc S.  typhosa hybrid WR4272 and A InsensiMve S.   typhosa 
hybrid WR4255 were employed as recipients.    The results show that 
the HFT lysate from the £.   typhosa hybrid heterogenote produced 
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a  thousand-fold lower frequency of Gal     transductlons  to ji.   coll 
and  to   the S.   typhosa WR4255 hybrid  than Is observed with the WR4275 
recipient.    With the jJ.  coll HFT lysate,  however,  the differences 
in  transduction frequencies among  the  three recipients were minor 
in extent.    The similarity in transduction frequencies between E. 
coll WR3061 and S^.   typhosa hybrid WRA255 has been previously noted 
and  is   thought to reflect  the presence of  the K-12 restriction- 
modification  (hsp)  region which  is  located between the ara and pil 
markers  known to be carried by WR4255.     These results suggest 
that when Xd^ is propagated in S,   typhosa it is subject  to 
restriction by E.   coll K-12 as well as by S^  typhosa hybrid WR4255 
which  contains  the restriction-modification locus of K-12.     S_. 
typhosa hybrid WR4275, which does not possess this K-12 region, 
and by  inference,  S^.   typhosa itself,  do not restrict Xdg propagated 
in K-12.     To confirm the result exhibited by the presence of  the 
K-12  restriction-modification locus,   the WRA275 hybrid was back- 
crossed with E.  coll Hfr WR2002 and an Ara+ hybrid was obtained 
which was found to contain the K-12 pil hsp ara region.    This 
strain,   WR4276, was now able to restrict Xdg previously propagated 
in heterogenotes of S^.   typhosa hybrid WR4275 to the same extent 
observed with the E.  coll K-12 or WPA255 recipient. 

Localization of K-12 chromosomal region allowing lytic 
replication of X.    The finding that haplold segregant WR4291  lacks 
a K-12  chromosomal region essential  for the vegetative replication 
of  X  suggested that a similar deficiency might be responsible for 
the observed behavior of WR4255.    Our next experiments were, 
therefore,  designed to ascertain  the  location of that region of 
the K-12 chromosome which would permit lytic replication of X 
in the  S^.   typhosa WR4255 hybrid.     Since WR4255 already possesses 
the X  receptor as evidenced by its being transducible for the K-12 
ggj. operon by Xdg, we wete able to employ it as the recipient In 
mating experiments with appropriate K-12 donors. 

The fact that WR4255 does not have the  . .rha.. tna. .xyl.. 
region of the K-12 chromosome present in hybrids such as WR4272 
which pi    e X indicated an obvious K-12 region for transfer to WR4255. 
For this purpose, a K-12 Hfr strain, .WR2015 having the transfer 
orientation 0. .metA. .arg, .rha. .tna. .xyl.. was employed as donor 
with WR4255 in a cross with selection for Rha   and Xyl    recombinants. 
After purification,  genetic analysis of both the Rha    and Xyl+ 

hybrids established them to be unstably diplold for the  . .rha. .tna.. 
xyl..   region of the K-12 chromosome.    Although these markers were 
rapidly segregated,  it was possible to demonstrate by the spot 
test  that when hybrids possessed this K-12 region,  they were 
susceptivle to lysis by wild-type X whereas the WR4255 parent 
could be lysed only by Xsx.    In characterizing this group of hybrids, 
we found that though most segregatns lost the entire  ..rha..tna..xyl.. 
segment and became insensitive to X,  some segregants lost only 
the  ..rha..  portion retaining the   ..tna..xyl..  region and X 
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sensitivity.     This result  thus  eliminated  the 0. .metA..arg..rha.. 
segment  ^f WR2015 from contention as  a  region providing genes 
essential  for A  replication  to WR4255. 

We next made use of  two K.   coll  Hfr strains,  WR201') and WR2021 
which  transfer  the   ■. tna. .xyl. ■   segment  of the chromosome  from 
opposite directions.     Hfr WR2010 has   the  tranfer orientation 
0.. tna..xyl..raalA..strA..,   its  point  of  origin being approximately 
at mln  73 of  the K-12 chromosome,  while  Hfr WR2021 has  its point 
of origin at mln 60 with a  transfer  orientation of 0. .strA. .malA. . 
xyl..tna..    Approriate matings with   these Hfr strains would provide 
limits  for the chromosomal  region  containing the gene(s)  necessary 
for  A   replication in 1^4255.     Xyl+ hybrids of WR4255,  obtained 
using both of  the above K-12 Hfr donors,  were  found  to show A 
sensitivity.     On the other hand,   Rha+ hybrids  from a cross with 
the  K-12  F'14 donor,  WR2016 which  carries  the   ■ .arg..metB..-ha..llv.. 
region,  on acquiring  this  episome,   remain insensitive  to  A. 
These  results  Indicate that  the necessary genetic region responsible 
for  A   replication resides within  the K-12 chromosomal segment 
which  extends  from the origin of  Hfr WR2010 near mln  73  to  the 
origin of Hfr WR2020 at mln 60. 

The  region required  for A  replication was refined somewhat by 
employing a K-12 F-merogenote strain which we  isolated as a partial 
deletion.     The F-merogenote strain,   WR2030,  deleted  from the 
..mal..strA..   region,  was characterized as having retained  the 
..pyrE..mtl..xyl..   segment of  the K-12  chromosome  (approximately 
mln  72  to min 66).    This episome  could be transferred at high 
frequency  to WRA255 by selection  for Xyl+ recomblnants.     Such 
Xyl+ hybrids became sensitive to A,   reverting to insensltlvity 
when  the episome is lost on segregation. 

Restoration of thermolnduclbillty to Atldg in S.  typhosa hybrid 
transductant WRA255  (Atldg).    We have previously reported on a 
transductant of j5.  typhosa hybrid WR4255 Inferred to be carrying 
the defective phage Atldg.     In  the Gal+ state,  WR4255  (Atldg)   is 
Immune to A as determined by Its insensltlvity to Asx while 
exhibiting sensitivity to AlmB434sx.     Gal- Isolates behaved as 
typical prophage segregants because they become sensitive to Asx 
indicating that Immunity to A  is lost  in association with loss of 
the gal genes  (2).    Despite this behavior, Atldg is not  induclble 
in the WR4255  (Atldg)  transductant by procedures which result  in 
the lysis of similar K-12 transductants carrying Atldg.    We, 
therefore,  considered the possibility that the non-lnduclblllty of 
Atldg in WR4255  (Atldg) could also be due to the absence of the 
appropriate K-12 A replication region.     Consequently,   the F-merogenote 
strain WR2030 was mated with the WR4255  (Atldg) transductant for 
transfer of the A replication associated  . .mtl..xyl..  region and Xyl+ 
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hybrids were then tested for temperature Induclbility of the Atldg 
element.  The results of such an Induction experiment show that 
restoration of thermolnduclbillty is conferred on Atldg when the 
WR4255 (Atldg) transductant contains the F..mtl..xyl.. episome. 
These results make it apparent that the A replication gene(s) 
needed for vegetative A replication after infection are also 
essential for successful induction of Atldg in thi WR4255 lysogen. 

Acquisition of sensitivity to A derivatives by NG Induced 
mutants of S. typhosa hybrid WR4255.  We were interested in determining 
whether it was possible to Isolate mutants of the A insensitive 
S.   typhosa hybrid WR4255 which would be susceptible to wild-type A 
and its derivatives. We, therefore, subjected WRA255 to NG treatment 
and plated the treated cells on MEA agar plates.  Individual 
colonies which appeared were purified and then grown in TB medium 
for use as indicator strains for phage sensitivity.  The NG 
treated strains were initially screened for sensitivity by plating 
approximately 500 pfu of Avir (as determined on ji. coll K-12 strain 
WR2000) on them. Out of about 300 colonies examined, in this manner, 
three mutants were detected on which plaques were produced by Avir. 
None of the three mutants plating Avir were susceptible to wild- 
type A, though one of the mutants was now susceptible to Aimm434, 
in addition to Avir. 

3.  Isolation and characterization of cupercoiled circular DNA 
molecules from V. cholerae. 

The P factor is a fertility factor that is transmitted 
between V. cholerae cells at high frequency and occasionally 
transfers some chromosomal genes along with it to a recipient cell. 

We examined the V. cholerae strain V58P+ for the presence of 
supercoiled circular molecules that could be associated with the P 
factor.  To detect the presence of a supercoiled circular component, 
labeled cells were gently lysed and centrifuged to equilibrium in 
an ethidium bromide-cesium chloride (EtBr-CsCl) density gradient. 
In such a gradient, supercoiled circular DNA bands as a separate 
component distinct from the rest of the chromosomal DNA so that 
the circular DNA can be Isolated when the gradient Is fractioned. 
The DNA from V. cholerae V58P+ did contain two such components, 
one the cellular or chromosomal DNA and the other smaller component 
containing supercoiled circular DNA.  The ration of the counts in 
the two components indicated that about 3% of the total DNA from 
V58P+ was in the supercoiled circular form. When active donor 
cultures of V58P+ were used this procedure always resulted in the 
detection of a supercoiled circular component containing 2-4% of 
the total DNA. As a control, the V. cholerae V58P", which is isogenic 
to V58P except that it lacks the P factor, was processed in the 
same way and run at the same time.  This P strain contained a small 

1154 

J 



I 

amount of DNA In the supercolled circular form.  The amount of 
!     supercolled circular DNA was always small and was observed occasionally. 

When this circular component was detected In V58P", It was never 
more than 1/10 of the circular component which was always present 
in V58P+ uonors. 

The P factor can be transferred to a number of other V. cholerae 
strains including V63P~ and GS-1-65.  These strains were then 
examined for the presence of supercolled circular material by the 
dye-buoyant density method.  A comparison was made between these 
stralne both with and without the P factor.  The results were 
similar to those observed for V58P+ and V58P".  In addition, 
when the P factor was transferred from V63P+ to V58P~F the newly 
isolated V58P+ donor strain consistently showed supercolled circular 
DNA fractions smaller in amount to that present in the original 
V58P+ strains. 

The supercolled circular DNA isolated from the P+ and P" 
strains was then subjected to sucrose density gradient centrifugatlon 
to determine the molecular weight of the different circular components. 
Supercolled circular DNA that has been Isolated by the dye-buoyant 
density method may show two peaks when centrifuged in a sucrose 
gradient.  The faster moving peak is the Intact supercolled circular 
DNA and the slower fraction represents the corresponding open 
circular or linear DNA that results from strand breakage.  Using 
the l^C labeled A DNA as a reference. It is possible to calculate 
the sedimentation coefficient of the two components.  In the P 
supercolled circular preparation, the faster moving one corresponding 
to the supercolled circular form of the molecule had a sedimentation 
coefficient of 84s. The molecular weight of the supercolled 
circular DNA from V58P+, GS-1-65P+, and V63P+ was calculated to be 
80 million daltons using the relationship between the sedimentation 
coefficient and molecular weight.  The sedimentation coefficient 
of the slower moving one was 5As and in the range expected for open 
circular DNA of 80 million daltons. 

The sedimentation velocity In sucrose of the circular DNA 
Isolated from the P strain was also measured. The circular DNA 
from the P~ strains did not contain any 848 material, but contained 
two components, one 58s and the other 43s. The S8s peak is the 
supercolled circular DNA that has a molecular weight of 40 million 
daltons.  The other component is the open circular or linear form 
of the same molecular weight. 

An examination of the supercolled circular DNA isolated from 
the V58P+ cells In the electron microscope showed large circular 
molecules and in addition, a few smaller circular molecules. A 
number of both kinds of molecules were photographed and measured. 
See Table 1.  The large molecules had a molecular weight of 80 
million daltons which agrr 3  well with the molecular weight 
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Oriyln of 
Circular DNA 

TABLE 1 

ELECTRON MICROSCOPY OF CIRCULAR DNA 

No. of Molecules 
Measured 

Average 
Length 

(y) 

Molecular 
Weight 

( x ID6 daltons) 

V. cholerae V58P+ a (large) 

b (small) 

11 

9 

41.09 ± 1.78 

19.20 ± 1.97 

78.5 ±  3.4 

36.7 ± 3.6 

V. cholerae V58P" 17 20.21 ± 1.83 38.6 ± 3.5 
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calculated from the sedimentation coefficient.  While no smaller 
molerules were detected by sucrose gradient centrlfugatlon, the 
presence of smaller molecules In P+ cells Is not unexpected 
since similar size molecules were observed in the P" strains 
and the ?+  and P~ strains are isogenic except for the presence 
of P. 

An attempt was made to determine the G + C composition of 
the P+ circular DNA.  The 3H labeled P+ circular DNA that was 
isolated by the dye-buoyant density method was combined with unlabeled 
V. cholerae DNA extracted from V58P+ and centrifuged to equilibrium 
in a CsCl der.aity gradient. The density gradient was fractionated 
and the unlabeled V. cholerae DNA was located by optical absorbance 
at '60 nm.  The -^H labeled P+ was detected by radioactive counts. 
The majority of the P+ circular DNA was less dense than the V. 
chi'lerae chromosomal DNA, it was difficult to calculate the G + C 
composition from such an experiment. 

In order to calculate the G + C composition of DNA using the 
Marmur relationship between density and G + C composition, the DNA 
has to be run in an analytical ultracentrifuge.  V58P+ DNA was 
frectionated in a preparative CsCl density gradient, and the lighter 
fractions were pooled and run in the analytical ultrarentrifuge. 
In addition to the V. cholerae chromosomal DNA, another lightei 
DNA component was observed. This result confirms the previous 
experiment which showed the labeled circular P+ DNA had a lighter 
density than V. cholerae DNA.  Tt was possible to calculate 
that tne G + C composition of the P+ DNA was 42% G + C, which is 
significantly less than the average 48% G + C composition of the V. 
cholerae chromosomal TNA. 

No separate component was observed when the V58P" DNA was 
fractionated and examined ir the same fashion in a CsCl density 
gradient in the analytical ultracentrifuge.  In addition, the 
labeled supercolled circular DNA Isolated from the V58P~ strain 
banded with the V. cholerae chromosomal DNA when the two were mixed 
and centrifuged together. Thus, the P~ supercolled circular DNA 
Isolated fron the various V. cholerae strains has the same average 
G + C composition as the V cholerae chromosomal DNA and differs 
from the G + C composition of the P+ DNA. 

Summary and Conclusions. 

1.  Escherlchla coll Hfr donors bearing various negative 
chromosomal markers located within 2 min of the rha locus were employed 
in matings with a Salmonella typhosa recipient.  S^. typhosa 
hybrids selected for receipt of the donor rha"*' marker examined for 
the expression of these negative markers as indicators of genetic 
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recombination.     The E.   coll markers metB" and argH",   situated 
within 1.2 mln of  the  selected rha+ marker, were  inherited by 
recombination along with  the selected raerker by 23  to  2631 of  the 
hybrids examined.     The  E.  coll metE" marker,   located  1.5 mln from 
rha+,  was  inherited by  recombination in 13Ü1 of  the  E,   coll thiA" 
determinant occurred  in only 531.     Linked recombinational inheritance 
was not detected  for E,   coll markers separated by 2.7 mln.    These 
findings  Indicate  that  the segment  length of E.   coll  DNA most 
frequently incorporated by recombination in S.   typhosa hybrids 
is between 1 and 2 min. 

2.    Hybrids between Escherichia coll K-12 and Salmonella 
typhosa which conserved a continuous K-12 chromosomal diploid 
segment extending from pro through  the strA locus were sensitive 
to plaque formation by wild-type A.    These partially diploid 
S.   typhosa hybrids could be lysogenlzed with X and subsequently 
induced  to produce  infectious phage particles.     When  the K-12 
genes were segregated from a lysogenic S.  typhosa hybrid, phage 
productive ability was no longer detectable due to loss of a genetic 
region necessary for vegetative replication of A.    However, A 
prophage was shown to persist in a quiescent state in the S. 
typhoca hybrid segregant with phage productive ability being 
reactivated after replacement of the essential K-12 A  replication 
region.    Low frequency transduction  (LFT) and high frequency 
transduction   (HFT)   lysates  containing the gal"1" geneo  of S.  typhosa 
were prepared by induction of A lysogenic ^.  typhosa hybrids 
Indicating that the attA site Is chromosomally located in S.  typhoea 
in close proximity  to  the  gal locus as in E^   coll K-12.    After 
propagation in S.   typhosa hybrids,  A was subject to restriction 
by E.   coll K-12 recipients thus establishing that A  DNA is modified 
by S.   typhosa.    Hybrids of S.  typhosa, however,  did not restrict A 
grown previously on E^.   coll K-12.     The K-12 genetic  region required 
for A  phtge production in J3.   typhosa was located within mln 66  to 
mln 72 oi the genetic map of the E^  coll chromosome.     Transfer of an 
F-merog'mote encompassing the 66 to 72 mln E.  coll chromosomal region 
to A Iniensitlve jS.   typhosa hybrids enabled them to replicate wild- 
type A.    The A insensitive S^.  typhosa hybrid, WR4255, which blocks 
A replication,  can be mutageMzed to yield mutant strains sensitive 
to Avir and AlmmASA.    These WR4255 mutants remained insensitive to 
plaque formation by wild-type A. 

3.    We have shown  that  there are supercoiled circular DNA 
molecules present in the V_.  cholerae strains with the P"*" fertility 
factor.    These P+ circular DNA molecules have a molecular weight 
of 80 million daltons and an average G + C composition of 42% which 
is substantially different from the average G + C composition of  the 
V.  cholerae chromosomal DNA which is 48%.    In addition, we found 
tn.it all of the V.   cholerae strains  tested had some smaller supercoi ed 
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circular DNA molecules present.  These DNA molecules had a molecular 
weight of about 40 million daltons and had an average G + C composition 
the same as the V. cholerae chromosomal DNA.  The function of these 
smaller molecules are not known, but they might be due to some kind 
of lysogenlc phage present in the cell.  While no recipient was 
found for the P+ fertility factor that lacked some kind of a 
supercoiled circular component, there was no difficulty in 
distinguishing the P+ DNA in the P" cells because of the dlfftrence 
in molecular weight and G + C composition. 
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23. (U) This work unit is mainly concerned with studies on the nechanlsns of diarrheal 
diseases of infectious origin with the greatest emphasis on ultrastructure.    These 
studies are considered essential parameters for a conprehensive and scientifically 
based treatment of military personnel with diarrheal diseases and enteric Infections. 

24. (U) Utilizing various morphologic techniques including light and electron 
microscopy, hlstochemlstry and cytochemistry, autoradlography,  innnunotracer method, 
histologlc and ultrastructural alterations of the gastrointestinal tract in diarrheal 
diseases and those of other organs are being studied in experimental animals and human 
subjects. 

25. (U) 71 07-7206 A review paper. Penetration of the Intestinal epithelium by 
various microbes, has been published.    The study of the epithelial penetration has 
been extended into an adenovirus and Ent. hlstolytlca.    Studies on the effects of 
cholera and shigella enterotoxln upon the gut mucosa are nearly complete.    Cholera in- 
fections in man are currently being studied which provides ultrastructural evidences of 
hypersecretlon by epithelial cells and alterations of capillary endothellal cells.    The 
Interaction between epithelial cells and anaerobic spirochetes by scanning and trans- 
mission election microscopy are covered by two papers currently In press.    A paper. 
Duodenal ulceratlon in fasting guinea pigs, has been submitted for publication.   Col- 
laborative studies with other Divisions on diseases of the kidney, heart, have been 
coaplettid and are in preparation for publication. 
For technical reports see Halter Reed Any Institute of Research Annual Report, 

Jul 71 -  30 June 72. n^a,. -«^- m anna —».i 8 D,L::
,
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Associates:    Maj. Jack Zeller; Maj. Joseph Ballo; Maj. Raymond 

Nagle; Maj. John Mooney; Helen R. Jervis, Dr.  Nat. So. 

Problem 

To clarify the mechanisms of diarrheal diseases with emphasis 
on those of infectious origin which have military importance. 

Background 

TMs department has, since its inception, been concerned with 
studies of diarrheal diseases.    Those mediated by bacterial enterotoxins 
and those caused by invasion of enteric pathogens have been continu- 
ously studied.    During FY 1972,  under the new Division Director and 
Department Chief, the department has strengthened its collaborative 
and supportive activities with various in-house research projects in 
WRAIR, WRGH and AFIP. 

Approach to the Problem 

Utilizing various morphologic techniques Including light and 
electron microscopy, histo- and cytochemistry, autoradiography, 
fluorescent intibody technique and immune-tracer method,  this 
department studies histo- and ultrastructural manifestations of the 
bowel in diarrheal diseases and those of other organs in experimental 
animals and human subjects. 

Results and Discussion 

1.    Studies on diarrheal diseases. 

In most enteric infections,  penetration of the gut epithelial 
barrier is the first step in establishing lesions.    Yet,  the study 
of this first step had long been neglected.    This department has 
continuously studied the mechanism of this first step by various 
organisms including the shigella, salmonella,  coccidia, intestinal 
spirochetes and Glardia,  the summary of which has been published in 
two review papers  (Takeuchi 1971)   (Takeuchi 1972).    The study of this 
first step has extended into other types of organisms which now include 
adenovirus  (Takeuchi and Hashimoto 1972) and Entamoeba histolytica 
(Takeuchi and Phillips  1972). 
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Injection of the cholera enterotoxin into the small bowel wall 
in rabbits is not associated with fluid accumulation in contrast to 
that usually seen with intraluminal installation which further provides 
evidence that cholera toxin effects primarily the small gut epithelium 
then stimulates fluid exsorption into the gut lumen.    Hie results are 
currently in preparation for publication (Sheahan and Sprinz  1971). 

Collaborative studies on cholera vibrio Infections in man have 
been currently under investigation with SEATO Laboratory, National 
Institute of Allergy and Infectious Diseases and Peter Bent Brigham 
Hospital have been progressing well.    Our electron microscope studies 
showed ultrastructural evidences of hypersecretion by the intestinal 
epithelial cells and of alterations of capillary endothelial cells in 
the lamina propria. 

Studies of tho pathogenesis of amoebic lesions in the gat have 
been reinvestigated by experimentally producing lesions in the cecum 
of guinea pigs with trophozoites of Ent. histolytica in collaboration 
with the National Institutes of Health.    In this model, we have 
demonstrated for the first time that at the ultrastructural  levels, 
Ent. histolytica penetrates the intact epithelial barrier from the 
lumen without eliciting "lytic changes" at the site of penetration 
(Taxeuchi and Phillips  1972).    The work further clarifies that "lysis 
of tissue" and ulcer formation,  the hallmark of clinical amoebic 
dysentery,  are the result of secondary effects from disruption of 
neutrophils, accelerated epithelial cell turnover and altered micro- 
circulation in the lamina propria after penetration. 

Spiral-shaped organisms occupy a significant proportion of the 
normal enteric flora of mammals including man.    Little is known about 
these organisms because these fastidious anerobes have thus  far been 
impossible to culture and isolate (Takeuchi 1972).    We extended studies 
on these organisms in our monkey model  (Takeuchi and Zeller 1972) 
(Zeller and Takeuchi 1972).    Using transmission and scanning electron 
microscopes, we were able to identify the morphologic character of 
these organisms in their natural environment which provides the base- 
line for further clarification of the role of these organisms  in man. 

Studies on acute duodenal ulcerations in fasting guinea pigs 
have been completed and presented at the FASEB meeting (Jervis et al 
1972).    A paper entitled "Acute duodenal ulcerations due to fasting in 
the guinea, delineation of the experimental model" has been submitted 
for publication in Archives of Pathology. 

2.    Collaborative studies with other division* within WRAIR 
and WRGH. 

(a) Experimental Pathology in nephrology.    Collaborative 
studies on experimentally produced nephropathy has been expanded with 
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the Division of Medicine (Nagle et al 1972).    An acute obstructive 
nephropathy experimentally produced in rabbits were studied by a 
multidi;ciplinary approach.    Glomerular filtration rate, osmolar 
clearance',  free-water reabsorption and glucose reabsorptlon we^e 
determined for the obstructed and contralateral kidney.    All of these 
determinations demonstrated significant decreased in the obstructed 
kidney and were well-correlated with ultrastructural and histochemical 
studies.    A part of this joint investigation was presented in the 
annual meeting of the American Association of Pathologists and Bac- 
teriologists (Nagle et al 1972 [a]).    A complete paper on this project 
has been submitted for publication in Laboratory Investigation. 

(D)  In conjunction with Renal Transplant Service, WRGH, 
histopathological and histochemical studies on nephrectomized kidneys 
and renal biopsies are currently under investigation. 

(c) In collaboration with the Division of Medicine, the 
effect of reestablishment of blood flow to areas of acutely ischemic 
myocardium was investigated in dogs, by physiologic and morphologic 
parameters.    Biopsies obtained following two hours of ischemia were 
noncontractile and elicited injury potentials to an epicardial recording 
electrode.    Ultrastructure examination of such biopsies demonstrated 
distinct mitochondrial changes, deranged nuclear chromatin, disrupted 
sarcoplasmic reticulum and disorganized myofibrillar structure.    Upon 
reestablishment of blood flow,  all of these changes except the damage 
to the filaments were substantially repaired at the end of 24 hours 
after reflow was initiated.    This information provided an important 
baseline for recent clinical efforts in surgically reestablishing 
coronary blood flow to the acutely ischemic heart.    A portion of this 
study has been presented and this successfully joint study will be 
completed soon (Ballo and Snow 1972). 

(d) In collaboration with the Division of Communicable 
Diseases and Immunology, a series of experiments are in progress 
which consist of in vitro studies on the phagocytic role of mouse 
macrophages utilizing synthetic liposomes, with known quantities of 
antigen as phagocytic material.    The objective is to better understand 
the precise role of complement and antibody in phagocytosis. 

(e) This is a light and electron microscope study of the 
composition of microaggregates that form in blood under normal 
clinical storage conditions.    Before storage there are  no   aggregates. 
In the first few days of storage microaggregates are of variable 
size and composition form.    Most of the smaller aggregates resemble 
reversible aggregates, as induced by adenosine diphosphate.    Larger 
aggregates resemble irreversible aggregates, as induced by low con- 
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centrations of throrabin and collagen.    The nuclei of degenerate 
neutrophils which appear on the third to fourth day of storage evert 
from the cell interior,  adhere to platelets and augment  the size of 
platelet aggregates.    Fibrin and red blood cells do not participate 
in the formation of aggregates,  although earlier studies by other 
authors,  using the light microscope,  indicated otherwise.    All  types 
of aggregates persist throughrat the course of storage. 

This study has determined the composition of the variety of types 
of microaggregates that form in stored blood.    Many of these micro- 
aggregates are irreversible and thus should be called microthrombi. 
The appearance,  in vivo,  of these microthrombi  in human beings will 
be the objective of another study. 

With the use of Coulter Counter Model T, Major Soils,  Division 
of Surgery, WRAIR, has investigated th ■ size and number of these 
microaggregates in stored blood and his results complement our 
findings. 

Conclusions and Recommendations 

While enteric infections share a common basic pattern of mor- 
phologic responses in the host, the nature of microbes and the types 
of host-microbe interactions in the enteric epithelial barrier result 
in significant differences in the subsequent pathologic mechanisms. 
Electron microscopic observations have greatly contributed to the 
clarification of these mechanisms.    However, further studies are 
required to define the extent and nature of this mechanism. 
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Importance 

Invest, gators. 
Principal:    COL Marcel E. Conrad, MC 
Associate:    MAJ Phillip P. Toskes, MC; Harold L. Williams 

Description. 

Standard methods for the measurement of serum iron concentration and 
the serum transferrin concentration war« investigated in collabora- 
tion with the International Committee for Standardization in Hematol- 
ogy and World Health Organization.    Studies of the problems involved 
in the measurement of iron-binding capacity in serum were continued. 
Intestinal factors affecting the absorption of iron and vitamin Bj^ 
were investigated. 

Results. 

During the last five years, this laboratory has made ard distributed 
serum specimens to nine international laboratories participating In a 
collaborative endeavor to establish standeeds and standard referee 
methods for the measurement of iron and iron-binding protein in serum 
specimens. A simple method that permits the reproducible measurement 
of iron in serum specimens in the various collaborating laboratories 
was developed and reported. 

In our laboratory the standard magnesium cirbonate method for meas- 
urement of the total iron-binding capacity and unsaturated iron-bind- 
ing capacity vas studied to disclose causes of error and to Improve 
techniques. Failure to regulate the pH of reaction mixtures at all 
stages of the procedure and inadequate amounts of protein in the 
specimen each caused a significant error in measurements of both the 
total and unsaturated iron-binding capacity. An exchange of unbound 
radiolron in the iron-saturating solution with transferrln-bound iron 
caused an Increase in unsaturated iron-binding capacity. The use of 
undiluted serum specimens, regulation of the pH of iron-saturating 
solutions, and the addition of sodium barbital buffer to seruie before 
the addition of iron-saturating solution seemed to improve these 
measurements. More recently we fr md that the iron-binding capacity 

HG'J 



ia significantly increased in aged and lyophilized seru» specimens 
and that thia error is accentuated if the lyophilized speciaen is 
stored at rooa temperature, the serum iron concentration of the 
specimen la elevated and is more abnormal with certain batches of 
magnesium carbonate than others.    These latter variables will be pro- 
posed for group study within the next f«.v months based upon our ob- 
servations.    It ia believed that the factors mentioned make other 
serum proteins—a&d most particularly albumin—a protein that binds 
iron.    This possibility is currently being investigated. 

Iron deficiency ia a worldwide problem and may mask the coexistence 
of folate and vitamin Bj^ deficiency.    In many publications iron de- 
ficiency has been associated with a deficiency of serum folate.   Thus 
experimental studies in animals were initiated in which some animals 
were fed an iron-deficient diet and others received an irun-replete 
diet.    Soth diets contained adequate amounts of folate and vitamin 
B12.    Following 12 weeks of experiment, the animals maintained on an 
iron-deficient diet were not only iron-deficient but also had a sig- 
nificantly low serum folate level.    Although lactase values in the 
gut ri affected rats were diminished, maltase, sucrase, B12 absorp- 
tion, fecal fat excretion, C11* transport, and the absorption of C*1* 
glucose were normal.    The histology of the gut and quantification of 
both aerobic and anaerobic intestinal bacteria were normal.   Thus fo- 
late metabolism can be linked to iron absorption and this abnormality 
requires additional invratigation. 

Vitamin 6^2 Mlabsorption was found in patients who bad intrinsic 
factor and evidence of parcreatic insufficiency.    These patients had 
diminished serum levels of vitamin 3^2 vod a megaloblastic anemia. 
Gastric secretions contained both free acid and intrinsic factor. 
There was poor absorption of vitamin B12 ^en administered alone or 
with intrinsic factor.    The addition of either pancreatic extract or 
trypsin to an oral dose of vitamin B^ and intrinsic factor normal- 
ised absorption.    This was not observed when pancreatic extract was 
added to vitamin Bj.2 in the absence of intrinsic factor.    An animal 
model of this condition was made by partially pancreatectoaizing 
rats.    Studies in these animals showed that the pancreatic factor was 
soluble, haat labile, acid stable, and non-dialyzable.    It passed 
through an Amicon PM 30 membrane and had a molecular weight greater 
than 5000 on Sephadex columns.   Enzymatic studies showed it had the 
characteristics of trypsin.    Studies wer« performed in rats to deter- 
mine if tb« pancreatic factor was necessary to allow gastric intrin- 
sic factor or the B12 ilMl receptor site to function optimally. 
Gastric intrinsic factor obtained from pancreatectomized rats with 
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6^2 ■alobaorptlon was shown to stimulate B^g uptake in control rat 
ilaal sacs.    Further, when ileal sacs war« prepared in pancreatecto- 
■ized rats and control rats and exposed to gastric intrinsic factor 
froa control rats, B^j absorption was similar in both grc*   i of ani- 
mals.    Thus the mechanism of action of the pancreatic fac    .  appears 
not to be mediated by an effect upon gastric intrinsic factor or the 
ileal epithelial cell receptor, but by an effect upon an as yet poor- 
ly described Intraluainal phase of vitamin B12 absorption. 

Although potassiua deficiency has been associated with decreased in- 
testinal motility, little is known about the effects of the deple- 
tion of this cation on intestinal function and integrity.    Thus rats 
were fed a low potassium diet for one month.    These animals rxüibited 
decreased growth rate and had proteinuria.    The serum poussium con- 
cent. 1 it ion and muscle potassium concentration were decreased with an 
increase in the sodium concentration in both organs.    Grossly, the 
proximal and dista>  small intestine appeared dilated in potassium- 
deficient animals.    In vivo measurements of transmural potential 
difference in the jejunum ai<d lieu» vas less negative than in con- 
trol animals.    Iron absorption was increased in the potassium-defic- 
ient animals.    However, this was believed to be caused by the dimin- 
ished intestinal motility because measurements of iron absorption 
from isolated intestinal loops were similar in both normal and potas- 
8ium-d«fici9nt aniaals.    There was no difference in stool fat excre- 
tion or intestinal dls«ccharide levels between the two groups.    His- 
tologie sections demonstrated the characteristic changes of potassium 
deficiency in the kidneys and heart, but the intestine appeared normal 
by light microscopy. 

Conclusion and RecoaoMndations. 

An acceptable and reproducible method was developed and studied for 
the measurement of iron in serum specimens ttu&t has been reeomaended 
for use as a referee method by WHO and ICSH.    A similar method for 
measuring ires-binding protein is needed.    A marber of factors leading 
to technical error in the performance of measuresent of the iron- 
binding capacity of serum were identified.    Studies were made of the 
effect of notassiua depletion upon the gut, the relationship of folate 
and iron absorption, and of the pancreas and vitamin Bj^ absorption. 
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Task 00 Military Psychiatry 

Work Unit 030 Military Psychiatry 

Investigators. 
Principal: COL Harry C. Holloway, MC 
Associate: LTC James T. Grosshans, MC; MAJ Donald R. Bardill, MSC; 

MAJ Jonathan F. Borus, MC; MAJ Edgar P. Nace, MC; 
CPT Larry H. Ingraham, MSC; and David H. Marlowe, Ph.D. 

I. INTRODUCTION 

Within the Department of Psychiatry increasing emphasis has been 
placed upon studies of military nu—tnl health prlncipl is and the 
delivery of services with the major focus being on dm { abuse pro- 
blems.    Data was gained from field studies of the reen :ry and 
adjustment process of Vietnam veterans, racial percept .ons, the 
development of a drug treatment program, delivery of mental health 
services,  and drug-using active duty personnel. 

II. ADJUSTMENT PROCESS OF VIETNAM VETERANS AND RACIAL PERCEPTIONS 

MAJ Borus Is completing his work on the reentry and readjustment 
process of Vietnam veterans.    He has completed three papers based 
on interview studies of Vietnam returnees at Fort Meade, defining 
the common adjustment issues facing these veterans, differentiating 
successful from less successfully coping returnees, and proposing 
a military intervention program to facilitate healthy readjustment. 
As chairman of a Special Session of the American Psychiatric Asso- 
ciation, MAJ Borus presented these findings at the 1972 Annual 
Scientific Meeting In Dallas.    Statistical analysis of the pros- 
pective veteran adjustment study of 10U0 men at Fort Meade is now 
in progress. 

Work with the Racial Perceptions Inventory  (RPI) was also 
continued in conjunction with CPT Byron G. Flman of Computer 
Support to Military Psychiatry (COMPSY), CPT M. Duncan Stanton 
of Walter Reed General Hospital (WRGH), and SP5 Albert F. Dowd. 
An initial paper by these Investigators on the RPI was published 
in th° May 1972 American Journal of Psychiatry.    Major use of the 
RPI at Fort Bennlng, U.S. Army Hawaii (USARHAW), and Walter Reed 
Army Medical Center (WRAMC) has provided a data base of 1384 
respondents.    Three reliable factors have been delineated in the 
RPI items, and the data is currently being compllled in papers 
deallug with development of the Instrument and racial perceptions 
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of Vietnam.     A revised streamlined edition of the RPI  has been 
produced, and an administration manual has been composed to allow 
Independent utilization of  the RPI by Interested Army posts. 
Contracting for further development and study of the instrument 
Is  to be coordinated with  the Office of Deputy Chief of  Staff  for 
Personnel  (ODCSPER)  and the Office of the Chief of Research and 
Development   (OCRD).     Findings  from the RPI were presented by MAJ 
Borus at  the Army Medical  Department conference  In Denver,  Colo, 
and the Psychology In  the Air Force Symposium of  the Air Force 
Academy. 

III.     DELIVERY OF MENTAL  HEALTH SERVICES 

During the early part of the year,  field studies  relating to 
the delivery of mental health services continued to progress on a 
limited basis.    As a prelude to the originally projected larger 
study of the delivery of mental health services by an Army Mental 
Hygiene Consultation  Service   (MHCS), MAJ Bardill  initiated a pilot 
study of service delivery at  the MHCS at Fort Meade, Maryland.    In 
the beginning, plans were  to study aspects of clinic staff  func- 
tioning In service delivery, but a preliminary examination of staff 
activities revealed that  the social work/psychology specialists, 
because of overwhelming numerical strength, are the staff sub-group 
having the largest amount of patient contact.    Given the amount 
of staff time spent and the patient contact by the specialists, 
study attention was directed to methods of examining  Uie nature 
of specialists'  patient activities in terms of form of  interview, 
individual group,  etc.  and activities related to the  training and 
supervision of the specialist.    MAJ Bardil]  and SP5 Griffey used 
and compared two data gathering instruments.    Preliminary Impres- 
sions are that for accurate descriptive type data,  a daily-log 
technique seems feasible  for use In an Army MHCS,  and Indications 
are that data is more reliable and valid than data obtained from 
a questionnaire. 

1175 

^m^matd 



Project 3A062110A823 MILITARY PSYCHIATRY 

Task 00   Military Psychiatry 

Work Unit 030    Military Psychiatry 

Literature Cited. 

Publications; 

1.    Borus,  J.F.:    The community mental health center and the 
private medical practitioner:    A first step.    Psychiatry    34:274, 
1971. 

■».     Perus,  J.F.,  Stanton,  M.D.,  Flman,  B.G.,  and Dowd,  A.F.: 
Racial perceptions in the Army:    An approach.    Amer.  J.  Psychiat. 
128:1369, 1972. 

3. Kreuz, L.E., Rose,  R.M.,  and Jennings, J.R.:    Suppression of 
plasma testosterone levels and psychological stress.    Arch.  Gen. 
Psychiat.    26:479,  1972. 

4. Rose,  R.M.,  Kreuz,  L.E.,   Holiday,  J.W.,   Sulak,  K.J.,   and 
Johnson, O.E.:    Diurnal variation of testosterone and cortisol. 
J.   Endocr.    54,  1972. 

1176 



«SEARCH AMD TECHNOLOOY WORK UMT SUMMARY 

SIS^cT^ 

AMNCT mSSSBß 

BLflOiSfi 72 87 ft] 
OüPHtetARpst 

i OATI »mviuimv 

71 87 81 
. KINDOf MMMAMT 

Oi Change 
• »vmttmr lev MM MCUMT^ 

JL 
Ik BMr« MITM'N I. LIVIL OF HNI 

Jü_ »L üw 
NO./CODir* MK>On*M ILIMIHT l*W>J«CT NUKMIt TAM ANI* NUMtIM «UNIT NUMHH 

6211HA ■1/^6?l ipAB?3 Jfl- JUL 
k. COMTMIUTINO 

«, COMTMWTIN« CDflG mcfi 
,,«n,,«.-.„..._,»«awÄ«*• (u) Military Perfornnnce and Stress; Factors Leading to 

Decrements of Performance and Disease. [09J  * 
ir KiiMTirie MO rccNNo.   .IC*L AMMF 

816288 Stress Physiology   809480 Man-Machine Relat     913408 Psychology 
nHiWBui    *• fi mmtnrmmSm mt—in rannn ami—"——uitan 

61 87 

k NIMMH * 

* TVM: 

TUT 

2* 
CONT DA C.  In-House 

«     «OftMtOM* 

Bl RBBSBICI bo RIQIRISR I I 
■«■■•Walter Reed Amy Institute of Research 

Washington, D.C.    20012 

Mi^oMiift-i mmv wAt, 

-*"'        Buescher, COL E.L. 

I» f%mfcmlm\ 

72 

73 

150 

165 

202-576-3551 

Foreign Intelligence not Considered 

*-•'• Walter Reed Amy Institute of Research 
Division of Neuropsychiatry 

"•"-'' Washington. D.C.    20012 

rtUICtHH IMVtITltaTOA fr*mim UM* II U t. JMMMl iMtlMtaM 

•••••    Hegge, F.W., Ph.D. 
,....«-.   202-576-5257 
»OClAb IICURITT ACCOUNT «MM«'    

«MOCIATI lMVIITI«ATO«i 

«*«■■ 

nrmwanmamanm 
Robinson. CPT M.A. 
■lanniny;,   fPT .IP -DA. 

(U) Electrophysiology; (U) Biorhythms;  (U) Psychophysio- 
.Ingy; (U) flperant Cnnriitinning; (il) Stress; (II) Pfrfnrmanrp; ÜÜ Himwin Vnluntppr  

23. (U) Stressful environments, physiological conditions and performance dftnds likely 
to produce significant deterioration in the accomplishment of a soldier's mission are 
studied.   The behavioral and physiological functions that contribute to deteriorated 
performance are identified and therapeutic and prophylactic strategies are developed. 

24. (U) Using psychophysiological and operant methodology, time series analysis, and 
computer-based control and analysis techniques, behavioral and physiological events 
are Isolated, analyzed, and controlled.   Endogenous and exogenous factors contributing 
to behavioral and physiological  rhythmicity and performance levels are studied under 
specified normal and stressful conditions. 

25. (U) 71 07 - 72 86   Progress Includes the Isolation and characterization of physio- 
logical and behavioral power spectra under conditions of extended (48 hr) sleep depri- 
vation.   A study of perceived stress, methods of coping and performance in Officer 
Candidate School has been completed.   Follow-up study of performance In the field Is 
in progress.   Work on brief changes in stress-related autonomlc functions specifically 
related to different types of Information processing is continuing.    The relationship 
between information processing, brief autonomlc changes and obesity is being delineated 
Instrumentation for acquiring and processing autonomlc signals is under development 
with a special emphasis on subject safety.   For technical reports see Walter Reed 
Amy Institute of Research Annual Progress Report, 1 JÜL 71 - 30 JUN 72. 

fe ?J498 
1177 

MM 



Project 3A|56211(JA823   MILITARY PSYCHIATRY 

Task 99 Military Psychiatry 

Work Unit 031    Military performance and stress: Factors leading to 
decrements of performance and disease 

Investigators. 
Principal:    Frederick W. Hegge, Ph.D. 
Associate:   MAJ Malcolm G.  Robinson, MC; CPT John R. Jennings, MSC; 

CPT William C. Orr, MC; Guy C. Sheatz.. Ph.D.; Ann. B. 
Barnet, M.D.; Robert M. Chapman, Ph.D.; Harold Ljwson, 
B.A.; Stanley Hall, M.A. 

Descriction 

The elucidation of the biological substrates of stress and perfor- 
mance decrements is important to both military psychiatry and to the 
performance of normal military missions.   The basic research strategy 
of this work unit is psychophysiological in nature, i.e., concurrent 
measures of psychological  processes and physiological activity are 
made.    Within this approach, applicable techniques range from those of 
clinical medicine to thjse of mathematics and statistics.   Specific 
areas of research include:    1) vigilance performance decrement asso- 
ciated with behavioral and physiological spectra under conditions of 
extended sleep deprivation (48 hrs); 2) longitudinal studv of endo- 
crine reactions and stress in Officer Candidate School; 3) autonomic 
correlates of information processing; and 4) statistical problems asso- 
ciated with biological measures. 

Progress 

1.    Vigilance performance decrement associated with behavioral and 
phys|olbqical spectra under conditions of extended sleep 
deprivation. ~ '        — _-  .^ 

A study of visual signal detection and heart rate was conducted 
with the goal of extending previous work that utilized a maximum of 
twenty-four hours of sleep deprivation.   Due to the rigorous vigil- 
ance task no subject reached the planned limit of forty-eight hours 
without sleep, however, all went beyond thirty-six hours. 

When the data of the present study were subjected to a more rigor- 
ous and sophisticated spectral analysis than was previously available, 
our earlier report of increases in low frequency components of the 
spectra could not be confirmed.    The new analysis Involves preliminary 
treatment on the data in a manner that reduces the generation of arti- 
fact when the Fast-Fourier Transform (FFT) is computed.   While commonly 
employed in the construction of hardware spectrum analyzers, end-point 
tapering and the Manning filter have not been used in software spectral 
analyses.    Information concerning the activity of a particular frequency 
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in this case a 90-niinute ultradian rhythm, is extracted during the 
technique of complex demodulation.    This p'-orediire permits the con- 
tinuous extraction of both amplitude and phaie information that is 
unobtainable from the conventional spectral analyses. 

Preliminary results of the present study indicate that there is 
a strong tendency for maximal reported fatigue to be assoicated with 
a maximal amplitude of the 90-minute ultradian rhythm observed in both 
heart rate and vigilance performance.    Further, there is a direct 
relationship between the amplitude of the 90-minute rhythm and detec- 
tion error variability.    Errors in vigilance performance may come in 
90-minute cycles whose amplitude increases with increasing fatigue. 
In previous work (24 hours deprivation) we have found a circadian 
variation in the amplitude of the 90-minute rhythm.    Under conditions 
of longer deprivation, this variation in the 90-minute rhythm is 
disrupted.   Further, circadian trends normally observed in the raw 
data virtually disappear. 

2.    Lonciltudinal Study of Endocrine Reactions and Stress in 
Officer CancTidate ScHboTI 

The study of Officer Candidates at Fort Btnning provided t\'o 
advantages:   1) OCS was clearly a highly stressful, but control i id, 
situation which should produce biological stress reactions comparable 
to other stress situations; 2) the continuing nature of OCS made it 
Important to assess the predisposing factors to the extreme biological 
and psychological stress reactions experenced by many officer candi- 
dates.   The study was conducted in three phases:    1) acute stress 
phase during the third week of OCS, 2) baseline stress phase during 
the 23rd week - a period of minimal stress, and 3) folluw-up phase 
after the candidate had been at their PCS six months.   A battery of 
endocrine measures, interviews, and tests were administered during 
both phases 1 and 2.   The follow-up phase consisted of a telephone 
interview assessing the former candidate's duty performance.    The data 
collection for this study has been completed, however, the data analysis 
is only nearing completion. 

One striking result has already been assesseJ -- the levels of 
plasma testosterone (male sexual hormone) are dramatically reduced 
during the early, stressful period of OCS.   This is true of almost 
every man irrespective of performance In OCS.    Expected relations bet- 
ween endocrine measures, performance, and personality did not emerge 
over the company studied.   Men who were in active leadership roles did 
show a positive correlation between level of 17-hydrocorticosterone (a 
stress-related hormone) and level of comnand (squad leader vs. company 
commander).   Psychiatric interview assessments showed a moderate (+.4) 
correlation with final rank In the OCS class.   Turning to the follow-up 
phase, final OCS rank was not related to performance on active duty. 
In fact, none of the variables measured showed a strong relation to 
active duty performance.   Variables significantly correlating with 
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ratings of later performance were a set of scores assessing time of 
puberty, a small number of personality measures, and level of urine 
17-hydrocorti cos terone. 

A number of avenues are tieing explored prior to a final  interpre- 
tation of these data.    The variables and intercorrelations between 
variables seen markedly affected by platoon membership and by relative 
standing in OCS.    For example, the three platoons showed significantly 
different amount of plasma testosterone suppression.   With regard to 
relative rtandings, among men not doing well in OCS psychological, 
performance, and endocrine scores are intercorrelated.    This is not 
the case for men in the upper half of the OCS class.    It is hoped that 
some of these complex relationships will identify the sort of man who 
is particularly likely to overreact to the stress of OCS.    The current 
data seem to indicate that the stress of OCS may not be highly related 
to other types of stress such as  that found in initial duty assignments. 

3.    Autonomie correlates of information processing. 

The reactions of the autonomic nervous system have been related 
classically to stress.    Recent evidence (Lacev, 1967) has indicated, 
however, that relatively non-stressful informaMon processing may cause 
autonomic reactions.    These non-stress reactions may either eA^erbate 
or lessen classical autonomic stress reactions     Of equal  importdnce, 
certain autonomic reactions may facilitate information processing.    Thus, 
change in autonomic function due to stress, may serve to impair informa- 
tion processing by interfering with the autonomic aspects of this 
cognitive functioning. 

Preliminary data suggested that three types of function -- input, 
storage, and manipulation -- were associated with distinctive autonomic 
reactions.    Futhermore, these differences were influenced by constitu- 
tional factors -- specifically, overweight persons reacted differently 
than underweight persons (See Jennings & Orr, 1970, Schachter, 1970). 
A factorial experiment was designed to look jointly at the reactions 
due to the tasks and due to the constitutional factor of obesity.    In 
order to set the cardiac changes within a biological and psychological 
framework, measures were taken of muscle activity, ski:« conductance, 
respiration, life history, and personality.   This experiment has been 
completed, however, only the heart rate data have been analyzed.    These 
results showed significant differences between the tasks with those 
requiring a combination of memory and manipulation producing the larg- 
est cardiac speeding.    Difficulty level of the tasks influenced general 
level of heart rate but did not alter the relationship between tasks. 
Relatively speaking, memory requirement appeared to produce speeding 
in obese subjects, while manipulation requirements produced speeding 
in underweight subjects.   A complete interpretation must be contigent, 
however, upon a further analysis of the heart rate and the analysis 
of the remaining variables. 
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Upon the completion of this analysis, experiments are planned to 
Induce biologically inappropriate cardiac reactions via stress or 
operant techniques and then to observe the effect upon information 
processing efficiency. 

4. Statistical Problems Associated with Biological Measures. 

The measurement of biological data characeristically takes place 
over time within an individual.    This produces a series of dependent 
data points, which are not readily dealt with by classical statistical 
techniques.    In addition, certain traditional statistical problems, 
such as the nature of the distribution of a variable, arise contin- 
ually within an ongoing research project. 

Two problems dealing with cardiac function are currently under 
study.    First, external events will elicit a brief and complex varia- 
tion in heart rate.   Part of this variation is due, in all probability, 
to biological dependency and part due to the reaction to the external 
event.    Techniques such as factor analysis are being investigated it. 
hopes of separating such components of the cardiac evoked response. 
The second problem is the problem of the distribution of heart rate as 
a variable.    In particular, heart rate can be expressed as a rate per 
unit Hru;       as a tempor/i period between beats, i.e. a rate of 60 
beats per minute, is equivalent to a heart period of one second.    In 
a sample of five subjects, it is clear that the rtatisticaly distribu- 
tion of cardiac activity are different depending upon the unit of 
measurement chosen,    The quantification and analysis of bliese differ- 
ences is currently going on. 

5. Cortical Evoked Potentials During Sensory and Cognitive 
Performance. "    —.    --    - ■ 

Using averaging techniquei to isolate cortical  reactions following 
brief stimuli, the influence of different sensory and cognitive pro- 
cesses have been studied.    Two studies have concentrated on demonstra- 
ting that subjective shifts in perception will produce changes in 
cortical evoked potentials.    In one study subjects were presented with 
brief flashes of constant wavelength and Intensity.   Subject perceived 
these flashes as differing in hue in spite of their objective identity. 
Preliminary analyses indicate that shift in perceived hue was related 
to a shift in evoked potential. 

Previous research demonstrated th?k manipulations making numbers 
relevant and irrelevönt to a task called concomitant evoked potential 
shifts.    Current research is investigating the possibility of obtain- 
ing shifts in evoked potentials relating to shifts in the meaning of 
words and nonsense syllables.    Sematic differential and sematic condi- 
tioning techniques are being employed.    Additional exploratory work is 
underway on the ability of subjects to control the brain wave, alpha, 
under a variety of conditions. 
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6. Sensory Evoked EEG Responses, Sleep and Perceptual-Cognitive 
Development of ÜTTldren. 

The purpose of the research is to examine and evaluate electro- 
physiological measures which are related to the developing sensory, 
perceptual and cognitive processes of children.    The general method 
is that of recording of computer averaged EEG responses to visual  and 
auditory stimuli in normal children and in children with abnormalities 
of sensory and mental development.    EEG sleep patterns are also being 
studied.    The relationship between sensory evoked potentials, electro- 
encephalographic, behavioral and biochemical parameters of development 
are being examined.    The applications of evoked response recording to 
clinical diagnosis, i.e. in patients with sensory, mental and per- 
ceptual abnormalities, are being investigated and evaluated. 

Auditory and visual evoked responses have been collected from 
normal children at birth and up to three years of age.   Comparison 
groups of Down's syndrome infants have been studied.    The results 
demonstrate the habituation of the auditory evoked potential in 
normal  infants (6 to 12 nonts), but not in neonates or in infants 
with Down's syndrome.    The 5-HTP-treated Down's syndrome infants also 
showed abnormalities in their EEG sleep patterns and sensory-evoked 
potentials.    The abnormal EEG bursts of the 5 HTP treated children 
were not found in untreated Down's syndrome children.    The detailed 
analyses of the sensory evoked potentials of normal children has shown 
regular increases and decreases in certain components with age.    The 
regularity of these changes has allowed application of evoked poten- 
tial techniques to the assessment of hearing loss in infants. 
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American EEG meetings, September 1971. 

3. Chapman, Robert M. Evoked potenMals of the brain related to 
thinking.    Paper presented at conference "Psychophysiology of think- 
ing" Hollins College, Roanoke, Virginia, October 1971. 

4. Chapman, R.M.- Cavonius, C.R., and Ernest, J.T.    Alpha and 
kappa electroencephalogram activity in eyeless subject.   Science, 
121:1159-1161, 1971. 

5. Chapman, R.M., and Chapman, J.A.    The General Automation 18/30 
as a system for the general analysis and acquisition of data in phy- 
siological psychology. Behavior Research Methods and Instrumentation, 
4:77-81,1972. - .^ ~ -^ =  

6. Jennings, J.R.    Cardiac reactions and different developmental 
levels of cognitive functioning.    Psychophysiology 8:433-450, 1971. 

7. Jennings, J.R.    Problems in characterization and analysis of 
psychophysiological responses.   Paper presented at the Seventeenth 
Conference on the Design of Experiments in Army Research, Development, 
and Testing.    Washington, D.C., 1971. 
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23.   (U) To develop and assess screening techniques for military settings; to determine 
the extent, prevalence, and Incidence of drug abuse by soldiers, to devise methodologies 
for the Identification, treatment and prevention of drug abuse by soldiers, and to as- 
sess the effects of drug usage upon military performance. 
2k.  (U) All systems purported to be useful for screening are evaluated in the laboratory 
and, if indicated, tested in the field; developmental changes In these systems are made. 
Studies assessing drug usage are conducted in military populations; intervention pro- 
grams are evaluated, using epidemiological,  social, and psychological methods;  effects 
of drugs upon performance investigated, and the laboratory assessment of the toxicolog- 
ical, biochemical and psychological basis of Illicit drug use are examined. 
25.  (U) 71 07 - 72 06   The following activities have been pursued: l) Phase I of the 
Drug Abuse counteroffensive was planned, orgiinized,  and executed in RVN; 2) The inter- 
comparison of screening and confirmatory urine tests has been systematically evaluated. 
Drugs that cause false positive reactions in the testing system ore being identified. 
Collaborative efforts with the NIMH Drug Addiction Center have been established and a 
sensitivity and reliability study completed.    Technical evaluations on fluorescence 
assay, new FRAT test reagents, and *he radioinmunoassay for opiates are in progress. 
A survey of drug problems was carried out in PACOH and sn appropriate staff document 
completed, as well as operatlonol, preliminary profile of the Vietnam drug abuser.    An 
investigation was completed to evaluate the motivational effects of Vietnam DEROS 
creening and detoxification upon heroin users.    Material concerning drug users'  desire 

for treatment and rehabilitation upon return to COBUS has been disseminated to oonpsand. 
For technical reports see Walter Reed Army Institute of Research Annual Progress Report, 
1 July 71 - 30 June V2. 
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Project 3A062110A823 MILITARY PSYCHIATRY 

Task oo Military Psychiatry 

Work Unit 032 Drug abuse in military personnel 

Investigators. 
Prine! pal: COL H. C. Holloway, MC; COL C. R. Angel, MSC 
Associate: MAJ D. R. Bardill, MSC; LTC J. T. Grosshans , MC; 

MAJ E. P. Nace, MC; D. H. Marlowe, Ph.D.; 

DESCRIPTION 

CPT R. Howe, MSC; MAJ H. W •. Siegel, MC ;. 
MAJ M.. G. Robinson, MC; CPT R. J. Chloupek , MC; 
LTC M. W. Hanneg.an . MC; J. W. Mason, M.D.· 
MAJ S. E. Monroe, MC; MAJ T. A. Kotchen, MC; 
LTC D. J. Beach, MSC; MAJ C. H. Tri;>p, MSC; 
E. S . Copeland, Ph.D.; n. M. .t.ng, M.S.; 
B. G. Bas , M.S.; R. T. Lofberg, Ph.D.; 
F. W. Hegge, Ph.D.; LTC J. M. Earll, MC 

This work unit was in"tiated in the last year in response to 
operational and research requix..ments imposed u~n AMEDS as a re
sult of an increase in illicit drug use by soldiers. Dl;ring the 
f i rst quarter of the Fiscal Year 1972, the majol' emphasis of work 
performed under this work unit ~tas to provide MXimal operational 
s uppOrt to presidentially initiated drug abuse count eroffensives. 
As the op_rational r.quirements were rapidly assumed by the 
Standard aili tary health care and CC Vtd ayste11 of tbe U. S • 
Ar"8y, the work c ied out \IJlder thb unit shifted its emphasis 
to research and developaent tasks sociated with the perfection 
of bioch.-ical, epidemiological, and behavioral 118tbodology re ... 
quired to adequately describe the dyna.ics and causes of the 
spread of dru& abuse in a ailltary popuation. The fundamental 
goals of this work were to document the nature of the problem, 
to dev. lop and iaprove 11ethocla for · intainina surveillance on 
drug abuse , and to generate ~ppropriate behavioral, physiologic, 
and epldellioloaic information ~o that current programs of primary 
and secondary prewntion My be illpi'OVed ar replac.ed by more 
effective .. thoda. 

PROGRESS 

1. BIOCHEMICAL METHODOLOGY FOR DETECTION OF DROGS OF ABUSE. 

Extensive work has been done concerning the evaluation of bio
chemical and biophysical .. thods for deteetina dru&• in body 
fluids and urine. 'The ulti.ate &oal of this work is the devel-
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opment of an optimum system of chemical procedures that nil]  com- 
bine maximal sensitivity for detection with  complete specificity 
for verfication of the compounds of interest. 

a.    Planning, development, and execution of large mass screen- 
ing in RWI    The USAMRDC and the WRAIR assumed the responsibility 
for planning, developing and placing centralized laboratories in 
the Republic of Vietnam (RVN) in order to accomplish Phase I of 
the presidentially directed drug abuse counteroffensive,    At the 
time, state of the art evaluations indicated that thin layer 
chromatjgraphy  (TLC) was available for screening and gas liquid 
chromatography  (GLC) could be used for confirmation.    A third 
technology, the free radical assay techniqu':  (FRAT), although 
developmental, was placed in RVN as a screening method for opiates. 
A plan was developed to place two laboratories capable of ana- 
lyzing up to 3000 urine samples per twenty-four-hour day for 
opiates, amphetamines, barbiturates and other miscellaneous drugs. 
Both laboratories were operational by 7 July 1971. 

Several points are to be emphasized: 

(1) The effort represented the first system to mass 
screen urine for drugs. 

(2) A reliable, practical method of urine collection had 
to be established.    A chemical finding was valueless unless it 
could be reliably referred to a named individual. 

(3) The only way any laboratory screening for drugs can 
effectively operate is by continuous technical surveillance over 
methodology. 

'4)    Internal quality control and intra-laboratory compari- 
sons n-.ust be made on a regular basis. 

(5) All systems currently in use are imperfect systems 
and require considerable research and development effort. 

(6) Drug screening laboratories of the type established 
are costly and present many logistical problems.    Out of this 
effort came a testing system, FRAT (opiates) and TLC (barbiturates, 
amphetamines, etc.) for screening and GLC for confirmation.    This 
produced a level of standardization of methodology heretofore not 
achieved. 

(7) The major impact of the system that evolved from 
this effort was to provide a means to identify drugs in a urine 
sample from known individuals.    Biochemical methodology cannot 
diagnose "drug abuse."    It can provide critical information to a 
military physician who, on the basis of a thorough evaluation of 
a man, may conclude that the soldier in question is inappropriately 
using drugs. 
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b. Development of quality control procedures. Quality con
trol is a must In the urinalysis laboratory if performance is to 
be of the highest order. The following facts have been established 
relative to quality control: 

(1) Physiological urine is the best substance for quality 
control testing. 

( 2) Sinele drugs per sample are most appropriate for 
quality control ~~les which will be used to evaluate and detect 
technologic and systems failure. 

( 3) A variety of drug concentrations above and below the 
established level of sensitivity is desirable. 

( 4) The quality contl"'l specimens should be aubmi tted to 
t he laboratory for analysis on a double-blind basis. 

( 5) A qua i ty control specimen entered in the system on 
the bash of one control specimen per twenty-five urines is ade
quate. 

( 6 ) A separate , independent qual! 7 control laboratory 
must be established in order to maximize credibility . 

c. Evaluation of technolosies that have evolved over the 
reporting period. Du.l'liig ne put year, the following technologies 
for urine assay have evolved: ~ 

( 1) Radioi..unoaaaay (RIA) • This technolo@Y ia based on 
the same principle as the FRAT teat, but e-ploya a radioactive label 
indicates an increue in a nsitivity to the nmtoll'aa level (50-75 
nanograms) of .arpbine. BeiD& an tntisen-antibody ccaplex, it ia 
anticipated that specificity and cross reactivity with chemical 
structures similar to aorphine would be of the .... order of --a-
ni tude as the FRAT. Since the RIA requires a scintillation counter, 
the cost per test wi ll be hip. The radioi -..nouoay will be 
evaluated in a t ime moti study to better uae1s its potential 
as a tool in operatiooal drua screen · 1 ?I'OF-· 

(2) Fluorescence. The auta.ated fluorescence assay sya-
m as sold by TechDlcon Instru.enta bU been evaluat 4. The ays

t e i s valid to a left! .o 0. 2 lld.Cl"'ONM/ 111 of IIOI'ph n and seems 
to be free of th pi"'ble of false positives. The system can, in 
experienced hands, per fonD 60 assays pel' hour, a speed too slow 
for mass sereenina oper.tions. In addition, the system is costly. 

(3) HFl!U).utination IDhibition. The hemoaglutina'tion 
inhibition tea:Por .orph& Is slt~~ple an.d requires little or no 
expensiv eguip .. nt. The teat bu the s._. order of sensitivity 
as the radioi..unoasaay teat IIDd probably ~ the ... cross 
reactivity as X'adior-moassay ad FRAT. This procedure will be 
initially field tested in July 1972. 
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(4) New Free Radical Assay Technique Reagents for Other 
Drugs.    Several antibody preparations for amphetamines, barbiturates, 
methadone and cocaine have been evaluated in  collaboration with the 
SYVA Corporatijn which makes and sells the opiate reagent.    Sensi- 
tivity levels of these preparations have been of the same magni- 
tude as the opiate reagent (0.5 micrograms per ml.).    There oppears 
to b ; a cross reactivity with a large number of common pharma- 
ceutical preparations so that specificity of methods using these 
reagjnts may le  low.     At present,  these reagents have not been 
released for marketing.    The new FRAT reagents will be further 
evaluated in thr  July time motion and sensitivity study. 

(5) Electron Spin Resonance Technique  Employing the Use 
of Gels.     In current drug mass screening efforts ,  the cost per 
opiate assay is 0.50 dollars.    The antigen antibody complex for 
opiates is subject  to interaction with numbers  of structurally 
similar molecules.     This produces  large numbers  of false positives; 
specificity is  insured by use of GLC.     In an effort to increase 
specificity of the  antigen-antibody step and reduce cost per test, 
the use of stereoselective gel is being investigated.    Employing 
the technology as  outlined by Beckett and Anderson  (1960), a 
stereoseleccive  eel has been successfully prepared.    This gel has 
approximately lO-*-4 selective binding sites for morphine per milli- 
gram.     Titration  of the gel with spin labeled morphine indicates 
that at 0.08 micrograms of spin labeled morphine per mg gel all 
binding sites are  filled.    Using this preparation, morphine can be 
measured ever the range from 0.2 microgram to  50.0 micrograms. 
Specificity studies are in progress.    The ease of preparation and 
lower cost make  the  gel system a potential replacement for the 
antigen-antibody  system.    The only limitirg factor for extension 
of similar gel systems   to other drugs appears   to be  successful 
spin labeling of the  compound of interest. 

(6) Overview of Evaluation of New Technologies.    Each 
of the above technologies is J eing evaluated m terms of its 
applicativ-'i for mass  screening.     It must be pointed out that un- 
less a  technology  significantly enhances sensitivity or specificity, 
reduces logistical burden, and decreases cost significantly, it 
has little chance  of replacing the  current testing procedure. 

d.     Studies of methodology sensitivity.     The urinalysis test 
system currently in use Army-wide consists of FRAT for opiates 
and TLC for ell other drugs as screening tests  followed by con- 
firmation for all  positives by GLC.    Continuous  evaluation of all 
technologies has   been carried out  to determine   levels  of sensi- 
tivity. 
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The TRAT system has  a cut-off sensitivity of OA micrcgram opiate 
per ml.    This has been finr.ly established by the development of a 
logit transformation of raw FRAT data concomitant with regression 
analysis.    The procedures have been written in fortran for computer 
usage and adapted in tho programmable calculator.     In addition, the 
above procedures allow for the determination of instrument error as 
well as reagent failure. 

The determination of pseudomorphine by fluorescence has an absolute 
sensitivity level of 0.1 microgram of morphine.    Application of 
the statistical procedures outlined above indicates that tho 
fluorescent assay is  linear over the range tested. 

An extensive study of the nonionic XAD2 resin with re^pert to its 
absorption and elution characteristics has been completed.    Spe- 
cific conditions have been defined for optimum abscrplion and 
elution.    The use of this resin is being extended to other drugs. 
Changes have been made  in amphetamine and barbiturate extraction 
procedures to improve methodology. 

2.     EVALUATION OF PACOM DRUG ABUSE TREATMENT AND REHABILITATION 
PROGRAMS. 

At the request of CINCPAC and COMUS MACV, a survey of drug abuse 
treatment and rehabilitation programs was carried out at selected 
sites throughout PACOM with an emphasis upon Army,  Navy, and Air 
Force programs in Vietnam.    Critical to accomplishing this survey 
were the formulation of its goals by the MACV Surgeon, EG Robert 
Bernstein, and the personal support which he gave this work in 
Vietnam. 

This comprehensive survey initiated in April 1971 of U. S. Armed 
Forces drug treatment programs in Vietnam, Thailand, Okinawa, 
and Korea was formulated into a preliminary repoi t of findings 
submitted to CINCPAC on 1 September 1971 titled "Evaluation of 
PACOM Drug Abuse Treatment and Rehabilitation Programs."   This 
report concentrated on documenting the nature of the drug abuse 
problem in all three military services in PACOM, evaluating the 
adequacy of the response by lint and medical programs., and the 
development of a plan for an adequate treatment program.    This 
work was carried out by COL Harry C. Holloway, MC,  Director, 
Division of Neurop.iychiatry, Walter Reed Army Institute of Research, 
LTC James M. Timmens, MSC, USA (USARV), CDR G.  P.  Fitzgibbons, USN, 
Drug Abuse Control Officer Staff CINCPAC, and SP^ J.   Keith Ostien, 
CINCPAC.    Valuable consultation was provided by COL Stewart L. 
Baker, Jr., MC, Consultant in Psychiavry and Neurology, OTSG, USA. 
Some of the findings reported by this jroup were that: 
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a. Drug Abuse in the U. S. military forces represented a 
significant threat to combat readiness. 

b. Drug abuse problems in PACOM consisted of two distinct 
categories: 

(1) Endemic drug abuse of several categories of drugs 
including alcohol, sedative, stimulants, various  forms of cannabis 
products, and opiates which varied in prevalence and incidence on 
d local basis, but,  in general, reflected the patterns of drug mis- 
use seen in demographically similar civilian populations. 

(2) The epidemic of heroin use and addiction in a segment 
of the U.  S.  forces in the Republic of Vietnam. 

c. Meaningful, preventive, treatment, and rehabilitation 
programs required chemical surveillance of the at-risk military 
population to ensure the earliest possible identification of drug 
abuse.    Sensitive and reliable chemical surveillance of drug pro- 
gram participants and staff appeared to be mandatory to assure a 
drug free treatment environment. 

d. Treatment and rehabilitation required that there be adequate 
staffing by professionally trained personnel and that civilian ex- 
pertise should be called upon to assure that desired skill levels 
are achieved in the professional military staffs. 

The staff report suggested the basic outline of ar. integrated 
program of primary prevention and treatment. 

3.    PLAN FOR EVALUATION OF DRUG TREATMENT PROGRAMS. 

In Augur-t 1972, at the request of the Office of The Surgeon General, 
three teams, each consisting of two professionals representing both 
medical and behavioral scientific disciplines, were assembled to 
collect data to form a basis for developing an appropriate methodol- 
ogy for monitoring and evaluating drug proframs.     In addition to 
WRAIR staff from the Divisions of Neuropsyc liatry and P'^eventive 
Medicine, Major Eric Nelson, MC, of the Depfe-tment of Psychiatry and 
Neurology, Letterman General Hospital, and LTC Edward Maillet of 
Brooke Army Medical Center participated on the teams.    These teams 
visited three CONUS post programs for one week and collected data 
concerning the input and output of the programs, the relation of the 
drug program to ther post institutions, and the therapeutic approach 
being ir. plemented.    Critical assistance was provided by CONARC 
Surgeon and the participating MEDnC Commanders.    The data and 
study groups' recommendations were presented to the Director, 
WRAIR, and made available to representatives of the Consultant in 
Environmental Health of OTSG.    Using the resultant data base as 
background, representatives of the Office of the Director of WRAIR, 
Division of Biometrics, WRAIR, Division of Preventive Medicine, 
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WRAIR, Environmental Health, OTSG, and the Division of Neuropsychia- 
try, WRAIR, met with  the Armed Forces Epidemiology Board  (AFEB) Ad 
Hoc Committee on Drug Abuse, composed of Dr.  Vincent Dole, Dr. 
Robert Dupont, and Dr.   Colin McLeod.     Dr.  Dole and Dr.   Dupont made 
available information concerning the methods utilized in their 
extensive civilian programs to record individual patient data. 
The methods used to formulate this data for Automatic Data Process- 
ing (ADP) were investigated and compatible data forms  for recording 
information on individual military users were developed.    As a result, 
the data form designed provided basic demographic, medical information 
and follow-up information on participants in military drug treatment 
programs which was compatible with the data to be collected on a 
nation-wide population drug program under the direction of The Presi- 
dent's Special Action Office for Drug Abuse Prevention  (SAODAP). 

a.    In November 1971, a proposed approach was submitted to the 
U.  S. Army Medical Research and Development Command  in the form 
of an annex to the Alcohol and Drug Abuse Prevention and Control 
Plan (ADAPCP).    The general recommendations emphasized were: 

(1) Collection of systematic patlent-oriented data should 
be instituted. 

(2) Any data collection system must identify and record 
all individuals entering a program and confidentiality of the data 
collected is essential to establish the credibility of the rehabili- 
tation program. 

(3) That goals against which achievement of treatment 
programs should be evaluated should be the same as the goal.:   -"f 
ADAPCP (i.e., a drug-free functioning military member on acti a 
duty or of an appropriate transfer to Veteran's Administration or 
other civilian care for i discharged member requiring further re- 
habilitation). 

(t)    Any data collection system must provide useful local 
feedback, be as simple as possible, be self-correcting, be amenable 
to interfacing with civilian data collection systems, and have a 
central coordinating and control manager. 

(5) Redundant reporting through several channels on the 
same drug-using individual ought to be replaced by a single reporting 
system for all data concerning an individual.    Such a system would 
not preclude other reporting systems for actions of an agency 
(e.g., CID, JAG, PM,  etc.). 

(6) Concurrent with the initiation of an individual data 
reporting system, a method for reporting objective descriptions of 
medical rehabilitation systems should be initiated to report stiff- 
ing patterns, costs, modes of rehabilitations, and interface 
arrangement with other military institutions and civilian community 
programs. 
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(7)    Three to six months after initiation of the data 
collection, the information on hard should be arrayed and examined 
to judge its sensitivity and reliability in pre /iding comparative 
information about operative programs. 

b.    These recü'-imendations were accompanied by a plan for their 
implementation which outlined: 

(1) Data collection format for initial and follow-up 
individual data, 

(2) Assumption of responsibility for individual and 
programmatic data collection by The Surgeon General, 

(3) Personnel requirements, 
(4) An approach to rehabilitation program description. 

This document was then utilized by OTSG in the formulation tf a 
plan for evaluation of the U.  S. Army Drug Treatment Programs. 
Following appropriate modification, the data collection format 
recommended became operational as an activity of the  Directorate 
for Environmental Health of OTSG supported by Individual Patient Data 
System (IPDS). 

4.    COLLABORATIVE  STUDIES OP THE MILITARY DRUG ABUSER  IN USARV. 

Clinically observed disturbances in patterns of sleeping,  feeding, 
and social interaction in drug users while illiciMy using drugs 
and during the early weexs and months  following withdrawal suggests 
that research on the relationships between drug usage and behavioral 
and rhythmic physiological phenomena will provide  critical informa- 
tion about the addictive process and factors which  contribute to sub- 
sequent relapse.    The measures applied range from those of clinical 
observation through continuous electrophysiologic monitoring of 
bodily functions.     The hypotheses being addressed are:     (1) drug 
usage results  in abnormalities of ultradian and circadian cyclicity, 
e.g., sleep, respiration,  cardiac, gastrointestinal, ai.d behavioral 
performance cycles;   (2)  the rhythm abnormalities will be seen as 
changes in phase,  amplitude and the relationship of one rhythm to 
another;  (3) rhythm abnormalities will extend through time and 
will be altered as the physiological state of the  addict  is altered 
(for example, by alternating drug usage patterns);   (4)  confirmation 
of these hypothesis would strongly suggest that purposeful modifi- 
cations of these rhythms  in the ex-addict will enhance the effec- 
tiveness of some therapeutic measures. 

Between 12 April 1972 and 18 June 1972  a five-men research team 
from Neuropsychialry Division, WRAIR, plus physicians,  technicians, 
enlisted medics, monitors, nurses, social worker;,  and support 
personnel assigned to this study by USHSGV,  USARV,  completed a 
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data collection phase of a comprehensive study of heroin use, addic- 
tion,  and withdrawal at the 24th Evacuation Hospital,  Long Binh, 
RVN.    Two research wards were utilised:    one for initial intensive 
physiological monitoring of early abstinences and a second rehabili- 
tation ward facility which provided the opportunity for behavioral, 
biochemical, and neuroendocrine follow-up. 

More than 100 soldiers were   Initially screened in their current 
military unit.    All prospective study participants were evaluated 
by the research team for a specific history of heroin abuse, 
absence of other drug abuse, and willingness to enter a research 
unit which was officially recognized as part of the USARV Drug 
Amnesty Program.    Ten users were selected who had begun heroin use 
in Vietnam, were not using other drugs and had taken their heroin 
dose via the respiratory tract on a daily basis for at lea.''t one 
month.    Ten others were studied who had used to various extents, 
some of whom had used the intravenous route of administration. 
Five drug-free individuals were selected to serve as concurrent 
controls assigned individually to each group of patients investigated. 

Briefly, the organization of these investigations consisted of five 
to seven days of around-the-clock clinical evaluation, physiological 
monitoring, support of the withdrawing addict (specifically with- 
hold!.-g all medications) and collection of biological specimens. 
Subsequent to release from this period of intensive monitoring, 
patients moved to the follow-up ward for continuation of selected 
investigational procedures in a "rorrnalized rehabilitative" environ- 
ment (less rigidly controlled in terms of activity restriction and 
exclusion of periodic stimuli). 

Data currently to be analyzed from the WRAIR field research investi- 
gations of heroin abuse in Vietnam will include the following 
measurements: 

a. On-line continuous monitoring of multiple physiological 
parameters by four electrode radiotelemetry: 

(1) EEG (electroencephalogram) 
(2) EKG (electrocardiogram) 
(3) EGG (electrcgastrogram) 
(t) RPG (rheopneumogram) 
(5) EMG (electromyogram) 
(6) EGG (electroculogram) 

m 
b. Hematologic, biochemical, and endocrine parameters (serum 

sampling 3 times per day): 
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(1) Hematocrit 
(2) Leucocyte counts and differentials 
(3) Sedimentation rate 
(4) Erythrocyte and leucocyte morphology 
(5) Platelet evaluation 
(0) Electrolytes, calcium, phosphorus, BUN 
(7) Liver function tests (bilirubin,   SCOT,  LDH,  alkaline 

phosphatese 
(8) Serum lipids and lipoproteins 
(9) Glucose 

(10) Inmunoglobulins 
(11) Serum proteins 
(12) Australian antigen 
(13) Evaluation of the hypothalamic.-pituitary-adrenal- 

gonadals axis 
(14) Radioimmunoassay for morphine and morphine antibodies 

c. Urine Parameters 

(1) Volume and timing (per specimen, 24-hour) 
(2) Specific gravity 
(3) Qualitative urinalysis 
CO Creatinine 
(5) Neuroendocrine battery 
(6) Morphine radioinmiunoassay and FRAT 
(7) Amphetamines and barbiturates 

d. Performance Variables 

(1) Grip strength 
(2) Motor coordination and steadiness 
(3) Reaction time 

e. Clinical evaluations 

(1) Vital signs (temperature, pulse, respiration, blood 
pressure 

(2) Pupillometry (Polaroid photographs) 
(3) Symptom classification and quantification and observa- 

tion of withdrawal signs 

f. Social, psychological, behavioral and medical parameters 

(1) Comprehensive drug history and demographic information 
(2) Medical history and complete physical examination 
(3) MMPI administration 
(4) Time series questionnaire ( a retrospective report of 

diurnal behavior patterns) 
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(5)     Activity and status  log (a comprehensive minute-to- 
minute account of f>ach subject's objective behavior,  sleep-wakeful- 
ness, eating,  drinking, restlessness, cigarerte consumption, posi- 
tion, and symptomatology). 

INTERIM  FINDINGS 

a. Withdrawal (abstinence syndrome)  in  short-term Vietnam 
addicts is  less severe than has been classically described in 
civilian "street" addicts, most dramatically so among patients with 
nonparenteral routes of heroin administration. 

b. A pattern of heavy intermittent use  exists among some Army 
heroin users  in Vietnam.    These patients exhibit no ovprt evidence 
of abstinence  syndrome  (clinical or physiological) when heroin is 
withdrawn. 

c. Rhythm disturbances in sleep-wakefulness cycles and "life 
style" ara significant concomitants of heroin use and withdrawal 
in Vietnam.     T'ie extent, ramifications, and clinical significance 
of these changes remain to be determined in subsequent data analysis 
from the completed studies. 

d. The drug using population studies were unique  in that: 

(1) Environmental and social concomitants of drug use in 
USARV were unique, 

(2) A considerable portion of the population studiel had 
only been using heroin for a short time, 

(3) The heroin being used prior to withdrawal was rela- 
tivfly pure , 

(•O    A segment of the population insufflated the drug as 
their only route of administration 

OTHER STUDIES  IK PROGRESS 

Additional collaborative studies with LTC Norman Ream, USARV ana Dr. 
John A.  McCutcheon (formerly MAJ, USARV) are in progress on larger 
samples to evaluate hormonal patterns during a l'i-day period fol- 
lowing withdrawal from chronic heroin use in Vietnam.    Daily 24- 
hour urine samples were obtained and multiple blood samples for 
circadian rhythm studies were drawn at regular intervals during the 
withdrawal period.    Clinical symptoms persist during most of the 
first week, but relatively normal eating,  sleeping and activity 
cycles are usually established during the  second week.    Extensive 
clinical and physiological data on these patients are available 
for comparison with hormonal data.    At present, hormonal data are 
too preliminary to warrant any general conclusions. 

LTC Ream, is also collecting data concerning the reflexology of 
heroin abusers in collaboration with the Department of Medicine, 
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WRAIR,  and providinc samples of urine from heroin users and non- 
users which  are being used to evaluate the sensitivity of the radio- 
immunoassay determination of opiates.     It  is anticipated that Colonel 
Keam will return to WRAIR during FY 1973 to analyze considerable 
psychologic,  sociologic, and medicaj. data concerning heroin abusers 
in Vietnam. 

5.     STUDIES  OF MILITARY  DRUG ABUSE AND TREATMENT  IN  CONUS. 

Study of the Development of Drug Counselling Service.    From Septem- 
ber through  December 1971 LTC James Grosshans, MC, and SP4 Terry 
Zuelke carried out a study of the development of drug abuse counsel- 
ling and rahabilitation counselling at  Ft.  George G.  Meade, Maryland. 
The major goal of this organizational study was to describe the ad- 
ministrative and technical problems encountered in the initiation of 
a new institution on a garrison post and document the process by 
which these problems were resolved.     Data collection was accomplished 
by  intensive  day-to-day naturalistic observation and open-endad 
structured interviews during a period extending from August \o 
December 1971.     Data collection was suspended following the dis- 
charge of Spit Zuelke  from the service.     The resultant narrative 
data were reduced to a more manageable  chronologic format during 
January through May.     Preliminary findings  indicate that many of 
the problems encountered by this program resulted from inter- 
institutional conflict and the loose egalitarian structure of thr. 
counselling program.    During the period of observation, -t bacame 
clear that the drug urine aetection program being utilized to moni- 
tor the patient population was not detecting all instances of mani- 
fest and self-confessed drug use.     The obvious lack of staff ex- 
perience in working with drug abusars has resulted in a more vig- 
orous in-service training program.     In part, the early problems 
which beset this program have been corrected by the recruitment of 
a more experienced civilian staff, and increased emphasis on mtra- 
program discipline.    Further data analysis is in process. 

Captain Larry  Ingraham, MSC,  in the Department of Psychiatry, Division 
of Neuropsychiatry, a social psychologist, has worked on two projects 
related to drug abuse in the Army.    The first project involved the 
construction of a paper and pencil drug education inventory.    The 
purposes of the inventory were three:     (1) to provide a service to 
ur.it commanders that would facilitate entry into their units for in- 
tensive research, (2) to assess the drug education needs of Army 
units, and  (3) to secure basic epidemiologic data concerning drug 
use in Army units.    The in/entcry was pretested, revised, and read- 
ied for masb administration, but the project was discontinued when 
research attention shifted from drug problems in CONUS to those in 
Vietnam.    The second research project was wntitled,  "A Preliminary 
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Assessment of the Army Drug Abuse Control and Treatment Program from 
the Perspective of the Patient." The respondents in this research 
were Army enlisted men who had been detected as heroin users by means 
of a urine test at the time they were to leave Vietnam. The major 
objectives of the research were three: (1) to provide a description 
of the detection/detoxification/rehabilitation program of the Army 
from the experimental perspective of the patients, (2) to assess the 
responsiveness of the detected users toward Army and VA sponsored 
treatn.ent/rehahiiitation opportunities, and (3) to suggest hypotheses 
and scrategies for further research. The major results were that 
the returnees did not define themselves as addicts and emphatically 
denied both the need and desire for further treatment/rehabilitation 
opportunities. The results further indicated that heroin use in 
Vietnam is best viewed in terms of the social structure that en- 
couraged and maintained usage rather than in terms of personality, 
demographic, or pathological characteristics of individual user's. 
A preliminary report and fact sheet were provided to the CONARC 
Surgeon and a brief paper summarizing the findings of this study 
was presented to The Third Annual Psychology in the Air Force 
Symposium held at the Air Force Academy in April. An extended 
presentation and discussion of the results have been prepared for 
publication. 

Major Edgar P. Nace, MC, Division of Neuropsychiatry, a psychiatrist, 
has completed a study of drug-using, active-duty personnel. D'ug- 
taking patterns in their pre-service civilian life and in their 
military careers and the relationships between drug-taking behaviors 
and other behavioral variables were investigated. A semi-structured 
interview was constructed for use with drug-abusing patients who 
presented for help at mental hygiene facilities, and 101 such pa- 
tients as well as 44 non-drug-using rr^ntal hygiene patients were 
interviewed and administered standardized, non-projective psycholog- 
ical tests. This work was carried out at Fort Meade, Maryland; Fort 
Carson, Colorado; Fort Knox, Kentucky; and Fort Hood, Texas. The 
findings from Colonel Holloway's study team in USARV, and data col- 
lected by Major Nace in CONUS Led to a paper (mimeo) entitled "Pro- 
file of the Military Drug Addict" and was presented to Army World- 
Wide Drug Abuse Conference sponsored by the Chief of Staff of the 
U. S. Army in September 1971 and at the symposium on "Current Trends 
in Army Medical Department Behavioral Science," Fitzsimons General 
Hospital, Denver, Colorado, 8 November 1971. The data on hand are 
currently being more extensively analyzed. 

Preliminary field vork undertaken in Southeast Asia and in CONUS 
has resulted in the formulation of several hypotheses concerning 
the critical importance of social reinforcers and organizational 
circumstance in affecting the spread of drug abuse in the military 
group. In order to gamer data which would allow the testing of 
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thest hypotheses and üevelopment oT more effective programs of 
primary prevention, a study of the social networks of drug users 
has been designed and forvrarded to CONARC through the Medical Re- 
search and Development Command.    It is anticipated that this study, 
which combines the technologies of urinary screening,  contact 
epidemiology, and other techniques of clinical psychiatry and 
social science, will be initiated in the next  fiscal year. 

; 
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SUMMARY AND CONCLUSIONS 

During the reporting period, laboratories for the mass screening of 
urines for drug content were developed and placed in RVN. A screen
ing and confirmatory system evolved that has become an Army-wide 
standard. A quality control program for laboratories upporting the 
Army Drug Abuse Counteroffensive was initiated in the Division of 
Biochemistry, WRAIR, and transferred to the Armed Forces Institute 
of Pathology for further operational impl ementation. A variety of 
new technologies for drug detection have been evaluated. Sensitivity 
criteria or. e ch method have been established. 

Surveys and intensive studies of drug users and the military pro- · 
grams whi'ch serve them, have been initiated and have formed ~he ' 
basis of several staff reports which have: 

a. Rec0111nended and detailed programs of treatment and preven
tion for PACOM. 

b. Formulated a plan and instruments for a data-gathering sys
tem concerning individual drug users which is compatible with similar 
civilian systems. 

c. Provided a preliminary plan for evaluation of drug rehabili
tation programs. 

d. Made initial progress toward roviding data concerning fac
tors which determine a soldier to be at-risk for non-alcoholic drug 
abuse. 

e. Provided preliminary descriptive and social dat~ about sol
diers detected to have used opiates in Vietnam and particularly in
formation about their self-image and wish for treatment. 

f. Completed data collection in several studies of military 
drug users. 

g. Intensively studied the physiology and behavior of a popula
tion of Vietnam heroin users following their last insufflation of 
heroin and during withdrawal. 

Perhaps the most i.Japortant devel opment accomplished under this W·o:)rk 
uni 't was the developmell't of the technology and conceptual basis for 

it drug screening procedures which permit e early detection of 
opiate , barb! turate, and a~~~phetaaine use prior to the develop 
ment of addiction or chronic dependency on these drugs. 
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Project 3A062110A824 IONIZING RADIATION INJURY,   PREVENTION AND 
TREATMENT 

Task 00 Ionizing Radiation Injury,  Prevention and Treatment 

Work Unit 055,   Oiemical protection against irradiation 

Investigators. 
Principal:     Thomas R.   Sweeney,  Ph. D. 
Associates« COL William E.   Rothe,  VC; CPT Robert W.   Caldwell,  MSC; 

LTC David E.   Davidson,  VC; LTC Gale E.   Demaree, MSC; 
Miss Marie Grenan; MeMn H.   Helffer,   Ph. D.; Daniel L. 
Klayman,   Ph. D.; Robert S.   i^ozman,  Ph. D.; 1LT Thomas S. 
Griffin,  OrdC; 2LT Thomas S.   Woods,   CmlC; 1LT James H. 
Smith,  MSC; 1LT Rolla R.   Rich,  MSC; LTC Kenneth E. 
Kinnamon,   VC; June A.   Schäfer; Albert Einheber,  Ph. D. 

Progress 

I. General 

Progress on the dsvelopment of prophylactic drugs to counter the effects of 
ionizing radiation on exposed troops, or personnel, has been made at a 
somewhat diminished pace,  compared to previous years,  because of cer- 
tain operational difficulties that were beyond control and because of a drop 
in the rate of introduction of new compounds into the pipeline which 
resulted from a decreased synthesis program.    Although a number of 
excellent compounds have emerged, compounds which will be discussed 
later, the well known fundamental problems associated with antiradiation 
drug development viz.,  species variability, toxicity,  and the variability in 
activity with route of administration for various classes of compounds 
continue to make difficult extrapolation of mouse data and generalizations 
in structure/activity for the large animals. 

Phase I studies in the clinic have been completed on WR-2721. Two 
other compounds WR-2823 and WR-2529 are awaiting start of clinical 
studies. 

Chemistry 

II. Chemistry-Contract Synthesis Program 

Two chemical synthesis contracts were terminated during FY-72 leaving 
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only three as of the end of the fiscal year. The preparations laboratory 
continues to be active. 

During FY-72 there were 82 target antiradiation compounds submitted by 
the synthesis contractors.     The preparations laboratory resyntheslzed 
10 compounds on a large scale. 

'Pie fragility as well as the synthetic and purification difficulties 
associated with the important class of compounds, the aminoalkylamino- 
phosphorothioates, made necessary a careful study of the purification of 
certain of the compounds in this class.    This study was successful and a 
general approach to the purification of the class of compounds is now in 
hand.    Any given compound will require its own slight variation in the 
general approach, but this should present no problem.    Direct determina- 
tions oi phosphorothioate and water in this class of compounds would be 
extremely useful analytical procedures and it is planned to attempt to 
develop these metheds. 

Synthesis efforts during the last year have emphasized I) new sulfur 
covering functions,  2) compounds related to WF.-2721 in which new 
N-functions have been introduced in place rf the amino function and 
3) no-nitrogen polysulfldes.    The latter type of compound is particularly 
interesting from the theoretical standpoint as well as from the practical 
because of its unexpected and potent antiradiation activity.    A break- 
through lu synthesis was achieved when a compound was synthesized 
having a tidopyrophosphate group as the aulfur-cove ring function.    This 
method of blocking will have to be applied tu several compounds before 
its value as an antiradiation agent can be assessed.    Because of the 
expiration of the contract devoted to synthetic work in the alpha amidinium 
thiols and related compounds, work in this area has ceased.    Some of 
this work will be picked up by a still active contract. 

Two patent applications have been filed, one on S-substituted thiosulfuric 
acid derivatives, SN-016240, and one on organic disulfldes, SN-874677. 

111.    Chemistry-Organic Chemistry Section 

Studies of synthetic methods used to produce more effective antiradiation 
agents have led to the discovery of a number of new and useful chemical 
phenomena. 

During die past year, the investigation of the reaction of hydrogen sulfide 
with aminoalkanethiosulfuric acids has been completed.    It was learned 
that where the amino group is primary or secondary, the resultant 

1204 

^^^mmmmmamim 



product is the corresponding disulfide as the thlosulfuric acid salt 
[ (RS-)^ HS&AJ].    This constitutes an excellent method and one of 
choice for the conversion of organic thiosulfates directly to dlsulfides. 
Where the amino group is terlary, the outcome of the reaction is less 
predictable, for dl-,  trl-,  and tetrasulfides have resulted. 

The very unusual compound derived from 2-diheptylaminoeihanethiosulfurlc 
acid and hydrogen sulflde, namely,  Us (2-diheptylaminoethyl) tetrasulflde 
öHgS complex, 

3HaS 3H^ 

(G, Hjsk NCH2CHaSSSSCHsCHBN(C7H1B)a 

has evoked much curiosity.   Ulis is the first amine which has Leen 
reported to form a stable complex with more than one equivalent of 
hydrogen sulfide at room tempsrature.    Some limited studies are under- 
way to determine the structural requirements of this type of compound. 
What has been learned thus far is that:   (1) if the heptyl groups are 
replaced by methyl groups,  the complex does not form; (2) the dioctyl 
congener is stable, forming what appears to be a complex with eight 
molecules of hydrogen sulfide; (3) ordinary tertiary amines do not form 
stable complexes with hydrogen sulfide; and (4) Hs (2-octylaminoethyl) 
disulfide also forms a stable complex with HgS.    These complexes do not 
react with lead acetate solution unless a "triggering" agent,  such as 
chloroform, is added to immediately release the hydrogen sulfide. 

The reaction of organic thiosulfates with sodium borohydride has been 
investigated, for it was hoped that through the use of this reagent, a 
smooth conversion to the thlol could be achieved.    The reaction has been 
performed in the traditional solvents --water, methanol and ethanol--as 
well as in tetrahydrofuran.    Surprisingly, great difficulty has been 
experienced in obtaining thiols in hydroxylic solvents.    There is evidence 
that indicates that the thiosulfates are converted to dlsulfides but that 
scission of the S-S bond by borohydride occurs very slowly.    In 
tetrahydrofuran, borane complexes of 2-mercaptoethylamlne and Us 
(^-aminoethyl) disulfide are obtained. 

Another study in progress also involves organic thiosulfates and is 
concerned with their reaction with thiobenzoate anlon.    A number of 
potentially active antlradiatlon agents are emerging from this work. 

The reaction of chalcogens with sodium borohydride in protic solvents 
has been examined.    Sulfur and tellurium were found to be less reactive 
than selenium both in water and in ethanol. 
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The synthesis of the thlosulfate derivative of quinine has been achieved. 
Work is now underway to convert this new compound to the corresponding 
disulflde and thiol.    Also,  a sulfur derivative of thiamine is now being 
synthesized. 

Much effort has been expended on the study of the stability and purity 
of several phosphoroate -containing antiradlatlon agents.    A method has 
been devised to enable the detection and quantitatlon of trisodlum 
thiophosphate, a highly toxic contaminant found in some batches of 
aminoalkaneaminoethylphosphorothloates synthesized on contract. 

Patents Granted 

(1) D.   L.   Klayman and W.   F.   Gllmore,  U.S.   Pat.   3,595,899 (1971); 
2-(Phenylalkylamlno) ethanethlosulfuric Acids as Antiradlatlon Agents. 

(2) D.   L.   Klayman and R.  J.   Shine,  U.S.  Pat.   3,597,444 (1971); 
Method of Synthesizing Selenoureas from Thioureas. 

(3) D.   L.   Klayman and W.   F.   Gllmore,  U.S.  Pat.   3,655,715 (1972); 
Synthesis of N-Substituted 2-Amlnoethanethlosulfuric Acids. 
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IV.     Rodent Testing Program 

Candidate anüradiation chemicals synthesized under Government contract 
for the Anüradiation Drug Development Program are evaluated for radio- 
protective activity in thi' mouse test system.    Female ICR mice,  9-10 
weeks of age from the WRAIR colony are used in the test.     Each chemi- 
cal is administered intraperitoneally 15 or 30 minutes before lethal 
irradiation in the primary screening test.    A determination of the dose 
reduction factor,  duration of action, and effectiveness by oral administra- 
tion is made in secondary mouse tests.    Thirty day survival of treated 
mice after exposure to 975 rads of Cobalt-60 gamma radiation (LD^ 30 
days) is used to evaluate protective activity in the mouse tests.     Prior 
to radiation screening all compounds are studied for their toxicoiogic 
and pharmacologic properties. 

The following table summarizes th; results of screening for the period 
July 1,  19'71 TO January 20,  1972.     In the intraperitoneal tests,  compounds 
were administered 15 or 30 minutes before irradiation.    In the oral 
tests they were administered 15,   30 or 60 minutes before irradiation. 

Per Gent Survival 

Compounds 50-100%              35-49% 20-34% 0-19% 
Tested Route Active Mod. Active Fair Poor 

144                      IP                 54                           5                        27 58 

140 Oral              32                          4                       10 94 

During this testing period some Interesting new protective compounds were 
uncovered.    Dr.  Lamar   Field, on the basis of hir. previous active organic 
disulfide (WR 76,873), submitted a highly potent and interesting tri- 
sulfide (WR 168,643) which in the rodent test system produced one of 
the highest protective indices of any compound thus far screened.    It is an 
unusual radioprotectant since it contains no nitrogen function.    Its 
structure is: 

NaQjSCCHa^SSCCHs^OaNa 

This agent, like WR-76,843, disproportionates hi vivo and its protective 
activity is apparently associated with a product of the disproportionauon. 
In the IP test, WR-168,643 affords good protective activity at l/25th of its 
LEV, dose.    Orally, it is effective at 1/6 of its LDfe. 
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Another interesting and highly active series of protective compounds is the 
amidlne series,  syntLosized by Ludwig Bauer and by Parke Davis. 
Amidines with various substituents on nitrogen and sulfur are still among 
the most important structural types with antlradlatlon activity In mice. 
Cycloalkylalkyl and adamantylalkyl groups show the greatest activity as 
nitrogen substituents.    The best sulfur covering groups arv? the thlol, the 
phosphorothloate, and the dlsulflde. 

The most effective N-substltuted amidines orally and parenterally are the 
cycloheptyl methyl and cyclooctyl methyl co npounds.    The dlsulflde of 
the cycloheptyl methyl (WR 151331) offered the best activity by both routes 
of administration.    In the cyclooctyl methyl series, the Bunte salt 
(WR 166829) produced the best protection intraperitoneally, while the 
dlsulflde (WR 166764) was more effective orally.    Of the 3 sulfur covering 
functions studied, the dlsulfldes were the most toxic. 

WR 151331: 

WR 166829: 

WR 166764: 

NH NH 
II H 

- CHaNHCCHaSSCHsCNHaig- 

NH 
II 

-CHaNHCGH-SSOgH 

NH NH 
II II 

-CHs NHCCHaSSGHpCMlCHa • 

When the substltuent on nitrogen was adamantyl methyl, there was further 
enhancement of activity.    The best hi this series of amidines was 
WR 159243 (3,5-dimethyl adamantane methyl) tested as the phosphoro- 
thloate.    This compound was active intraperitoneally at i/30th of the LD^ 
dose and orally at 1/4 of the LE^,.    Its thlol form (157078) was sur- 
prisingly be tter orally, protecting mice at 1/7 of Its LEfc, but in the 
intraperitoneal test it was less effective than the phosphorothloate. 

CHa 
\ NH 

WR 159243: 
^-CHa-NHCCHsSPQaHNa 

WR 157078: T 
GHa-NHCCHaSH 
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Another interesting compound showing good activity In the mouse test is a 
guanidino substituted 2-aminoethanethlol tested as the phosphorothioate 
(176240).     It was effective Intraperitoneally at 1/10 of its LDgo dose»  and 
orally at 1/6 of its LDb0. 

NH 

WR NH2C -NHCH8 CHaSPQjHa 

A number of analogues of the outstanding radioprotective phosphorothioate 
WR 2721 were tested, with emphasis on alkyl substituents on the nitrogen 
or on the alkyl chain.    WR 3689, in which a terminal methyl group was 
added,  was superior to WR 2721 in the mouse te.'t.    This compound was 
less toxic than WR 2721, and had superior oral protective activity.     The 
compounds with methyl substituents in the 1 or 2 oositlon of the alkyl 
chain (WR 156787 and WR 151324 respectively) weie very active intra- 
peritoneally,  but were not particularly effective orally.    Two analogues 
of WR 3689 with terminal methyl groups (WR 151327 and WR 151326) were 
tested and had excellent oral ond Intrnperitoneal radioprotective activity. 
The hydroxyl analogue (WR 151325) v. s protective only after intraperi- 
toneal administration. 

WR 2721: NHaCHaCHa CHaNHCHaCHsSPOaha 

WR 3689:        GHgNHCHaCHaCHaNHCHoCHaSPQsHa 

CH3 

V.'R 156787:     NH8 Qla CHCHaNHCHaCHaSPOaHa 

CHg 

WR 151324:      NHaCMa^CHaNHCHaCHaSPOaHs 

OH 

WR 151325:      NHaCl^CHCHaNHCHaCHaSPOaHa 

WR 151327:      GHgNHCHa CHa CHaNHCHaCHaCHaSPOaH; 

WR 151326:      CHaNHO^CTaCHBNHCHaCHBCHBSH 

i 
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V.     Radiation ProtBction in Dogs and MonLeya 

Outstanding radioprotectlve compounds from the mousr testing program are 
selected for studies in dogs or monkeys.     Before radiation protection 
studies are initiated, acute toxicity studies are performed and a maximum 
tolerated drug dose is established.    Animals are exposed tu lethal whole- 
body gamma radiation in the exposure room of the Triga Mark IV 
Nuclear Reactor of the Harry Diamond Ordnance Laboratory Facility. 
Beagle dogs weighing 9-13 Kg are restrained In Incite boxes and exposed 
to a total dose of 650 rads (LDbe/30 + 50 rads).     Rhesus monkeys 
weighing 1. 5  - 3.5 Kg are restrained on flat Incite boards and are 
exposed to 850 rads (LD^9/30 + 50 rads). 

With the reactor operated at 250 KW of power, and with 70 cm of water 
interposed between the reactor core and the exposure room, the midline 
air dose rate is 110-120 rads/min of gamma radiation as measured by a 
beryllium (Issue equivalent integrating ionizaüon chamber.    Gold foil 
dosimetry has indicated a neutron contribution which is predominantly 
thermal, but which contributes less than 2. 5 per cent to the total dose. 

During the past year the reactor core has been re-loaded, necessitating 
extensive dosimetric studies to re-establish the configuration of the 
isodose curves, and to adjust dose rates and cage placement.    LDbo/30 
studies for the new configuration are in progress with normal dogs and 
monkeys, and drug studies will be resumed in the near future. 
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VI.    Liver Perfusion Studies 

Certain aminothiols synthesized as radioprotecüve drugs by the Army 
Anüradlation Drug Program have been shown to antagonize the biological 
damage produced in mammals by injection of nitrogen mustard.    We 
indicated in the 1970-71 Annual Reports that this property of aminothiols 
could be potentially useful in the chemotherapeutic treatment of hepatic 
tumors.     In previous experiments, anesthetized dogs were perfused with 
2 mg/kg of nitrogen mustard (Mustargen) directly iu'o the hepatic artery. 
This dose of mustard was shown to produce lethal hepatic and systemic 
effects in all dogs.    These lethal effects could be prevented when the 
portal vein was simultaneously perfused with a protective mixture of 
aminothiols consisting of 100 mg/kg of DL-threo-3-(2-mercaptoethyl) 
amino-l,2,4-butanetriol (WR 2347) and 400 mg/kg of cysteine hydro- 
chloride (WR 348).    Thes   experiments suggested that hepatic tumors, 
which derive their Wood supply in man from the hepatic artery in most 
cases,  could be treated by perfusion of much larger closes of nitrogen 
mustard than were previously possible, provided the hepatic parenchyma 
and the other tissues of the body were protected by the antagonists. 

Unfortunately,  dofs were not suitable for studying effectiveness of the 
perfusion technique in actual cases of hepatic tumor, since tumor 
induction in this species is difficult    A collaborative arrangement with 
the National Cancer Institute has been made to study the perfusion 
technique in Rhesus monkeys with chemically induced primary hepatomas. 
The surgical procedure has been modified for the monkey, and the 
appropriate relative doses of aminothlol and mustard are being investi- 
gated in normal monkeys prior to initiating expei^ments in monkeys 
with tumors. 
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VII.     Immunosuppressive Properties of Radloprotectants 

Several radioprotectlve aminothiols have been tested to evaluate their 
effects upon the allergic response of Macaca mulatta monkeys sensitized 
with indermally administered reaginic sera.    Although this family of 
compounds appears to have antiallergic properties, the monkey assay 
system has produced results which have frequently been erratic.    Many 
modifications and refinements of the test procedure have failed to 
produce a more uniform response, and this assay system has been 
abandoned in favor of more complex but more reliable standardized 
definitive tests for assessing immunosuppressive activity.    These are the 
spleen colony assays described by Till and McCulloch (1) and the infant 
mouse assay of Simonsen (2).    These systems are currently being em- 
ployed to identify and evaluate the immunosuppressive activity of 
selected aminothiols. 

] 
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VIII. Therapy of Radiation Injury by Hematopoietic nssue Grafting. 
A Study of Graft BUmination 

This work is being accomplished in collaboration with Dr. John B. Nutter 
of the Armed Porces Raclotiology Research Institute, Bethesda, Maryland. 
1be purpose of the study is to develop a ~reatment regimen which will 
permit effective bone marrow therapy of radiation injury. 

Deaths caused by the effects of ionizing radiation on the hematopoietic 
system may be prevented by bone marrow transplantation. However, 
unless the donor and recipient are identical with respect to histocompati
bility antigens, the recipient may B"absequently succumb to secondary 
disease. Any measure that reduces this immunologic reaction increases 
the chances of successAII therapy. Hematopoietic death in mammals, if 
it occurs, is usually during a "crisis" period between 10 and 15 days 
after radiation exposure. It has been shown that foreign mMrrow 
transplants given after radiation and prior to the crisis period will 
greatly reduce the mortaUty from radiation damage. However, due t 
graft proUJeratton, the incompat ii1Uty between the graft and host 
eventually results in secondary disease, •nd death usually follows at 
some time after the radiation crisis. 

An important char cterisUc of the hematopoietic system that receives 
Uttle emphasis is its tremendous potential tor recovery. No secondary 
disease would occur if the graft could be eUminated after it had sustained 
Ute through tbe crista period, and, in addition, the subject would com
pletely recover if his own hematopoietic tissues were regenerating at that 
time. 

It has been shown that unirradi&aed animals receiVing a loreip marrow 
transplant are DOt siguUlcantly affected by the graft. Presumatiy this is 
due to the recipient's fully competent and unsuppressed immune mechantsms 
which are able to rapidly remove the i:»relgn cells. One way to approxt -
mate the normal immunologic state tn an irradlaed lmmunosuppreseed 
subject is to inject an anUserum similar to that which would have been 
produced by dK unirradlaled recipient, l. e. confer specllc passive 
immunity. It is conceivatM that specllc antlbocles aptnst the transplan
tation antigens on the bone marrow cells of the graft might eUminate 
tboae cells from tbe host. It Is poatulallld that tbe admlntstraUon of 
graft-epectlc cytotoxic ..UJOCles to lrraclaled redplenta of alloseneic 
bone marrow grab wt11 eelecthely eUmiDabt tbe• grafts and leawt the 
host's own survtvtDg hematopoietic ua ... UDCiamqad. Furthermore, tf 
this Is doDe aler endoJenous boat marrow recowtry and bei:»re secondary 
clseaa Is eYidnt, completll recowtry 8hould euue. 
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Initial experiments are being conducted to establish the relationship 
between the time after irradiation and the minimum s.'ze of the C57B1/6 
marrow graft which will permit CBA mice exposed to a lethal dose of 
whole-body Irradiation to survive the radiation crisis.    The incidence 
ard time course of secondary disease in animals surviving the radiation 
crisis is also being determined 

* 
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IX.     Fharmacology 

The general pharmacology of WR 2721 was studied in anesthetized dogs 
to further support claims for investigational exemption for this -.ew drug. 
The results of these studies are reported in the appropriate supplement 
to the claim.     Phase I human tolerance studies were completed     The 
results of these studies will be reported in the appropriate supplement 
to the claim. 

Patent! Granted 

Heiffer,  M. H.   and Jacobus,  D. P.; 
Pat No    3,629,410 

Alpha Adrenergic blocking Agents 

J 
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tion  (100 MHz to 100 GHz) with biological systems.     Survey and evaluate all known 
methods and techniques of microwave doslmetry and develop  improved techniques and 
instrumentation where appropriate and necessary. 
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reason to believe microwave effects may occur at  reasonable  power Intensities.    Where 
Indicated,  determine  the military significance of  the eflecta and the measures nec- 
essary to obviate them.    A data bank of the world literature on the biological effects 
and hazards of electromagnetic radiation ia to be established and maintained. Initial 
scientific efforts will use evaluative methods from experimental psychology, electro- 
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Atmy radiating equipment and operational requirements. 
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Project 3A062110A824 IONIZING RADIATION INJURY, PREVENTION AND 
TREATMENT 

Task 00 Ionizing Radiation Injury, Prevention and Treatment 

Work Unit 057 Biological effects and hazards of microwave radiation 

Investigators. 
Principal:    H. Mark Grove, M.Sc. 
Associate:    Sandra H. Glthens, B.S.; T. Daryl Hawkins, M.A.; 

Stuart E, Hirsch, MAJ, MC; Lawrence E. Larsen, MAJ, MC; 
James L. Meyerhoff, MAJ, MC; John F.  Schrot, M.A. 

FY 72 was the first year for funding of the WRAIR Microwave Research 
Program.   The initial studies, therefore, are in various stages of 
completion and will be submitted for publication beginning in early 
FY 73.   This Annual Report summarizes the salient points of progress 
in five general areas. 

BEHAVIORAL BIOLOGY STUDIES OF MICROWAVE EFFECTS. 

Microwave studies with rectal teirperature, lethality, and behavioral 
performance as dependent variables were initiated.    Prior to the micro- 
wave work per ae, several baseline explorations were made with fixed- 
ratio, variable-ratio, and variable-interval schedules.    The goal was 
to determine if the average female rat would perform reliably on these 
simple schedules for food pellets if the rat's body weight was main- 
tained at exactly 200 grams irrespective of the Initial free-feeding 
body weight.    Consistent performance was maintained on each of the 
behavioral schedules indicating the feasibility of using rats having 
standard mass as subjects In a variety of different microwave studies. 
Use of standard subject serves to eliminate one source of variation 
and thereby possibly to facilitate determination of the Interrelation- 
ships between microwave parameters and physiological and behavioral 
variables. 

Preliminary Lethality and Temperature Work. 

Initial lethality investigations were designed to gain estimates of 
the maximum microwava exposure which could be tolerated by 200 g rats. 
These data were needed In order to establish protective exposure 
limits for performing rats in which a considerable training invest- 
ment had been made.   At 3000 MHz (10 cm.) and a power density of 
250 mW/cm2 the lethal exposure duration was 4.75 minutes.    At this 
duration only 50 per cent of the animals survived for 24 hours 
following the exposure.    Rectal temperature data were collected 
before and after the exoosure of each rat. 
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Temperature Increases were approximately linearly proportional to 
the exposure duration.    Increases In temperature of 50C were lethal 
In most cases.    Control exposures with anesthetized animals, however, 
produced smaller temperature Increases suggesting that confinement 
stress In addition to the microwave exposure was contributing to 
the temperature Increases observed in the normal rats. 

Lethality Effects at High Power. 

In late spring 1972, studies with the high-power focusing device 
were Initiated.    This device can provide a focused beam of microwave 
power within the range of 0 - 4000 mW/cm2w1th the specific generator 
available at 10 cm.    The data obtained by using this device are 
quite preliminary.    The beam Is so narrow that minor changes 1n 
the orientation of ehe rat's head produce markedly different 
lethality effects.    For example, with 3000 MHz Independently 
determined estimates of the lethal power density have ranged from 
900 to 1400 mW/cm2 depending on the Individual exposure box employed. 
Once the initial apparatus problems are worked out, the high-pov.ar 
device should provide a useful tool for examining lethality at 
very short exposure durations. 

Behavioral Performance. 

Behavioral studies of the ef acts of microwaves have systematically 
examined the variables of po\ er density and frequency.    In this 
series of studies a simple fiKed-ratio schedule of food reinforce- 
ment was used as the baseline procedure against which to compare 
microwave effects.   On the base schedule each ten responses on a 
work lever delivered a food pellet to the rat during the fifteen- 
minute work sessions (FR-10). 

Power Studies. 

Effects of power density were initially examine^ using frequencies 
of 2450 and 3000 MHz (12.24 and 10 cm, respectively).    Each 
individual rat tested showed clear-cut differential reactions to 
exposures at different power densities.   The higher the power 
density, the sooner the rat stopped performing.    For example, 
50 mW/cm2 produced very little disruption during the 15-mlnute 
work sessions.   A level of 300 mW/cm2 produced complete stoppage 
in three to four minutes.    Effects for the intermediate powers 
were Intermediate between the divergent effects produced at 50 
and 300 mW/cm2. 
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Frequency Effects. 

Preliminary studies of the effects of different microwave frequencies 
on the behaving rat provided some very unexpected results.    It Is 
commonly assumed that the biological potency of microwaves Is 
frequency Independent.    Since higher microwave frequencies are more 
readily absorbed than lower ones, however, one might reasonably 
expect a stronger behavioral effect at high frequencies than at 
lower frequencies.    However, In an ongoing study we have obtained 
very strong evidence that the relationship between food-maintained 
behavior In the rat and microwave frequency is not a simple mono- 
tonic one.    In the current behavioral study we are examining per- 
formance decrements produced Dy five different power levels at 
each of four frequencies.   An intermediate frequency of 1700 MHz 
has consistently produced greater performance decrements than both 
higher and lower frequencies at a given power density.    This non- 
monotonic relation holds for power denisty levels In the range 
from 50 to 150 mW/cm2.    These unexpected results have several 
implications:    First, since the rat seems particularly sensitive 
to some frequencies, different species including man may show 
similar nonmonotonic sensitivities to the same or perhaps dif- 
ferent microwave frequencies.    Examination of this possibility 
will be crucial to a complete evaluation of the biological effects 
and hazards of electromagnetic radiation. 

A second related consideration has to do with the observation that 
at least with 1700 MHz, reliable work stoppages were produced with a 
power density of only 50 mW/cm2.   The stoppages occurred on the 
average with nine minutes exposure.   Extrapolating from this finding 
one could pro.iect that work stoppages might be produced at 25 mW/cm2 

if the exposure duration were increased to only 18 to 20 minutes. 
Therefore, the paradigm is being revised to support a longer session. 
The extent to which future empirical data confirm such prediction is 
crucial in that we can seriously expect reliable effects of microwave 
power densities quite near that of the established safety standard. 

CNS ELECTROPHYSIOLOGICAL STUDIES. 

Background. 

The study of CNS electrophysiological effects of microwave radiation 
begins with the working hypothesis that the primary pathophysiological 
mechanism is thermoregulatory inadequacy or dysfunction.    Primal to 
this approach is the problem of brain temperature measurement during 
microwave exposure.   This allows the time course of electrophysiolog- 
ical and thermogegulatory responses to be followed. 

1220 

lämM 



The development of thermometrlc methods for this purpose began more 
than two years ago with needle encased thermistors (Fenwall K 898). 
These probes are manifestly Inappropriate for use In microwave fields 
due to the metallic shielding which Increases total absorbed power by 
two orders of magnitude and results In totally unreliable temperature 
measurements.1  2   The only exact method for control of artifact was 
crosspolarlzatlon.   This method is unsuitable for our use since our 
preparations are not restrained.3 

The year 1970 - 71 was spent developing a glass mounted thermistor 
which promised to offer great Improvement of the needle mounted 
design.    Notable design features include: 1) Interchangeable probes 
with a tolerance of 1% of the resistance value to a standard RT 
curve; 2) miniaturized dimensions; 3) greatly reduced metal content; 
4) use of high thermal Impedance materials in mount, mount canal, 
and lead wires.    The associated bridges, recording electronics, 
baths and general techniques of thermometry were designed, con- 
structed and acquired during this period. 

The present phase overlaps with 70 - 71 in that bench testing of the 
second generation probe began in the summer of 1971. 

Progress. 

The bench testing program applied 33 mW/cm2 incident power density to 
the probe immersed 1n a saline filled test chamber (controlled for 
geometry and depth of penetration) Inside a section of WR-284 wave- 
guide.    The results Indicate two types of artifact:   A fast artifact 
(Tc <0.1 sec) coincident with onset of the fields; and a s'ow artifact 

(Tc =3 - 5 sec).    Both of these artifacts ar» eliminated with 

decoupling of the lead wires from the field.    Incident radiation on 
the thermistor network without the antenna effects of the the lead 
wire give a residual error <0.1C)F. 

Ferrite materials were tested as a possible shielding n thod with 
less heating than metal.   The were found to be large'v ineffective. 

Rectification was found to be a minor problem (error =0.1JF) and 
lost with decoupling. 

Recommendations and Conclusions. 

The results from bench testing of the second generation probe indicate 
a need for a temperature probe which is decoupled from the field.   We 
developed a tentative design for such a probe employing microclrcuitry 

(lym lead wire spacing lines 300Ä thick by lym wide).   The design was 

12521 

M^^MMtfBlHHHMi 



refined by the determination of appropriate filter parameters, and 
its performance expectations were predicted on the basis of antenna 
theory by R. A. Moore, Ph.D. of the Westlnghouse Corporation.    Based 
on those calculations, we believe a 50 dB decoupling Is available 
with a dlpole heating of <0.1oC. 

A contract was let for the construction of a mlcrocircult based 
probe.   At this writing, we are awaiting delivery of the engineering 
prototypes for evaluation.    We expect that the same principles may 
be used to design and build LEG electrodes which may be used with 
audio and sub-audio amplitude-modulated microwave fields.    This 
idea will be pursued following verification of the performance 
specifications of the temperature probe. 

NEUROCHEMICAL STUDIES. 

The effect of chronic exposu. e to low level microwave energy on 
brain serotonin (5HT) turnover in rat was examined.    Walter Reed 
rats were exposed to 10 cm radiation at 10 mW/cm2for eight hours 
per day .Tor seven consecutive days.    Control rats were placed in 
the exposure chamber during all exposures but were shielded from 
the beam. 

At the end of each day the exposed animals showed clear signs of 
stress: piloerectlon, defecation, etc., in marked contrast to 
controls.   Both groups of 12 rats gained weight over the seven- 
day period.   The mean gain of controls was 48.9 grams, the mean 
gain of exposed rats was only 31 grams. 

Forebrain 5HT turnover was estimated by the method of Tozer. 
Pargyline, a monoamlne oxidase inhibitor, was administered (75 
mg/kg) i.p. and rats sacrificed at time 0, 30, and 60 minutes post- 
injection.   5 hydroxyindoleacetic acid (5HIAA) the metabolite of 
5HT, was assayed by the method of Udenfrlend.   As shown by Tozer, 
the rate of decline of 5HIAA can be used to calculate 5HT turnover. 
A plot of logio 5HIAA concentration vs time yields a straight line, 

the slope of which is 1/2.3 times the rate constant l^of 5HIAA 

efflux.   The product of K2 and initial (time zero) 5HIAA concentra- 

tion equals the rate of 5HIAA efflux which is equal to the rate of 
5HT synthesis. 

The turnover rate In exposed animals was 0.104 vg/g/hr and in 
controls 0113 vg/g/hr.    Regression lines of log 10 5HIAA vs time 

were virtually superimposable on each other.    It was concluded that 
microwave exposure in this experiment did not significantly change 
5KT turnover.    It was noted, however, that Initial 5HIAA values 
were almost always very slightly lower In exposed animsls.    This 
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may be Q;ie to decreased feeding evidenced indirectly by less weight 
gain in e/posed rats, and could be brought on by heat stress.    It 
has been shown by Wurtman that brain 5HT can be directly influenced 
by dietary intake.    Moreover, we have found a marked correlation-- 
0.8—between body weight and initial  5HIAA values (o = 0.80) as 
well as with turnover rates (^ = 0.80) as well as with turnover 
rates (a = 0.86}. 

OCULAR EFFECTS. 

During the period July 1971 through June 1972 the study of microwave 
ocular effects was begun.    This study Is divided into two major 
parts: clinical research and laboratory studies. 

The clinical research portion consists of the examination of 
personnel at various military installations whose occupation 
potentially exposes them to microwave radiation.    Ophthalmic 
examinations are performed on these subjects in addition to con- 
trol counterpartii.    Examinations have been done at Ft Huachuca AZ; 
Ft Monrpoijth NJ; Ft Bliss TX; WSMR NM; and Tobyhanna Army Depot. 

Basic in-house laboratory research has been initiated with a great 
deal of cor.sideration spent on a review of the existing microwave 
ocular effects literature.   Consultation has taken place with Drs. 
R. L. Carpenter, and David Donaldson of Boston concerning techniques 
of microwave exposure and animal examination in addition to photo- 
graphic documentation of ocular lesions.    A veterinary ophthalmol- 
ogist, Dr. Seth Koch, has been appointed a permanent consultant to 
WRAIR for this project.   Beagles are In the process of being Ir- 
radiated as part of Initial pilot studies.   The aim of our studies 
at this point is to become familiar with the requirements necessary 
for the production of cataracts in various animal species exposed 
to microwave radiation. 

A protocol  is 1n preparation which "IT! draw upon data from the 
pilot Investigation for an appropriate study to establish whether 
there 9x1 st pathognomonic characteristics of cataracts of microwave 
origin. 

DOSIMEFRY. 

The question of dosimetry is central to any meaningful research into 
the biological effects and hazards of nonionizing radiation.   Although 
free fields can be well characterized and are amenable to calculation 
the presence of irregular perturbing objects renders closed-form 
calculation impossible and simp1«» measurement, 1n most tcses, 
impractable. 

122 3 



A workshop/seminar on the subject of doslmetry and measurements was 
jointly sponsored by WRAIR and Georgia Institute of Technology on 
1 - 2 June 1972.   This workshop brought together some 50 specialists- 
biological and physical scientists and engineers—in a review of 
the state of the art and to dlscjsf. potential approaches to solution 
of critical problems.    Fourteen japers were presented.   Summaries 
will be published as a WRAIR technical report during the summar of 
1972. 

LITERATURE DATA BASE. 

As a part of the DoD microwave research project, a program was 
embarked upon to collect, codify, analyze and enter into a com- 
puterized data bank the world literature on the biological effects 
and hazards of microwave radiation.    This task was originally funded 
by ARPA and managed by the Air Force under contract F3361b-70-C-1789 
to Data Corporation. 

Upon consolidation of the microwave program at WRAIR, monitorship 
of this task w?s transferred as well.    For the past year the 
Contractor has been engaged in refining the initial data base design, 
collecting, analyzing and preparing documents for machine entry. 
As of 30 June 1972, the file will contain an estimated 800 papers 
in full-text format.   Additionally, an estimated 1700 original 
documents will have been acquired.    It is planned to have 2500 
documents in the data base by the end of FY 73.   Sufficient entries 
are expected to support valuable searches by early Fall, 1972.    It 
is anticipated that the base will be fully operational by the end 
of FY 73 and available to all Interested users In this specialized 
research field.    Beyond that, 1t is planned to keep the file up-to- 
date on a current awareness basis. 

The final report on the contract referenced above will be available 
in September, 1972 and will fully describe the base, Its contents, 
and its operation. 
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Projec~ 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Inveatiaationa 

Work Unit 106, Antiaenic Fractionation, Serology of Malaria 

Ioveatiaatora. 

Principal: E. H. Sadun, Sc. D., Lib. Doc. 

Aaaociate: LTC C. L. Diaas, MC; CPT R. O. McAlister, MSC 

Previoua atudiea of the antiaena of Plaa~diua falciparum 
have uaed lyaatea obtained froa infected cht.panzee blood 
d..onatratina relatively lower parasit..taa. The hi&h 
parasit..tas which occur durin& the course of thia infection in 
owl .onkeya coupled with the areater availability of theae 
ant.ala, present a unique opportunity to obtain larae quantities 
of parasite .. terial. The properties of antiaens obtainable 
in thia boat-parasite ayatea were therefore studied. The 
followin& report details the reaulta of initial inveati&ations 
into the purification and properties of the aerolo&ically 
reactive co~onenta obtained froa !· falcipar~infected 
Aotua erythrocytes. 

A. Erythrocyte isolation and lyaia 

The ea.p. strain of !· falciparua was utilized for these 
atudiea. Aotua .ankeya were houaed and cared for as previously 
reported. An appropriate doae of parasites obtained froa 
either freah blood froa a donor ant.al or froa a frozen 
atabilate was adainiatered intravenoualJ. Infectiooa were 
~nitored daily uaina Gi ... a-a~aiDed fit.. of peripheral blood. 
When ~re than 20% of the er,throc1tea were parasitized, the 
ant.ala were euthanized by f~ral vein and cardiac puncture; 
blood was collected in heparinized ayrinaea. · 

The heparinized pl .... was collected followinl centrifuaation 
at 600-800 X 1 for 15 ain at 2-5 c. The er,throcJtea vera 
reauapencled with 50 a1 cold 0.·15 ! -.c1 ancl c:entrifuaed aa 
above for 10 ain. After wuhina 4. CODaecutive U.•a under 
identical conditione, the cella .. re cantrifuaed for 15 ain and 
the packed cell volu.e •uured. The cella ware then 
reconstituted in 4 volu.aa of PIS (0.0~ •a2BP04-RaH2P04, 
pH 7.5 - 0.15 M BaCl). lr,throc,tea ware lJaed either bJ 
repetitive freeze-thaw (W.llde et al., 1969) or bJ uae of a 
French preaaure cel1 at 1000 lb87t;f. After lJaia, er,throcJte 
couata were deterained uaiDa a hellac,ta.ater. The diarupted 
.. terial follovtna lJaia wu ceDtrifua-4 at 15.00 -23.000 at 
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1-2 C. The supernatant fluid was carefully removed from the 
pellet containing erythrocyte membrane fragments and free 
parasites, and stored at -70 C for subsequent studies.  The 
pellet was suspended In an equal volume of PBS.  Thin films 
were subsequently prepared and stained with Glemsa to ascertain 
obvious morphological effects of the lytlc process on the 
parasites. 

B. Fractlonatlon and purification 

All ammonium sulfate fractionations were carried out at 
0 C. Gel filtration studies were performed at room temperature 
(22-26 C) using dextran and agarose gels (Sephadex ^■^> and 
Sepharose f.tl-   respectively). 

The gels were equilibrated in 0.1 M Trls (hydroxymethyl) 
amino methane-HCl, pH 8.0-.022J: (w/v) NaN3 ("Tris") or in this 
buffer containing 0.15 M NaCl ("Trls-saline").  Fractions were 
collected with a portable fraction collector (Buchler Instruments) 
set for drop counting. Protein analyses were conducted using 
the method of Lowry et. al. on washed TCA precipitates, employing 
crystalline bovine serum albumin as standard, or alternatively 
by absorbance at 280 nm, using as E||  the value of 14.6, 
a published value for human 3-globulin (McDuffie and Rabat, 
1956). Absorbances were measured with a Zeiss PMQII Spectre- 
photometer equipped with quartz cells of 1 c light path. 
Volume reduction of antigenlc fractions, when necessary, were 
carried out in cellulose dialysis tubing of pore size 48 A avg, 
undar reduced pressure. 

C. Assay of antigenlc activity 

All antigenlc preparations were tested in duplicate 
against pools of normal and hyperimmune human sera. The normal 
sera were obtained from either healthy Individuals who had 
undergone physical examinations, or from donated plasma obtained 
from the blood bank at Walter Reed General Hospital.  The 
hyperimmune serum pool was obtained from a blood bank located 
in a highly endemic area in Nigeria. 

The soluble antigen fluorescent antibody (SAFA) test was 
performed with the following modifications: All sera (normal 
and immune) were tested at a single dilution of 1;5 unless 
otherwise specified.  The fluorometer dial was set to zero by 
interrupting the light path with an opaque barrier.  Results of 
dial readings for both normal and Immune sera were then recorded, 
and the difference in fluorescence dial reading ( FDR) between 
the two was used as an expression of Serologie activity. Normal 
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serum pool FDR values varied from 9.0 -  14.5 units,  depending 
on antigen concentrations used. 

For testing of antigenic fractions,  the standard 47 mm 
Mllllpore T"^'  filters (pore size O.ASp) were cut into 6.5-7 mm 
discs.    To each of  these discs was applied 0.010 ml of the 
antigen solution  to be tested.    After a five minute absorp Ion 
period,   the discs   were dried at  37 C for  30 min. 

The  indirect  hemagglutination test   (IHA)  was  performed 
according to the published method with the following exceptions: 
The sheep cells used for the sensitization step were preserved 
by glutaraldehyde fixation and stored at 4 C as a 30% suspension 
(v/v)  in distilled H2O.    All sera were absorbed with an equal 
volume of  this  30%  suspension for 10 min.     The  normal  rabbit 
serum used in the diluent was obtained from a large pool obtained 
from a commercial source.    Hemagglutination patterns were 
developed at room temperature, and serum tlters were expressed 
as the reciprocal of the highest serum dilution giving 
complete agglutination.    Optimal antigen concentrations  for use 
in sensitizing the preserved erythrocytes was determined for 
each antigen preparation.    The use of concentrations  above 
that  found to be optimal resulted in nonspecific agglutination 
in the presence of both immune and normal sera.     All antigen 
fractions were tested in duplicate versus the paired hyper- 
immune and normal serum pools; the initial serum dilution 
utilized was in all cases 1:20.    The test was carried out 
using the Mlcrotiter T.M. apparatus and "U" type plates. 

A.    Isolation of antigenic material 

The freeze-thaw method of lysis as a means for initial 
isolation of antigen was investigated due to the success 
reported In previous studies.    Erythrocyte counts made on the 
lysate prior to centrlfugatlon revealed the degree of 
erythrocyte lysis  to be in most cases 99% or more; however, 
Giemsa-stalned preparations revealed the pellet to contain 
many Intact parasites which appeared unaffected by the lytic 
process.    By contrast,  it was found that 1000 lbs/in^ using 
the French pressure cell gave not only 100% lysis of the 
erythrocyte,  but resulted in disruption of a number of parasites 
as well, when comparisons were made between the morphological 
appearance of pellets obtained after allquots of suspended 
erythrocytes were lysed by each method.    A small amount of 
additional protein and antigenic activity measurable with the 
IHA test was recovered in the French pressure cell-lysed 
preparation.    These differences were deemed significant,  since 
both preparations showed identical fractlonatlon properties following 
(NH4)2 SO4 treatment. 

1230 

***» 



r 
Protein measurements on lysates were performed on TCA 

precipitates using the Lowry method.  It was considered 
appropriate, however, to use a spectrophotometrlc assay 
following (NH4)2 SO^ precipitation and subsequent dialysis. 

B.  Antigen reactivity and (NH4)2 so4 fractiomitloT, 

Initial studies using 10 monkeys were conducted to determine 
the relative reactivity of various antigen preparations from 
different animals.  The potential use of (NH^^ SO/, fractionction 
to remove contaminating host hemoglobin was also Investigated. 

It was empirically determined that most of the host 
hemoglobin was soluble in 62%  (3.34 M) (NH^ SO4 at 0 C. 
An aliquot of each lysate preparation was subjected to (NH4)2 ^^ 
precipitation at this concentration at 0 C for 30 min, followed 
by centrlfugation at 11,000 X g for 15 min. The red supernatants 
were decanted and the pellets washe ! 3 times with 70% (3.75 M) 
(NH4)2 so4 with intermittent centrlfugation and finally re- 
dissolved in a minimal quantity of PBS.  Following dialysis 
against a large volume of PBS, the dissolved precipitates were 
adjusted back to the original volume and were tested for SAFA 
reactivity, along with the original lysate and the dialyzed 
(NH^^ SO^ supernatants. The precipitate fractions were 
assayed for their protein content. It was found 
that the antigens detectable in all preparations were insoluble 
at this salt concentration. The pellets recovered following 
salt precipitation varied in color from pale brown to deep red; 
the amount of contaminating hemoglobin visually seen appeared 
to be less of a problem when using small initial volumes of 
lysate for the precipitation.  In all cases, negllblble 
activity could be detected in the supernatant following 
precipitation, even when pressure dialysis was utilized to 
return the supernatant fluid volu 3 back to that of the original 
lysate. 

For further investigation of the properties, the antigen 
in the presence of (NH^^ SO4, experiments were designed to 
elucidate antigen solubility over a wide range of salt 
concentrations. 

A preparation of lysate obtained from an animal which had 
a terminal parasitemla of 84% was divided into 1 ml aliquots. 
Each aliquot initially contained 16.5 mg protein/ml.  Saturated 
(NH4)2 SO4 was then added to a final concentration of from 20%- 
75% M at 0 C at 5% Intervals. Following centrlfugation and 
dialysis, the paired antigen precipitates at each point were 
redissolved in 1 ml of PBS unless the pellet size required the 
use of a larger volume.  All antigen precipitates including the 
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paired unfractlonated control samples were  tested  for  reactivity 
in  the  SAFA test and  In the  IHA test against  the pooled  immune 
and normal sera.     Following  testing,  protein concentrations 
were determined and expressed as total protein (mg)  in each 
pellet.     Each fraction was  used undiluted  for soaking discs 
to be used In the SAFA test;  each  preparation was diluted 
50  fold  for sensitizatlon In  the  IHA test.     The results  expressed 
as mean values  indicate all antlgenlc material  to be  Insoluble 
at  salt  concentrations  above 50% saturation.    When this  experiment 
was  repeated utilizing a preparation from another animal which 
had a terminal parasitemla of 83% and a lysate protein 
concentration nf  7.6 mg/ml,   similar curves were obtained. 
Preliminary studies suggest  that   the antigens are stable  frozen 
at -70 C.    Preparations stored  in  this fashion have shown no 
detectable loss in serologlcal  reactivity after periods  of 
up  to  five months.     The   (NH^)2  SO^ precipitated material   after 
dialysis,  appears stable  for at  least several hours at  rooir 
temperature,  an* several  of  these preparations have been 
repeatedly frozen at -70 C and thawed with no detectable ill 
effects on measurable activity.     No change In reactivity was 
detected when one aliquot  of the antigen was heated at  56 C 
for  30 mln and tested  in parallel with an unheated aliquot. 

C.     Gel  filtration Studien 

To establish the molecular sieve fractlonation properties 
of ammonium sulfate-purifled antigen, a pool of lysate taken from 
three different animals was batch-treated with 62%  (Nlfy^ SO4 as 
described above and dissolved In PBS to a final concentration of 
5.34 mg/ml.    Three ml  (16-1 mg protein) of this preparation were 
applied to a Sephadex G-200 column of dimensions 2.5 C 38 cm. 
The gel was equilibrated in Iris buffer and the column was pre- 
callbrated using 3 ml of a 0.2% solution of Blue Dextran 2000 
using a flow rate of 2 ml/min.    Each 2 ml fraction was read 
undiluted at 280 nm.      Fractions were tested undiluted in the 
SAFA test, and diluted 1:5 for testing IHA reactivity.    A 
major part of the activity detectable was present in the first 
protein peak.    Curves were drawn through mean values obtained 
In tie serologlcal tests.    This experiment was subsequetnly 
repeated two times using different antigen pools, each purified 
with ammonium sulfate.     In every case, all detectable 
serologlcal activity showed similar fractlonation properties. 
Following testing,.fractions containing activity were pooled 
and protein concentrations were determined.    It was noticed 
that 2-3 fractions within the initial peak elutlng from G-200 
contained sufficient turbid material to Interfere with absorbance 
measurements.    This material could be removed by centrifugation 
20,000 X g with no detectable loss in serologlcal activity. 
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In all  cases,  detectable serologlcal activity was 
localized in a peak containing 17-27% of the protein present 
in  the   (NH^),  SO4 purified material added to the column, 
regardless of whether  the gel was  equilibrated  In Trls buffer 
alone or in Tris-buffered saline.     SAFA curves were obtained 
using normal and  immune serum diluted 1:5. 

Antigenic fractions obtained  from G-200 were studied  for 
fractlonation properties on agarose as follows:    An Infected 
monkey with a terminal parasltemia of 71.53! was exsanguinated 
and the lysate prepared as described previously.     Following 
precipitation with   (Nlfy^  SO4,   10.9 ml of antigen were obtained 
with a protein concentration of  10.7 mg/ml.     Five ml of  this 
solution (S3 mg) were fractionated on a 2.5 X 87 cm Sephadex 
G-200 column equilibrated in Tris-sallne.    After collection 
and pooling of the active fractions and centrifugation at 
20,000 X g - 1 hr,  the preparation had a concentration of 370 Mg/ml 
in a total volume of 53 ml.     Five ml  (1.85 mg) of this preparation 
were then loaded on Sepharose 6B column of dimensions 2.5 X 38 cm. 
The  gel had been previously equilibrated with Tris-sallne 
and had been calibrated with a solution of Blue dextran 2000 
purified with Sepharose 6B to contain only material of a 
molecular weight above the upper fractlonation limit of this 
gel.    A flow rate of 1C ml/hr was maintained and 1 ml fractions 
were collected.    Measurements of absorbance at 280 nm were 
performed, and each fractlo'   was tested undiluted for SAFA 
reactivity and at a dilution of 1:5 for 1HA response.    All 
antigenic material was present in the initial peak of protein, 
corresponding to material voided by the gel. 

Repetitive freeze-thaw was found to be an effective means 
for the initial isolation of serologlcal antigens at 23,000 X g. 
These observations are in agreement with earlier results using 
lysates obtained from chimpanzee blood.    It was additionally 
determined that disruption effected by gentle lysis with the 
French pressure cell gave similar antigenic preparations. 
Lysates prepared using the French cell were of slightly 
larger volume, due to the more compact nature of the pellet. 
This effect was Judged due to the much smaller erythrocyte 
membrane fragments present following French cell treatment. 
The shearing forces present at the orifice of the French cell 
apparently vleld simultaneous fragmentation of the erythrocyte 
membranes at several points.     By contrast,  the pellet following 
centrifugation of the freeze-thaw isolated lysate contained a 
dense area of free parasites and a few unlysed erythrocytec 
overlaid with an amorp'aous stroma layer.    This amorphous 
layer was composed of large erythrocyte "ghosts."    Based on 
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serologlcal activities,   It was  concluded that either method  of 
antigen Isolation was suitable  for  Initial solublHzatlon of 
reactive components. 

The degree of variation observed   (Table  1)   In SAFA 
activity of preparations  obtained  from different  animals 
show no obvious relationship  to parasltemlas observed  In  the 
animal at  the  time of sacrifice.     It  is possible that  the 
serologlcal activity measured   in  the SAFA test  Is produced  at 
some discrete stage in the  life  cycle of  the plasmodlum.     The 
somewhat  asynchronous nature of  this  infection  is compatible 
with  this hypothesis. 

Following the  initial  studies,   the  IHA test was  incorporated 
as  an additional means of assaying antigenic activity.     The 
additional sensitivity available using this simple test,  as 
well as the relatively small amounts of antigen necessary and 
the desirability of assaying  the  reactive material using  two 
Independent and w'dcly used  tests   for malaria antibody, 
Influenced  this decision. 

The finding that both SAFA and  IHA activities were  Insoluble 
in  concentrations of  (Nil^  SO^  above 50%  (2.67 M)  at  0 C 
(Fig.   1)   confirmed  thr  use of  62%  (.mii)2 SO4 as a valid  salt 
concentration for  initial  removal of host hemoglobin.     SAFA 
and  IHA values of  Fig.   1 are not  corrected for volume 
differences  in the re-dissolved pellets;   these differences 
became significant only when concentrations of salt  (>67%)  of 
sufficient size were used  to bring down the host hemoglobin. 
If   the assumption  that serologlc  activity is diluted 
proportionately with volume  changes and  the values obtained above 
(NH4)2  SO4 are cirrected  for volume differences,  the serologlcal 
values still do not approach those measured at the lower salt 
concentrations. 

The findings reported following Sephadex G-200 molecular 
sieve chromatography indicate Chat the reactive elements 
fractionate in or near the upper exclusion limit of this gel. 
No obvious differences in molecular size could be detected  using 
pools composed of lysates obtained from different donor animals. 

Comparison of the reactivity of the different antigen 
preparations  following  (NH4/2  SO4 purification and Sephadex 
G-200 chromatography indicate similar behavior over a variety 
of dilutions In both tests.    The SAFA reactivity of both 
preparations was found to be comparable at several dilutions- 
Similarly, both preparations gave a maximum titer in the IHA 
test over a wide range of concentrations of antigen.     The G-200 
purified antigen gave a higher maximum titer with the hyperimmune 
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pool than did the antigen which had been purified only with 
(NH4)2  SO4.    This  finding indicates  that one or more oi  the 
lower molecular weight components removed by G-200 gel 
filtration may partially Inhibit  the sensitization step with 
the reactive elements of  the antigen,  probably dud to competition 
for available sites In the surface of  the glutaraldehyde- 
preserved erythrocytes. 

The  coupling of salt  fractlonatlon with molecular sieve 
chromatography gives rise  to material which has been markedly 
purified with respect  to protein concentration.    The  (NH^)2   SO4 
tractlonatlon normally precipitates  around 5-10% of   the protein, 
and of that material,  15-20%  of   the protein normally appears 
in  the void  volume region of  dextran chromatography.    More praclse 
estimates  concerning the actual  degree  of purification await 
studies designed  to elucidate protein  content of the antigenic 
material. 

The  results of the Sepharose 6B study,  if substantiated, 
indicate  that all antigen LC  reactive  in  the  two  tests errployed 
in  these  preparations is  composed of very high molecular weight 
components.     The upper exclusion limit  of Sephadex G-200  is 
approximately 800,000 for globular proteins.     The consistent 
findings  of all serological  activity  in or near the  void volume 
following G-200 gel filtration- imply  that all antigens detected 
in  the  tests described were of  a minimum molecular weight of 
800,000.     Furtntrmore,   the preliminary  result observed using 
material  from one animal,   if  determined  to be representative. 
Imply the  reactive components   to be at  or near the upper 
exclusion limit of Sepharose  6B as well.    The upper exclusion 
limit for Sepharose 6B is approximately -i X 10^ for globular 
proteins.     Regardless of the  final precise estimate of molecular 
weight,   it  is obvious that  the  reactive serological antigens 
obtained  in this study are uniformly of at least 800,000 
molecular weight. 

Investigations designed to elucidate some of the chemical 
and biological properties of this partially purified material 
are currently under way.    Considering Che methods used for lysis 
and the number of Intact troph^zoites seen In these preparations 
following centrifugation, it  lu presumed that a major part of 
the reactive material present  in these lysates originates either 
In the erythrocyte cytoplasm outside of the parasite itself,   or 
else comes from stages of the parasite which are sufficiently 
fragile to be disrupted by the lytic process, with concomitant 
release of serologically detectable material. 
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The finding that the reactive material or materials are 
of such high molecular weight  (>800,000) may Indicate a 
spontanecus aggregation of smaller reactive molecules has 
occurred during the preparative procedure.     Studies are 
curr ntly under way to investigate If dlsaggregatlon into 
smaller molecules without concomitant losses In the chemical 
and physical  properties of  this material  Is  possible. 
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23. (U) Chenotherapeutlc agents particularly antiimlarlal drugs will be examined for 
their metabolic interaction with the biological environment.   The mchaniam of action 
of each drug against the malarial parasite will be biochemically defined. 

24. (U) Plaancdiun cpeciaa in various animal hosts will be used to test ocganiams to 
evaluate Intermediary metabolin of the parasite, and the responses of the host to the 
antlmalarial agent under study.   Analytical definitions of the chanotherapeutic agent 
and its distribution in biological tissues are studied.   Synthesis of inportant meta- 
bolites will be done. 

25. (U) 71 07 - 72 06 Studies on the effects of iron and chloroqulne en primates namely 
the rhesus monkey infected with P. knowlesi and the owl monkey infected with P. falci- 
parum (Malayan Canp strain) have indicated a marked reduction in parasitenia sinv lar 
to that observed in P. berghei infected ndoe.    Iron had no affect on the Inhibitory 
action in the case of chlaroquine resistant P. berghei.   En the hamster infected with 
P. berghei the following significant biochamlcal changes have been docunented: 1) a 
significant hyperlipidaida involving all major aensn lipid fractions» 2) altered 
thyroid physiology evidenced by a marked increased uptake of 1-131) 3) increased red 
blood cell tOP oonxmitant with a reduction in 2,3-EPG tissue cells.   Diaminodiphetyl- 
dulfone has no measurable effect upon serum amino acids.   Methodology has bean 
developed to moasute MR 33063 and applied to sexun fron infected humans,   beweis of 
this drug are maximal at 6 hours and diminiah to their lowest lewis after 24 hours. 
Methods are being developed for application to r*-h«r aoqperimental drugs.   For technical 
report, see the Vfclter Reed Any Institute of Research Annual Progress Reports, 1 July 
1971 - 30 June 1972. 
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Project 3A663713D829   MALARIA PROPHYLAXIS 

Task 00   Malaria Investigation 

Work Unit 108   Biochemical effects and mechanisms of action of 
chemotherapeutlc agents. 

Investigators. 
Principal:    COL Charles R. Angel, MSC 
Associate:    Betty J. Boone, PhD; Edmund S. Copeland, PhD; 

Seymour Garson, PhD; Robert T. Lofberg, PhD; 
Benjamin Mehlman, M.S.; Patrick M. L. Slu. PhD. 

Description. 

The objective of this work unit Is to examine the metabolic 
Interaction of chemotherapeutlc agents, In particular antlmalarlal 
drugs, with the biological environment.   Method development 
Is a necessary part of the work unit In order to measure newly 
developed agents In physiological fluids.   Studies undertaken 
during the reporting period subdivide themselves Into 1) biological 
studies and 2} analytical chemistry methodology development. 

Progress. 

1.   Biological studies 

a.   Effect of Iron and Chloroqulne on the growth and 
multiplication of the Hal an a pamittis. P. knowl^l and P. falclparum. 

"In vivo" studies with rhesus monkeys Infected with 
P. falclparum (Malayan Camp strain) and the owl monkey Infected 
with P. knowlesl produce Inhibition of parasltemla when treated 
with Tron and chloroqulne similar to that observed In mice Infected 
with P. berghel.   The degree of Inhibition by Iron and chloroqulne 
was greater In monkeys than In mice.    Iron has similar effects 
In both the chloroqulne sensitive and chloroqulne reslstent 
strains of P. berghel.   Chloroqulne, however, had no effect 
on Iron Inhibition In chloroqulne resistant strains of P. berghel. 

tissue culture 
amino acids. 

Exoerythrocytlc stages of Plasmodlum fallax grown In 
Changes in extracellular and intraceiluiar free 

< 

Althoug! prolonged survival and abundant growth of exoery- 
throcytlc malarial forms have been achieved In tissue culture, 
little Is known of their metabolism or metabolic requirements. 
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Yet, 1t Is gp.nerally recognized that such Information may serve 
as the basis for a rational approach to the chemoprophylaxls 
of malaria. 

In the present study, second subcultures of embryonic 
turkey brain Inoculated with exoerythrocytlc stages of an avlan 
malarial parasite, P. fall ax., were terminated after 48 hours. 
During this IntervaT, a FTse In parasitemla from approximately 
S0% to 85% was acompanled by a striking reduction In the frae 
amlno acid pool of Infected cells as compared to that of non- 
Infected cells.   The Intracellular concentrations of all measurable 
amlno acids, with the exception of lyslne, decreased with progressive 
Infection.   The most significant reductions were recorded for 
glutamlne (71%) and methlonlne (56%).   Analyses of the cell-free 
parasites (merozoltes) revealed that glutamlne and methlonlne 
wre present In the lowest concentrations, whereas those found 
in the highest concentrations were glutamlc acid, alanlne and 
serlne. 

Comparative analyses of the media In which parasitized 
or non-parasitized cells were Incubated showed several quantitative 
differences.   The most significant of these was a large reduction 
In the glutamlne content of the Infected medium accompanied by 
a marked elevation In glutamlc acid concentration.   Reductions 
In levels of leuclne and Isoleuclne were also noted In the Infected 
medium. 

Since the parasites must synthesize protein at a rate 
commensurate with their rapid Increase In size and number, the 
present data are thought to provide some Insight regarding pertinent 
free amlno acid requirements, seme of which are comparable to 
those reported for the erythrocytlc stages. 

This study undertaken In collaboration with personnel 
of the Naval Medical Research Institute has been completed and 
a manuscript prepared for publication. 

c.    Serum llplds In Plasmodlum berghel-Infected hamsters. 

Concentrations of serum llplds and llpoprotelns In 
P. berghel Infected hamsters were markedly altered In the course 
of Infection.   Early changes Included a significant Increase 
In free fatty adds and a transient reduction In levels of total 
cholesterol, phosphollplds and alpha-llpoprotelns.   The latter 
findings probably reflect Increased metabolic requirements Imposed 
by activation of the retlculoendothellal system and subsequent 
stimulation of erythropoletlc mechanisms. 

i 
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A sustained mobilIzaclon of free fatty acids from adipose 
tissue was accompanied by a steady rise In endogenous trlglycerlde 
concentrations.   This marked the onset of a profound hyperllpldemla 
during the second week of Infection, which ultimately Involved 
all of the serum lipld fractions.   A prominent Increase In prebeta- 
lipoprotelns, and a significant, although less pronounced, rise 
In beta-llpoprotelns also occurred.    Similar findings pertaining 
to a mixed hyperllpoprotelnemla have been described In the nephrotlc 
syndrome.   The data Indicate that hyperllpldemla In the Infected 
hamsters Is primarily a consequence of Increased hepatic llpoproteln 
synthesis: however, a reduced clearance of serum llplds may 
also be Involved. 

d. Ancillary observations on duration of Infection and 
immunity In experlmfntal malaria.     "~"     ~~   " 

Cumulative data on the course of P^. berqhel Infection 
in different groups of hamsters over prolonged periods revealed 
that most fatalities occured between 14 and 23 days after Inoculation. 
Variable numbers of survivors generally showed a progressive 
reduction in parasitemla, a concomitant elevation 1n hematocrit 
values and a gradual abatement of overt illness.   These animals, 
with few exceptions, appeared to recover completely from their 
infections as indicated by negative blood examinations usually 
beginning in the sixth week after Inoculation.    However, recent 
observations involving sub-Inoculations into mice have revealed 
the persistence of latent Infections in hamsters up to seven 
months subsequent to inoculation, whereas complete eradication 
of the infection was first evident in the eighth month.   During 
these periods of latency and spontaneous cure, it was subsequently 
found that the hamsters were highly refractory to homologous 
superinfection.   Tentative Indications are that acquired Immunity 
to P_. berghei in the hamster is not due entirely to premunition. 

e. Thyroid function in experimental malaria. 

Malarial Infections of primates and rodents present 
a panoply of complications, both functional and morphological, 
some of which may reflect endocrine involvement.   The present 
study was undertaken to evaluate the impact of P. berghei infection 
on thyroid physiology in hamsters.   Various IndTces or thyrometabolic 
status have been includted at intervals of 7, 14 and 21 days 
in the course of the Infection.    Initial observations based 
on a comparison of infected and non-infected animals indicate 
that:   1) total body disappearance of parenterally adnlnistered 
I'31 was significantly prolonged as the infection progresses 
(t 1/2 on day 21:    10 hours for controls vs 35 hours for infected; 

12 iO 



2) thjroidal uptake of I131 was significantly Increased at all 
time periods studied; and 3] the percentage of administered 
I13' In the blood of Infected animals was increased, while protein 
bound I'3' was decreased, which suggests a reduced binding capacity. 
A study of I131 thyroxlne metabolism with special reference 
to clearance rates and organ distribution Is currently in progress. 
This project Is near completion. 

f.   Red cell organic phosphate levels In experimental malaria. 

Tissue anoxia appears to play a prominent role In the 
pathogenesls of malaria.   Although critical changes In local 
blood circulation are thought to be the essential cause of poor 
tissue oxygenatlon, other potential factors have not been adequately 
explored.    In this regard. It Is presently known that oxygen 
transport Is markedly Influenced by red cell concentrations 
of 2,3-dlphosphoglycerate (DPG) and ATP.    It has been demonstrated 
that the affinity of hemoglobin for oxygen varies Inversely 
with the Intracellular levels of these organic phosphates. 

The present data Indicate that ATP levels In hamster 
red cells were significantly Increased after Infection with 
P. berghel. whereas DPG concentrations were progressively reduced. 
The latter were lower than those anticipated on the basis of 
corresponding hemoglobin levels.    In part, these findings may 
reflect a concomitant Influx of retlculocytes In which ATP levels 
are known to be considerably higher and DPG levels lower than 
those of mature red cells.   However, a significant reduction 
In blood pH, as presently observed In the course of Infection, 
and the consequent activation of DPG phosphatase would also 
result In lowered DPG levels.   Since the higher levels of ATP 
In Infected red cells may balance the lower levels of DPG In 
terms of oxygen dissociation properties of the cell, the pathologic 
Implications of these findings remain uncertain. 

2.   Analytical Chemistry Methodology Development 

Synthesis of four qulnollne methanols having an a (dl n 
butyl amlno methyl) side chain and various substltutents In 
the 6 position has been completed.    If the substltuent In the 
6 position contained an electron withdrawing group, then the 
compound was biologically active.   However, all the active compounds 
were also phototoxlc. 

Mechanistic studies on the qulnollne methanols to study 
the phototoxlc effect have been initiated by examining the triplet 
state with ESR spectroscopy.   There Is strong evidence that 

1241 



1 
hydrogen atoms are one of the primary photolytlc products formed 
during decay from the triplet state.   This work Is continuing 
In collaboration with Dr. George Yang, Food and Drug Administration. 

During the reporting period, extensive development has 
been accomplished to permit determination of experimental malarial 
drugs In human serum.    Gas liquid chromatography has been selected 
as the method of choice because of Us sensitivity and specificity. 
The first method was developed for WR33063.   Compounds of the 
33063 type have low volatility necessitating the formation of 
sllyl derivatives.   The final procedure entails deprotelnlzatlon 
followed by extraction with ethylene dlchlorlde.   After removal 
of the ethylene dlchlorlde and derlvatlzatlon, the material Is 
separated on an 0V-1 column and measured In an electron capture 
detector.   Average recovery from serum was 74 ± 4%. 

The results of analysis of serum samples showed the presence 
of WR33063 maximally after 6 hours with a sharp decline after 
24 hours.    Individual variations In serum levels were striking. 

Summary and Conclusions. 

The work unit during the reporting period has been concerned 
with biological efforts and analytical chemistry.   The biological 
studies have centered around the effect of Iron and chloroqulne 
on parasltemla In Infected monkeys.   The P. berghel Infected hamster 
has been systematically studied.   IntraceTlular and extracellular 
amlno acid pools have been defined In tissue culture employing 
P. fall ax.   A method has been developed for WR33063 and applied 
to human serum samples. 
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23. (U) To define epldemlologlc and entomologlc variables which Influence the preva- 
lence of chloroqulne resistant malaria.   To evaluate jn vitro models for determining 
chloroqulne sensitivity of P. falclparum.   To evaluate alternative treatments for drugs 
resistant malaria. 

24. (U) Longitudinal epldemlologlc and entomologlc studies of malaria transmission 
were conducted In Central Thailand.   In vitro drug sensitivity models were evaluated 
for reliability In Southern Thailand.   Alternative treatments were evaluated 1n Central 
and Southeastern Thailand.   Vector populations and climatic conditions are being 
longitudinally monitored at study sites. 

25. (U) 71 07 - 72 06 An. balabacensls Is still the primary vector In malarious areas 
under study.   The In vllfo models appear to be very reliable for detection of chloro- 
qulne resistance. T combination of quinine and tetracycllne Is highly effective for 
control of symptoms and radical cure of falclparum malaria.    For technical reports see 
UaU*'- Reed Army Institute of Research Annual Progress Report, 1 July 71 - 30 Jun 72. 
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Mlnocycllne and Tetracycline Treatment of Acute Falclparum 
Malaria In Thailand 

Principal Investigator: Edward J. Colwell, LTC, MC 

Associate Investigators: Robert L. Hlckman, MAJ, VC 
Ravlvan Intraurasert, MD 
Chaiard Tlrabutana, MD 

OBJECTIVE:    Recent Investigations of both natural and experimentally 
Induced falclparum malaria In man have shown that tetracycline Is highly 
effective In terminating Infectious of chloroqulne resistant strains of 
this parasite.   However, Its relatively delayed onset of action and pro- 
longed course of administration limit its value as a suitable antlmalarlal 
agent. 

Mlnocycllne(7-dlmethylamlno-6-demethyl-6-deoxytetracycllne) is 
a new synthetic addition to the tetracycline family of antibiotics.   Its 
preparation, structure and some of its properties have been reported by 
Martell and Booth(lSC7).   Preliminary investigations of this new analogue 
have shown that mlnocycllne is more potent and has a broader antibact- 
erial spectrum than tetracycline.   The purpose of our studies was to eval- 
uate the therapeutic efficacy of mlnocycllne in acutely 111 subjects naturally 
Infected with Plasmodlum falclparum. 

DESCRIPTION:   The study was conducted at Prapokklao Hospital in the 
capital city of Chantaburi Province, which is located approximately 300 km 
southeast of Bangkok and 10 km north of the Gulf of Thailand.   This area 
was selected because of the occurrence of year round transmission of 
falclparum malaria.   During 1970, over 3,000 patients with confirmed P. 
falclparum  infections were treated and followed on the wards or in the out- 
patient department.   Personal observations of the staff physicians indicated 
that radical cures of P. falclparum infections following conventional doses 
of chloroqulne were Infrequent.   Moreover, chloroqulne resistant strains of 
P.falclparum  are highly endemic in Trat Province which is only 35 km east 
of Chantaburi City. 

Acutely ill male subjects, aged 14-60 years, Infected with P.falclparum 
were considered for study.   Those with renal or cerebral complications and 
those with a history of antlmalarlal drug intake during the preceding 7 days 
were excluded.   Selected subjects were alternately assigned to one of 2 
treatment groups.   Individuals In one group were given 640 mg of quinine 
sulfate, thrice dally for 3 days, followed by 100 mg of oral mlnocycllne 
twice dally for 7 days.   Those In the other treatment group were administered 
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a similar course of quinine followed by 250 mg of tetracycline,4 times 
dally for 1U days.   Control of Initial symptoms with quinine was indicated 
because of the relatively delayed onset of action of tetracycline.   Seven 
subjects in the qulnine-mlnocycline{QM) group and 8 in the quinine- 
tetacycline(OT) group were initially hospitalized for 6-8 days.   The others 
were treated and followed on an outpatiunt   basis. 

During the treatment phase, all subjects were examined daily for 
clinical manifestations and appropriate medications were dispensed. Blood 
smear examinations in subjects among both treatment groups were performed 
daily for the first tendays and then at weekly Intervals for the next 3 weeks. 
When subjects were available, blood smears were also obtained 2 months 
after commencement of therapy.   Quantification of asexual and sexual 
parasltemias was performed by the method of Earle and Perez(1932).   Serum 
specimens for determinations of bilirubln, and alkaline phosphatase and 
glutamate-oxaloacetate transaminase activities were obtained before treat- 
ment, and on the 10th and 31st days of observation. 

PROGRESS:   Twenty-nine subjects were chosen for the QM regimen. Treat- 
ment and follow-up examinations were successfully completed in 28, aged 
15 to 50 years(mean 25.2).   Asexual parasltemias among Individuals In the 
QM group upon admission to the study ranged from 390 to 90,650 per cmm 
with a geometric, mean of 8,670 per cmm.   Of 33 subjects chosen for the 
QT regimen, treatment and follow-up examinations were successfully com- 
pleted in 29, whose ages ranged from 14 to 57 years (mean 31.7).   The 
levels of asexual parasltemias in subjects of the QT treatment group at the 
onset of study ranged from 425 to 238,700 per cmm with a geometric mean 
of 14,170 per cmm. 

Table 1 shows the presumptive radical cure rates and the parasite 
clearance times obtained with both treatments.   The single subject   who 
experienced a treatment failure with the QM combination became symp- 
tomatic 24 days after commencement of therapy and exhibited asexual para- 
sites 3 days later.   Infections with P.vivax were observed on the 31st day 
of follow-up examination In 5 subjects treated with QT and in 3 treated with 
QM.   Sixteen and eight individuals in the QM and QT groups, respectively, 
were available for follow-up blood smear examinations 2 months after com- 
mencement of therapy.   No parasites of P.falciparuia were observed. 

None of the 28 subjects treated with QM and only 1 of 29 subjects 
treated with QT exhibited gametocytemia upon admission to the study and 
circulating gametocytes were observed during the follow-up perloH in 
specimens from 18 of the 57 subjects among both treatment groups.   The 
levels of sexual parasites were generally low In density and persisted for 
a period longer than 12 days in only 6 subjects of whom 4 were treated with 
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QM and 2 with QT. 

Dally doses of both tetracycllne and mlnocycllne were generally well 
tolerated.   Transient complaints of mild nausea, vomiting and weakness 
were occasionally observed during mlnocycllne treatment after clearance 
of patent parasltemla.   Abnormalities In one or more of the liver function 
tests possibly attributable to minocycline or tetracycllne were observed 
in 9 patients.   Six patients in the QM group and 3 patients in the QT group, 
who had normal pretreatment serum values, had an abnormal elevation in 
the serum transaminase and/or alkaline phosphatase tests on the 10th 
day of observation. These abnormalities were mild and were still demon- 
strable on the 31st day in 4 patients treated with QM, but in none treated 
with QT.   In 7 subjects among both treatment groups who had an abnormal 
liver function test(s) on the first day of observation, none exhibited sign- 
ficant Increases during the treatment and follow-up period. 

SUMMARY:  The purpose of this study was to evaluate the antimalarial 
action of a new tetracycllne analogue, mlnocycllne, which is more potent 
and has a broader antibacterial spectrum than tetracycllne.   The study was 
conducted in an endemic area for chloroquine resistant falclparum malaria. 
Acutely ill residents infected with P.falclparum were alternately assigned 
to 1 of 2 treatment groups.   Subjects in one group were given 540 mg of 
quinine base, thrice dally for 3 days followed by 100 mg of minocycline, 
twice dally for 7 days.   Subjects in the other group were given a similar 
course of quinine followed by 250 mg of tetracycllne, 4 times daily for 10 
days.   Presumptive radical cures were achieved in all 29 patients treated 
with quinine-tetracycline and in 27 of 28 treated with quinlne-mlnocycllne. 
No significant toxic side effects were observed.   Although both treatments 
were highly effective, further studies are warranted to determine the optimal 
duration and dosage of minocycline and Its potential human toxlcity. 
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Tablo I 

Presumptive radical cure rates and mean parasite cleaiur.ce times 

with 2 treatments of acute   falciparum malaria 

Treatment No.subjects    %cure    Mean parasite clearance 

Ouinine-Tetracycline 29 100.0 

Quinlne-Minocycline 28 96.4 

3.0 

3.1 

See test for dosage. 
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Quinine-Tetracycllne and Quinine-Ractrlm Treatment of Acute 
Falclparum Malaria in Thailand 

Principal Investigator: Edward J. Colwell, LTC, MC 

Associate Investigators: Robert L. Hlckman, MAJ, VC 
Sanong Kosa^ol, MD 
Pung Phlntuyothln, MG, MC, RTA{ret.) 
Suphat Neopatimanond, MD 

OBJECTIVE:    Tetracycline and a combination of sulphamethoxazole and tri- 
methoprim have been shown to be highly effective in terminating infections 
with chloroquine resistant strains of Plasmodium falciparum.   Investigations 
by Rieckmann et 31.(1971), Clyde et al.(I971) and Colwell et al.(1972) have 
demonstrated that tetracycline treatment alone was sufficient to produce rad- 
ical cures of both experimentally and natarally acquired P.falciparum infect- 
ions in subjects who exhibited low density parasitemias and mild degrees of 
illness.   Benjapongs and as3oclate3(1970) reported that a combination of 
sulphamethoxazole-tfimethoprim(SeptrinR, Burroughs Wellcome and Co.), 
which was originally formulated for treatment of bacterial infections, effected 
radical cures of falclparum malaria In patients residing in an area highly en- 
demic for chloroquine resistant strains. 

However, the slow rate of these two alternative regimens, reflected 
by delayed clearances of patent parasitemla, does not permit their use for 
treatment of patients with moderate to severe degrees of illness.   Subse- 
quently, the efficacy of a combination of quinine and tetracycline was 
examined  in acutely 111 Thai patients residing in areas of chloroquine re- 
sistant falclparum malaria.   A preliminary subcurative course of quinine 
wss employed as an adjunctive agent for initial control of symptoms and 
parasltemia.   These Investigations showed that the quinlne-tetracycllne 
regimen was highly effective in controlling the symptoms and in produc- 
ing a radical cure of the infection.   A major disadvantage of this combina- 
tion treatment was the prolonged course of drug admlnlstratlon(l_.e. ,  13 
days).   The purpose of our Investigations was to examine the efficacy of 
shorter courses of these alternative regimens in patients with acute fal- 
ciparum malaria, with respect to onset of action, cure rate, cost and pat- 
ient acceptability. 

DESCRIPTION: The Investigations were initiated la 1971 during the summer 
peak of malaria transmission at Phrabuddhabat, Saraburi Province in Central 
Thailand.   When transmission subsided, the studies were relocated to Trat 

1250 



Province In Southeast Thailand.   Both areas are highly endemic for chlo- 
roqulne resistant strains of P.falciparum. 

Subjects considered for admission to the study were acutely 111 
patients, aged 12 to 60 years, with single P.falciparum  infections. Those 
with a history of antimalarlal drug intake during the preceding four days 
and those with evidence of renal and cerebral complications were excluded. 
Selected subjects were assigned to one of tv/o treatment groups and the 
drug combinations were concurrently initiated on the first day of observation. 
Subjects assigned to one group were given 540 mg of quinine base, orally, 
every eight hours for only one day and 250 n;g of tetracycllne, orally, every 
six hours for seven days.   Subjects assigned to the other treatment group 
were administered a similar course of quinine and two tablets of sulphametho- 
xazole-trlmethoprim(Bactr!m, Roche Co.) every 12 hours for five days.   Each 
tablet of Bactrim contains 400 mg of a long acting sulfonamide, sulphametho- 
xazole, and 80 mg of a folate antagonist, trimethoprlm. 

Blood smear examinations were obtained daily for the first seven days 
and at weekly Intervals for the next three weeks.   When patients were avail- 
able, blood smears were also obtained two months after commencement of 
therapy.   The method of Earle and Perez(1932) was employed for quantifica- 
tion of asexual and sexual forms of P.falciparum.   A radical cure was pre- 
sumed if asexual parasitemia cleared during the first week and follow-up 
blood smear examinations remained negative for asexual parasites during 
the next three weeks. 

More than 90% of the patients were hospitalized during the treatment 
period and they were examined daily during this period for clinical mani- 
festations and dispensation of medications.   The few non-hospitalized 
subjects were also examined daily during the treatment period, either at 
the outpatient department or at home visitation.   There were no differences 
between the treatment groups which might lead to differences in re-exposure 
to malaria infections during the follow-up period. 

PROGRESS:    Forty-one subjects residing at both locations were chosen for 
the quinine-tetracycline(QT) regimen.   Treatment and follow-up examina- 
tions were successfully completed In 32.   Thirty-nine subjects at both 
locations were chosen for the quinine-Bactrlm(QB) regimen, and treatment 
and follow-up examinations were completed in 31. 

Tables 1 and 2 show the age, sex and pretreatment levels of patent 
asexual parasltemie among patients of both groups in whom examinations 
were completed.   There were 22 males and  10 females, ranging in age 
from 12 to 44 years(mean 24.1) in the QT group.   The levels of asexual 
parasites in this group ranged from 1,200 to 192,700 per mm   with a 

1251 



r 
0 

geometric mean of 21,190 per mm  .   In the QB group, there were 22 males 
and 9 females, ranging in age from 12 to 54 years (mean 26.2).   The pre- 
treatment levels of asexual parasites ranged from 1,100 to 414,480 per 
mm^wlth a geometric mean of 18,480 per mm"'. 

The clinical and asexual parasite responses among subjects in both 
treatment groups are summarized in table 3.     Presumptive radical cures 
were demonstrated in 84% of 32 subjects treated with QT and In 81% of 31 
patients administered the QB regimen.   These rates are not significantly 
different.   The mean clearance times for fever in both groups wire similar 
and almost as rapid as the fever clearance times for chloroquine and quin- 
ine treatment of susceptible strains of P.falciparum.  However, the mean 
clearance of asexual parasitemia in the QT group was significantly longer 
In comparison with the mean clearance of patent parasitemia in the QB 
group.   The latter clearance compares favorably with asexual parasite 
clearances ohderved with chloroquine and quinine treatment of susceptible 
strains.   Blood smears were also obtained two months after commence- 
ment of therapy in 17 patients given QT and in 20 given QB.   Only two of 
these patients, treated with QT, exhibited asexual parasites of P.falciparum 
at this time. 

Circulating gametocytes were never observed in 16 of 52 patients who 
demonstrated presumptive radical cures.   In addition, gametocytemias were 
low in density and transient in durationd.e., less than 8 days) in 27 of the 
remaining 36 patients.   These observations could reflect an inhibition or 
reduction of gametocyte production by early institution of the QT and QB 
treatments.   The latter phenomenon has also been reported with the early 
administration {i.e., within first week of patent asexual parasitemia) of 
chloroqulnine and quinine for susceptible strains of P.falciparum.    High 
levels of circulating gametocytes which persisted for longer than 2 weeks 
were observed in 9 successfully treated patients of whom 5 and 4 were 
given the QT and QB regimens, respectively. 

With regard to cost and patient acceptibllity, the QT regimen ap- 
pears to be superior to the QB regimen.   The cost of the latter treatment 
was thrice that of the QT treatment.   Although no serious toxic reactions 
were observed with either regimen, nausea and vomiting were observed 
more frequently during the treatment period among patients given the QB 
combination regimen. 

SUMMARY:   Two antimalarial treatments were assessed for onset of action, 
cure rate, cost and patient acceptibillty.   Thirty-two subjects were given 
a quinine-tetracycllne(QT) combinntion consisting of 540 mg of quinine 
base every eight hours for only ona day and, concurrently, 250 mg of tetra- 
cycline, four times daily for 7 days.   Thirty-one patients were given a 
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qulnlne-Bactrim(QB) combination consisting of a similar course of quinine 
and, concurrently, 2 tablets of Bactrim every 12 hours for 5 days.   Each 
tablet of Bactrim contains 400 mg of sulphamethoxazole and 80 mg of tri- 
methoprlm. 

Presumptive radical cures were demonstrated in 84% treated with 
QT and in 81% given the QB regimen.   All patients exhibited initial clear- 
ance of fever and asexual parasites.   The mean fever clearance times in 
both groups were similar and almost as rapid as that observed with chlo- 
roqulne and quinine treatment of susceptible P.falciparum strains. How- 
ever, the mean clearance of asexual parasitemia in the QT group was 
significantly delayed (4,0 vs 3.0 days) in comparison with the mean clear- 
ance of the QB group.   Neither treatment appeared to exert a gametocytocidql 
effect. 

With regard to cost and patient acceptlbility, the QT regimen was 
superior to the QB regimen.   The latter costs thrice as much as the QT 
regimen.   Although no serious toxic side effects were observed, nausea 
and vomiting were more frequently observed in the QB group. 

i 

i 
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Table 1 

Pretreatment observations In subjects administered qulnine-tetracycllne 

Age(years) 

12 Female 
36 Male 
38 Female 
26 Male 
25 Female 
19 Male 
14 Female 
36 Male 
16 Female 
25 Male 
15 Male 
14 Male 
31 Female 
15 Female 
17 Male 
16 Male 
23 Male 
25 Male 
18 Male 
20 Male 
18 Female 
42 Male 
14 Male 
43 Male 
27 Male 
20 Male 
17 Male 
14 Male 
18 Female 
38 Male 
44 Fema le 
34 Male 

Asexual parasite count (per mm ) 

192,720 
191,400 
189,000 
159,250 
101,400 
81,900 
79,170 
69,960 
61,160 
51,320 
50,600 
47,860 
37,100 
28,G20 
24,000 
21,800 
20,520 
19,800 
17,180 
14,760 
13,560 
13,220 
11,200 
8,820 
8,820 
6,600 
4,640 
2,540 
2,460 
2,440 
1,410 
1,200 ] 

Simultaneous initiation of quinine(540 mg every 8 hours for 1 day) and 

tetracycllne (2 50 mg every 6 hours for 7 days). 
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Table 2 

p 
Pretreatment observations in subjects administered quinine-Bactrim 

12 Male 414,480 
45 Male 251,700 
12 Male 127,600 
15 Female 80,100 
16 Male 67,160 
52 Female 52,860 
41 Male 51,280 
12 Female 50,600 
14 Female 47,160 
19 Female 33,360 
50 Male 31,040 
14 Male 28,440 
49 Male 22,720 
15 Female 21,600 
17 Male 21,040 
16 Male 20,350 
14 Male 16,360 
23 Male 12,360 
45 Male 11,860 
54 Male 10,860 
24 Male 10,640 
19 Male 10,590 
32 Male 9,720 
27 Male 7,120 
23 Male 6,880 
18 Male 5,300 
19 Female 4,320 
18 Female 3,300 
27 Male 2,920 
33 Male 1,940 
34 Female 1,100 

Sumultanecus initiation of quinine(540 mg every 8 hours for 1 day)   and 

R, 
Bactrlm (2 tablets every 12 hours for 5 days). 
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Table 3. 

Clinical and asexual parasite response to quinine-tetracycline or quinlne- 

D 
Bactrlm  treatment of acute falciparum malaria. 

Treatment No. 
trea ted 

Radical cure Mean clearance time (Range) 
davs 

No. % Fever Asexual parasites 

Quinine-tetracy 
cline 

* 
Quinine-Bactrim 

32 

31 

27 

25 

84.3 

80.6 

2.4(1-6) 

2.7(1-6) 

4.0(1-7) 

3.0(1-5) 

Bactrlm (Roche Co.) is a combination tablet containing sulphamethoxa- 

zole (400 mg) and trimethoprim (80 mg). 
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Quinine Treatment of Acute Falciparum Malaria In Central Thailand 

Principal Investigator: 

Associate Investigators: 

Edward J. Colwell, LTC, MC 

Suphat Neoypatlmanondh, MD 
Robert L. Hickman, MAJ, VC 

OBJECTIVE:    Chloroqulne resistant falciparum malaria Is distributed 
throughout all of Thailand and. In areas of Intensive study, the majority 
of strains are resistant to conventional doses of chloroqulne. Consequently, 
the treatment of choice for many hospitalized patients with moderate to severe 
degrees of Plasmodlum falciparum infections is a  7 to 10 day course of 
quinine. In 1965, Plnswasdl and Charoenkwan observed an adult Thai male 
infected with P.falclparurit who was unresponsive to chloroqulne therapy 
and who exhibited a poor response to multiple courses of quinine administra- 
tion.   During the 12 months prior to our study, there have been several. Iso- 
lated, unconfirmed reports of patients who showed a poor or no response to 
quinine administration.   Because quinine is the treatment of choice for moder- 
ate to severe P.falciparum  infections at most provincial hospitals in Thailand, 
it was considered highly desirable to examine the quinine sensivlty of this 
parasite and attempt to confirm resistant strains. 

DESCRIPTION:  The investigation was conducted at Phrabuddhabat Hospital, 
Saraburl Province in Central Thailand, which was one of the locations for 
unconfirmed reports of quinine resistance.   This area has been shown to be 
highly endemic for chloroqulne resistant falciparum malaria.   Patients consid- 
ered for admission to the study were acutely ill males and females, aged 14 
to 60 years, exhibiting moderate to severe degrees of illness.   Those patients 
with a history of antlmalarial drug intake during the proceeding 3 days were 
excluded. 

Subjects so selected were hospitalized and given oral quinine, 540 
mg base, thrice daily for 7 to 10 days.   One patient presented with protracted 
emesls and was administered intravenous quinlne(1.62 gm base a day) for 
the first 4 days.   Blood smear examinations for quantification of asexual 
parasites were obtained dally during the treatment period and, subsequently, 
on the 17th, 24th and 31st days of observation. 

PROGRESS:  Thirty-three patients were selected for study.   There were 28 
ma.es and 5 females, ranging in age from 14 to 57 years of age (mean was 
26.5 years).   The pretreatment levels of asexual parasitemlas and the Intervals 
for asexual parasite clearance for these patients are shown in Table 1.   The 
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mean parasite clearance time for 31 subjects who showed initial clearing 
was 3.3 days(range 1 to 6 days).   Parasite clearances for the other 2 
patients were excluded from the mean computation because they expired 
during the early treatment period while still demonstrating patent parasltemia. 

Twelve of 30 patients remained available for prolonged follow-up 
examinations.   None showed a recrudescence. 

Three of the 33 subjects originally selected for study expired during 
the treatment period.   Two were males, aged 14 years(# 32 in Table 1) and 
57 years{# 31), who died on the 3rd and 4th day, respectively.   These two 
deaths were noted on early morning nursing rounds.   The exact time and 
manner of demise was unkncvn.   Postmortem examinations were not accom- 
plished.   Because these expiations occurred during the early treatment 
period, it is impossible to determine the major precipitating event; com- 
plication of the infection, Intercurrent illness or drug toxlcity.   The extremely 
high degrees of erythrocytlc parasitizatlon In these two subjects would ap- 
pear to Indicate that the more probable event was a complication of the in- 
fection 

The remaining patient who expired was a 57 year old wemen who was 
admitted with an asexual parasite count of 231,000 per cmm and no evidence 
or renal, hepatic or cerebral complications.   On the 9th treatment day at 
which time fever and patent parasltemia were absent, she experienced sudden 
death In the early evening hours.   Gross fingings at autopsy revealed only 
pulmonary congestion.   It Is our opinion that the most probable cause of death 
in this patient was a cardiotoxic event precipitated by quinine. 

SUMMARY:   Thirty-three Thai subjects acutely HI with falclparum malaria 
were given quinine treatment at a dally dose of 1.62 gm base for 7-10 days 
periods.   The mean parasite clearance time in 31 of 33 patients, who ex- 
hibited Initial clearing of asexual parasites, was 3.3 days.   Prolonged 
follow-up examinations were accomplished In 12 patients and none showed 
a recrudescence.   Three patients expired during the treatment period.   Quinine 
cardiotoxlclty was believed to be the cause of death in 1 of the 3 mortalities. 
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A Comparative Evaluation of Sulfalene-Trlmethoprlm and 
Fanasll-Pyrlmethamlne Against Falclparum Malaria In Thailand 

Principal Investigator: William Chin, MD 

Associate Investigators: David M. Bear, MD 
Edward J. Colwell, LTC, MC 
Sanong Kosakol 

OBJECTIVE:    Chloroqulne resistant falclparum malaria was first reported 
from Thailand in 1962.   Suosequent surveys performed In this country have 
indicated a rate ranging from 50-100%. 

Because of the problem of drug resistance and because the administra- 
tion of quinine to large numbers of patients In the field is operationally 
impractical, the need in Thailand for a simple and effective regimen against 
falclparum malaria is most \irr;(")t.   Presently, 2 sulfonamide combinations 
have the potential for meeting ti.,j critical need.   These are: 

1. Sulfalene-trimethoprim and 
2. Fanasll-pyrimethamine. 

The purpose of this study was to assess these 2 combinations against 
falclparum malaria in adult Thai males, with respect to rapidity of action, 
cure rate, and possible side effects, especially side effects in individuals 
deficient in erythrocytic glucose-6-phosphate dehydrogenase (G-6-PD) 
activity. 

DESCRIPTION:   Subjects for this evaluation were chosen from acutely ill 
individuals seeking treatment at the Trad Provincial Hospital located in 
Southeast Thailand.   Selected were adult males, 15 years of age or older, 
with a positive blood smear for falclparum malaria who, by history and 
physical examination, were found to be free of obvious evidence of renal, 
cerebral, or hepatic complications. 

Initial laboratory determinations consisted of hematocrit and leukocyte 
count.  A venous blood sample was obtained for the assessment of possible 
G6PD deficiency by the Hyland G-6-PD spot test.   Subjects were then 
alternately assigned to one of 2 treatment groups listed below. 

Treatment I:        S-T (Sulfalene 1 gm and trimethoprim 0.5 gm). 
Treatment II:       F-P (Fanasil 1 gm and pyrlmethamlne 0.050 gm). 

Following treatment, patients were admitted to the medical ward 
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where they were observed initially for vomiting and, when required, 
given supportive care. 

As patients became asymptomatic they were discharged after at 
least 3 consecutive days of negative blood smears. 

Hematocrits, leukocyte counts, and thick-thin blood smears were 
taken at least daily during the patlents's hospitalization and weekly there- 
after on days 7, 14,21 and 28 following discharge.(The day of treatment 
was designated day 0).   The smears were treated with Glemsa stain.   Para- 
sites per cmm were calculated by multiplying the number of parasites per 
100 WBC by the factor obtained from each patlents's white blood(WBC) 
count taken on the same day. (Factcr=WBC/cmm of blood f 100)   If 5 minutes 
of examination failed to disclose parasites, a smear was considered negative. 

In this study, cure was defined as the clearance of patent asexual para- 
sitemia by day 7 with no recrudescence during the remaining weekly follow- 
up examinations to day 28.   Failure was the lack of clearance of patent 
parasitemla by day 7 or reappearance of patent asexual forms during any of 
the weekly follow-up examinations after initial clearance. 

PROGRESS:   Eighty-eight patients were selected for inclusion in the study. 
Adequate history from 75 of the patients Indicated that 73% took some anti- 
malarlals prior to their hospital admission.   The medication most frequently 
utilized was chloroquine, although occasionally intramuscular quinine had 
been administered. 

More than 90% of the subjects had been ill for an average of 6 days 
prior to hospital admission.   Fewer than 10% stated that they had come to 
the hospital on the first day of illness or that they had been ill for greater 
than one month.   Approximately 60% of the patients had a history of one or 
more malaria infections. 

The subjects were divided on an alternating basis into 2 groups.   S-T 
was given to 45 cases and F-P given to the other 43.   The pre-treatment 
observations of the 2 groups were quite comparable with respect to age, 
weight and initial parasite density(Table 1), 

The results of the immediate response to treatment are summarized in 
table 2.   The results observed in the 2 groups were again comparable.   There 
war> one case in each of the treatment groups in which patent parasitemla was 
not cleared within 7 days. 

Follow-up for one month was possible in 65 of the 88 cases.   The results 
of these 65 cases are summarized in Table 3.   Although the F-P regimen 
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produced a better cure rate than that of S-T, the difference was not 
significant, the Chi square value for the observed differences being only 
0 .2 61.   In the cases of delayed treatment failure, patent parasltemla was 
cleared initially within 2-4 days In J. S-T treated individuals and within 
6-7 days In 2 cases given F-P. 

The WPC count and hematocrlt values of all subjects were within 
the usual range found in patients with Malaria.   The lowest WBC count, 
1,320/cmm, was recorded on day 21 from one case given F-P treatment. 
This individuals's WBC count rcse to 7,700/cmm on day 28. 

G-6-PD deficiency was found in 11(12.5%) of the 88 subjects.   Com- 
parison of the post-treatment hematocrlt values of these 11 individuals 
with the other subjects disclosed no detectable differences. 

The effect of treatment of gametocytemia in 63 of the cases observed 
' ,r 28 days is shown in table 4.    In both treatment groups,   gametocytes 
usually developed approximately 6 days after treatment.   In general, game- 
tocyte densities were found to be less than 1,000/cmm.   In one exceptional 
case, a maximal density of 18,778/cmm was observed 7 days after treatment 
with F-P. 

Two patients given S-T vomited soon after treatment.   The other subjects 
in both groups tolerated the medications well, and no adverse side reactions 
were observed. 

SUMMARY:   In areas of the world where chloroqulne resistant falclparum 
malaria is a significant problem.long-acting sulf >namide combinations 
have a definite place as an alternative treatment in proven drug resistant 
cases.   Experience in Thailand indicates that the rational field use of such 
combinations should be guided by the following considerations: 

1. The recurrence of patent infection with asexual forms of falclpa- 
rum   malaria within one month following treatment with a presumptive dose 
of chloroqulne(600 mg base) is sufficient indication of chloroqulne failure, 
suggesting the intervention of long-acting sulfonamide comblntlons as the 
next treatment. 

2. Until more information is available regarding the possible 
sporontocldal property of long-acting sulfonamide combinations, the addi- 
tional use of primaquine as a gametoclde Is recommended. 

3. Prior to contemplated mass use, an evaluation should be un- 
dertaken to determine susceptibility of local strains to the long-acting sul- 
fonamide combinations. 

4. Following failures to cure with such combinations, treatment 
with quinine should be instituted. 
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It is apparent that sulfonamlde combinations, because of their known 
limitations, are not the final solution to the problem o( 'rug resistant fal- 
clparum malaria.   Until a better treatment is develope     such comblnntlons 
can, if used judiciously, fill existing needs. 
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Table 3 

Treatment results In patients followed one month 

Rx 
* 

No. cases No. cured(%) Day of recrudescence 
in delayed failures 

Sulfalene-trlmethoprim 31 26(83.9%) 14, 28, 21, 28 

Fanasil-pyrlmethamlne 34 31(91.2%) 28, 28 

Also includes the 2 immediate treatment failures noted In table 2, 
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Investigations of in vitro and in vivo Chloroquine Sensitivity of 
Plasmodium falciparum in Yala Province. 

Principal Investigator: 

Associate Investigators: 

Robert L. Hickman, MAJ, '/C 

Edward J. Colwell, LTC, MC 
Pung Phintuyothln, MC (Ret.),RTNMC 
Saslkorn Chulakanchana« MD* 

OBJECTIVE:   Chloroquine-resistant Plasmodium falclPdrum malaria is 
widespread in Thailand« approaching 100% prevalence in some areas. 
In the provinces of Yala, Satul and Narathlwat, Bourke, et^l. (1966) 
reported finding a prevalence of chloroquine-resistant P. falciparum 
infections as high as 81%.   This rate was based on the persistance 
of asexual parasltemlas 3 days after the administration of 4 mg. 
chloroquine base per lb body weight.   Although this dose is now con- 
sidered subcurative and the follow-up period brief, Sandosham, £t al. 
(1964), in reviewing results of earlier investigations, provided 
evidence that 4 mg per lb usually produced clearance of asexual 
chloroquine-sensitive parasites within 3 days. 

Recently Andre, qt al. U972) reported that the prevalence of 
chloroquine-resistant P. falciparum in Kelantln province of Malaysia, 
adjacent to the study sites employed by Bourke and associates 
appeared to be much lower.   Only 5 of 87 infected school children, 
(6%) had demonstrable parasltemlas on the 7th day following conventional 
treatment with chloroquine (25 mg per kg).   These results are identical 
to those obtained by McElvey, fit gl, (1971) 7 days after similar treat- 
ment of commonwealth troops stationed in Malaysia.   Further ijj vivo 
studies by McElvey, et al.. and limited in vitro investigations by 
Andre, et al., indicated the true prevalence was higher but less than 
has been reported in Thailand. 
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There is, therefore, some evidence that the prevalence rates 
of chloroqulne-resistant falclparum malaria in Thailand and Malaysia 
are different.   Furthermore, because of the proximity of the study 
sites used by Andre, et ah, and Bourke. et al.. it is conceivable 
that a transition zone between the higher and lower rates coincides 
with the location of the Thailand-Malaysia bordpr.   This would not 
hfi too surprising since the border is more than just a political and 
religious boundry separating Bhuddist Thailand and Moslem Malay- 
sia .   It is also the approximate position of a transition zone between 
2 types of climate and is a widely recognized zoo-geographical boundary. 
On either side of the zone marked differences in flora and fauna exist. 
If a difference in rates of chloroqulne resistance does exist, the 
border area would be a unique site to study the bionomics of chloro- 
qulne-resistant falclparum malaria. 

The present investigations were initiated in an effort to obtain 
more recent data regarding the in vivo and in vitro chloroqulne sensi- 
tivity ofj?. falclparum in southern Thailand and to compare the results 
with those obtained previously in both southern Thailand and Malaysia. 

DESCRIPTION;   Yala city was chosen as a study site because previous 
studies were conducted near by and because of the support available 
from the provincial hospital and the district Malaria Eradication 
Center.   Malaria infected subjects were referred for study from both 
sources.  Other patients reported directly to the laboratory for 
diagnosis.   Blood smears were made on all patients and checked for 
the presence of asexual parasites, their identification and the degree 
of parasitemla.   Only subjects wlthjP. falclparum infections weie 
selected.   Patients with parasitemias less than 1000 per cmm and 
those with mixed Infections were excluded.   Others excluded were 
patients under 6 years of age, those with a history of antimalarial 
treatment during the preceding 96 hours and those with renal or 
cerebral complications, 

A total of 64 selected subjects were administered conventional 
doses of chloroqulne (10 mg chloroqulne base per lb. body weight) 
over 48 hours.   Blood smears were examined daily for 7 days to 
determine parasitemias.   If parasite levels and/or symptoms were 
not controlled by chloroqulne, quinine was administered. Further 
follow-up examinations on days 14 and 21 were performed on all 
subjects who were parasite free on the previous examination. All 
infections which recrudesced were treated with alternative antimala- 
rial drugs. 
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At the time of subject jelection, the mean level of trophozoite 
maturity was assessed.   If the parasites were Judged to be of adequate 
maturity, venous blood was drav/n for an in \41ro determination of the 
parasite sensitivity to chJjroquine,   The method used was that des- 
cribed by Rieckmann, et a^ (1968) and employed by Colwell, et al. 
(1972).   The test was considered successful if 5% or more of the tro- 
phozoites in the control vial matured to schizonts containing 3 or 
more nuclei.  The parasites were arbitrarily considered to be chloro- 
quine resistant if any schizonts were found in vials containing 0.6 
millimicromoles or more of chloroqulne base. 

PROGRESS; The results of post-treatment examinations to determine 
in vivo chloroqulne sensitivity of P. falciparum in '.   la province are 
summarized in Table I,   A total of 42 patients were examined daily 
for 7 days.   Of these, 3 failed to respond to treatment either clinical- 
ly or parasitologlcally and 14, although they did respond, were para- 
sitized on day 7.   Thus, 40.5% of the Infections demonstrated RII-RIII 
type chloroqulne resistance.  Of the 25 subjects who were parasite 
free on day 7, 21 were examined on day 14 and if negative again on 
day 21, Asexual parasltemias ol?. falciparum. suggestive of RI 
type chloroqulne resistance recurred In all but one.   The cumulative 
prevalence of chloroqulne-resistant P. falciparum was 97%.  Since 
patients were rarely hospitalized more than 5 days. It Is possible 
that some of the later recrudescences were, in fact, reinfections. 

The prevalence of chloroqulne-resistant .P. falciparum in Yala 
as determined by the in vitro technique was similar to that obtained 
in vivo.   The in vitro test was successfully conducted with the blood 
of 42 patients, 25 of whom subsequently participated in the in vivo 
portion of the study.   The corresponding in vivo and in vitro results 
are presented in Tables II and III.  With regard to chloroqulne 
resistance, the results are in complete agreement, both being 100%. 
As in previous studies (Colwell, .at al., 1972), however, the degree 
of resistance as determined clinically (RI or RU) could not be corre- 
lated with the growth patterns that occurred in vials containing different 
concentrations of chloroqulne.  Individual results of in vitro tests 
where in vlvg data was not obtainable are presented in Table IV.  The 
prevalence, overall, of 4n vitro chloroqulne resistant _P. falciparum 
wa« 97%, the same as was determined using the In vivo technique. 
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The in vivo results compare favorably with those obtained pre- 
viously in southern Thalland (ßourke, et al.# 1966) and are markedly 
higher than those obtained more recently In Malaysia (McElvey, ^t ai..f 
1971; Andre, £t al., 1972).   In the latter studios, only 6% of the 
subjects studied had Infections that could be classified as chloroquine 
resistant 7 days after treatment was initiated. Further studies by 
McElvey, et al.f showed that 47% of the patients that were parasite 
fre^ on day 7 recrudesced before day 32 resulting In an overall preva- 
lence of chloroquine resistance of 50%.   The possibility of reinfection 
was excluded In the latter study. 

Differences in the number of patent infections found on day 7 and 
in the overall prevalence of resistance suggest that there is a difference 
in the prevalence and degree of chloroquine resistance in the extreme 
south of Thailand and In Malaysia.  It Is conceivable that the differences 
may be somewhat exaggerated by reinfections which. If they occurred, 
were unavoidable in the current investigation. 

It also true that the subjects studied in Yala province represented 
a different population that did those studied In Malaysia.   The fact 
that subjects selected at Yala were seeking treatment Implies that they 
may have been more HI than those studied in Malaysia and some may 
have already been treated unsuccessfully with chloroquine.   Both 
variables may have Influenced the results In such a way as to suggest 
a higher prevalence of chloroquine resistance.   On the other hand, 
the level of acquired Immunity in the Yala patients who were predo- 
mlnatedly young adults (mean age: 25.1 years) was probably greater 
than that In either the school children examined by Andre, fit al. 
(1972) or the commonwealth troops studied by McElvey, t| al. (1971). 
Higher levels of Immunity may Improve the efficacy of chloroquine 
and, thus, result   In a reduced prevalence of chloroquine-resistant 
falciparum malaria.  Obviously further study will be required to more 
fully evaluate the situation, but these preliminary results strongly 
suggest that a gradient in the prevalence of chloroqulne-reslstar.t 
P. falciparum does exist in the Thailand-Malaysia border area. 

SUMMARY;   In vivo and iß. vitro studies were conducted in Yala 
province to determine the chloroquine sensitivity of J?. falciparum in 
southern Thailand.  By the seventh day after conventional treatment 
with chloroquine was initiated, 40.5% of the Infections studied were 
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either still patent or had been treated with other drugs because of an 
unsatisfactory patient response.   By day 21, all but one of the remain- 
ing infactions studied had presumably i cciudesced although the possi- 
bility of reinfection could not be entirely excluded.   The overall preva- 
lence of both in vivo and in vitro chloroquine resistance was 97.4%. 
This is comparable to the prevalence found earlier in Thailand (Bourke, 
et al.f 1966} and is higher than reported recently in Malaysia (McElvey, 
St Sin 1971; Andre, et al,, 1972).  The evidence suggests that there 
may be a prevalence gradient in the area of the Thailand-Malaysia border. 
If true, the area may be a unique site in which to study the bionomics 
of chloroquine-resistant falclparum malaria. 

12 hi 



Table I.   Clirical Response of P.falclparum Infections to 

conventional chloroquine therapy 

Response No. of 
subjects 

Per cent 

RIII 3 7.1 

RI! 14 33.3 

RI 20 47.6 
* 

S-7 4 9.5 
** 

S-21 1 2.4 

No recrudescence through day 7.No further follow-up. 

No recrudescence through day 21. No further follow-up. 
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TABLE  JI.     EFFECT  OF  CHLOROQUINE UPON   IN  VITRO  MATURATION OF 

P.   FAL^IPARUM  IN  SUBJECTS WITH  AN   RII   -  RIII 
CLINICAL  RESPONSE  TO  CHLOROQUINE. 

Subject Parasite Count 
(per cmm) 

Chloroquine Concentrat Lon * 
Number 0 0.4 0.6 0,9 1.35 2.02 3.04 

1 16,350 84** 73 65 53 34 5 1 
2 1,560 76 70 66 61 47 11 5 
3 14,070 63 52 47 0 1 0 0 
4 3,460 27 12 24 30 10 15 2 
5 296,600 21 17 15 8 4 3 0 
6 55,200 18 12 12 5 4 3 2 
7 39,170 9 5 4 4 4 3 2 

*       Millimicromoles per ml  of added inoculum. 

**    % Schizonts with  3  or more nuclei. 
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TABLE   III.      EFFECT  EFFECT  OF  CHLOROQUINE   UPON   IN  VITRO 

MATURATION OF  P.   FALCIPARUM IN SUBJECTS  WITH AN 
RI   CLINICAL   RESPONSE TO  CHLOROQUINE. 

Subject Parasits Count 
(per cmm) 

Chloroquine Concentrat ion 
Number 0 0.4 0.6 0.9 1.35 2.02 3.04 

8 6,650 89 80 34 57 38 4 1 
9 1,175 81 79 76 74 40 57 1 

10 2,250 56 25 28 1 0 0 0 
11 7,080 50 20 14 1 0 0 0 
12 1, 990 50 42 39 24 10 3 ] 
13 9,470 48 51 43 21 10 13 0 
14 2,660 40 28 35 20 6 2 0 
15 24,450 35 23 29 31 6 6 1 
16 13,820 22 0 15 2 0 1 0 
17 13,640 14 13 10 5 1 0 0 
18 27,070 12 9 8 7 4 3 5 
19 13,210 9 9 7 6 1 1 0 
20 40,760 8 8 5 5 3 1 0 
21 1,780 8 4 5 8 2 1 0 
22 44,200 7 7 6 5 1 0 0 
23 5,930 7 3 7 6 3 2 1 
24 21,640 5 4 5 3 3 0 0 
25 9,070 5 5 5 3 1 3 1 
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TABLE IV.  EFFECT OF CHLOROQUINE UPON IN VITRO MATURATION OF 

P. FALCIPARUM IN SUBJECTS WITH AN UNKNOWN CLINICAL 
RESPONSE TO CHLOROQUINE. 

Subject Parasits Count 
(per cmm) 

Chloroquine Concentratior 
Number 0 0.4 0.6 0.9 1.35 2.02 3.04 

26 3,220 75 73 8^ 36 10 6 0 
27 3,410 74 60 64 13 1 0 0 
28 2,400 60 50 48 52 0 6 0 
29 27,550 44 11 21 7 2 2 0 
30 17,490 44 17 19 10 2 0 1 
31 6, 970 43 44 40 18 7 5 0 
32 12,380 30 13 23 20 7 8 1 
33 7,840 28 19 16 10 1 1 0 
34 7,490 26 24 20 18 12 7 2 
35 25,140 25 10 25 10 2 0 1 
36 5,640 19 11 9 9 6 7 0 
37 3^,630 16 17 12 13 b 2 0 
38 7.9,060 16 4 4 1 0 0 0 
39 34,010 8 0 0 0 0 0 0 
40 14,640 7 5 7 7 4 2 1 
41 56,230 6 3 4 1 1 1 1 
42 5,540 6 4 6 0 0 0 0 
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Tnvestlgatlons of the Fluorescent Spot Test for Erythrocyte Glucose 
-6-Phosphate Dehydrogenase Deficiency In Southeasf Thailand 

Principal Investigator: Ben F. Castaneda, SFC 

Associate Investigators: Edward J. Colwell, LTC, MC 
Pung Phtntuyothin, MG, MC, (ret.) 
Robert L. Hickman, MAJ, VC 

OBJECTIVE:    Several Investigations of the prevalence of erythrocytlc glucose 
-6-phosphate dehydrogenase(G6PD) deficiency have been reported among male 
residents of the northern, central and southeastern areas of Thailand.   No 
studies of this genetically determined, sex-linked enzyme deficiency have 
been accomplished in the remote southeastern regions bordering Cambodia. 
Both falclparum and vivax malaria are highly endemic in this region and in- 
fected patients are often administered primaqulne therapy.   Since primaquine 
among other drugs is known to precipitate acute intravascular hemolysis in 
subjects whose red blood cells are deficient in G6PD activity, it was con- 
Lidered desirable to obtain information on the prevalence of this enzyme 
deficiency in Southeast Thailand.   This report also describes studies on the 
reproduclbillty and reliability of the screening technique employed. 

DESCRIPTION:   The surveys were conducted in Trad Province at the 2 local- 
ities shown in Fig. 1.   These locations were chosen because of the relative 
stability of their population and the endemiclty of vlvax and falclparum ma- 
laria In both communities.   The capital city of Trad Province has a popula- 
tion of approximately 10,000 people.   Takum, a typical rural village with 
an approximate population of 400 people, is located 18 km northeast  of 
Trad City. 

Blood specimens were obtained from the majority of the total male 
population (i.e. ,200) at Takum during a civic action medical patrol.   Trad 
City, which has an estimated tmile population of 5,000 was arbitrarily divided 
into 4 geographic regions-   Blood specimens were obtained by house visita- 
tion from approximately 10% of the estimated male population in each region. 
All subjects were between the ag^s of 6 to 60 years and did not exhibit symp- 
toms of clinical illness at the tini»> of specimen collection.   Specimens 
consisted of a heparlnized capiliaty tube of blood obtained by digital punc- 
ture.   Those obtained at Takum were transported Immediately on wet ice to 
a base laboratory located at the provincial hospital in Trad City.   Processing 
of all specimens was accomplished within 2-3 hours after digital puncture. 
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The method employed for screening was a commercially available kit 
of the fluorescent spot technique(Hyland G-6-PD screen test).   The test 
was conducted in strict accordance with the directions supplied with the 
kit.   Preliminary studies were initially performed to determine the repro- 
ducibility of the test.   Replicate specimens from 10 male subjects were 
coded and processed by 3 different technicians.   The reactions of the test 
were observed independently by 3 Individuals using the same ultraviolet 
light source and the results were recorded as strong (bright fluorescence), 
weak (barely detectable Tluorescence) and negative (no fluorescence). 

Investigations were also undertaken to assess the reliability of the 
visual observations of the fluorescent spot test.   Thirty-eight specimens 
processed with the spot test were examined for quantitative erythrocytic 
G6PD activlty(G-6-PD Statt Pock).   In addition, the same specimens were 
examined for the proportion of G6PD normal and deficient erythrocytes by 
the methemoglobln elution test as modified by Gall, et al.(1965).   In the 
latter technique, a mixture of normal and deficient erythrocytes can be 
differentially identified by a series of chemical treatments which include 
methemoglobln reduction and elution, and subsequent hematoxylin staining 
to identify the normal and deficient red blood cells. 

PROGRESS:   The results of the fluorescent spot test reactions among residents 
of Trad city and Takum are shown in Table 1.   The Instructions of the Hyland 
test kit specify that specimens having no or barely detectable fluorescence 
are Indicative of erythrocytic G6PD deficiency.   According to these criteria, 
the deficiency rates at Trad city and Takum combining weak and negative 
reactions, were 16.0 and 12.8%, respectively. 

The results of replicate examinations for assessing the reproduclbility 
of the fluorescent test are presented in Table 2.   In general,there was satis- 
factory agreement among the results of the replicate examinations and among 
independent observations of the same reaction by different technicians. 

In order to assess the reliability of the spot test results, 2 other 
methods   for analysis of G-6-PD activity were conducted.   Table 3 shows 
the results of the methemoglobln elution test and the quantitative assay for 
assessing the reliability of the fluorescent spot test reactions in paired 
specimens.  All specimens exhibiting either a strong or negative reaction 
in the spot test demonstrated corresponding normal or deficient reactions in 
the elution test and the quantitative assay.   However, of 14 specimens ex- 
hibiting weak fluorescent reactions in the spot test, 10 were normal and 
4 were deficient in the elution test as well as the quantitative assay. 

The results obtained in these alternative tests confirm the reliability 
of the negative and strong spot test reactions.   However, they indicate that 
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the weak reactions are not necessarily Indicative  of G-6-PD deficiency. 
Therefore it is not possible to classify these reactions, and the results 
of our survey must bn presented as a range:   2% to 12% at Takum and 8% 
to 16% at Trad city.   The lower limits of the range denote the proportion 
of negative reactions in the spot test and the upper limits are the com- 
bined proportions of the negative and weak reactions.   It is proposed that 
the G-6-PD spot test be re-evaluated in the laboratory before further use 
in the field is considered. 

SUMMARY:    A survey to determine the prevalence of G-6-PD deficiency 
was conducted in Trad city and the village of Takum situatea in Trad Prov- 
ince, Thailand employing the fluorescent spot test as the screening tech- 
nique.   The results are reported as a range of 2 to 12% deficiency at Takum 
and 8 to 16% deficiency at Trad city.   Expression as a range of G-6-PD 
deficiency was necessitated because of the unreliable interpretations of 
weak fluorescent reactions in the spot test. A very high degree of reliabili- 
ty of strong and negative fluorescent test reactions was establlished by 
the confirmatory results of the quantitative assay and methemoglobin elutlon 
tests. 
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FIG. I    MAP OF TRAD PROVINCE IN SOUTHEAST  THAILAND 
SHOWING  THE   STUDY SITES. 
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Table 1 

Results of the fluorescent spot e reactions in Trad Province. 

Location No.male ... examined Rates(%) of spot test reactions 

Negative Weak Strong 

Trad Cay 518 8.3 7.7 84.1 

Takum 125 2.4 10.4 87.2 

Total 643 7.2 8.1 84.8 
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To Die 2 

Results of replicate examinations to access the reproducibility 

of the fluorescent spot test. 

Replicate A_ Replicate    B Rep icate c 

Patient Rl R2 R3 Rl R2 R3 Rl R2 R3 

T S 
r 

S s S S S S S S 

2 w w w w w W W W W 

3 s s s s 3 S s S S 

A s s s s S s s S S 

5 s o s s s s s S S 

6 w w w s s s w W - 

7 s s s s s s s S s 

8 

9 

10 

s s s s s s s S s 

s s s s s s s s s 

Reading of spot test by different technicians 

(S,W,-) indicate strong, weak or no fluorescence, respectively. 
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Table 3 

Comparison of the results of the fluorescent spot tesi, rethemo- 

globln elutlon test and quantitative assay tests. 

Spot test Elution   tet* Assay test 
Reaction No rea :tlng Normal Deficient Normal   Deficient 

Strong 21 21               0 21               0 

Weak 14 10                4 10              4 

Negative _3 

38 

0                3 0              3 

1284 

matt 



r 
i 

Evaluation of In vitro Drug Sensitivity of Human Pias mod lum falclparum 
by Incorporation of Radioactive Isoleucine. 1 

Principal Investigators: Peter K, Iber, MAJ, MSC 
Katchrinnee Pavanand, M.D. 

Associate Investigators: Norman E. Wilks, LTC, MSC 
Edward J, Col well, LTC, MC 

OBJECTIVE:    This Investigation was an attempt to assess chloroqulne 
sensitivity of P. falclparum isolated from naturally infected Thai na- 
tionals by employing both the in vitro culture system described by Digys 
et al_ and the protein incorporation of C    -isoleucine as a measure of 
plasmodial growth.   If successful, such a system could be adapted to 
the field to detect resistant malaria in less than the 28 day observation 
period prescribed by WHO 8. 

BACKGROUND:   Cultivation of malaria parasites in vitro has been re- 
stricted generally to experimentation with animal plasmodia.   Despite 
the successful culture of Plumed lum falclparum as early as 1912  , 
the culture of native falclparum  malaria for extended periods of time 
has been hampered by a lack of knowledge of parasite metabolism and 
biochemical requirements from the host red cell.   Siddiqui et al   reported 
successful culture for 48 hours but only on rare occasion did they achieve 
multiplication rates where the number of parasitized cells greatly in- 
creased after schizogony.   More recently, Diggs and associates   have 
reported a culture system in which five to eight fold increase in para- 
sitized cells were observed repeatedly and growth periods of greater 
than 72 hours were routine through the use of media T-199 and heat 
treated human AB serum.  The parasite multiplication was determined by 
the ans of fetal cells as markers for merozolte pe'letration,   By virtue 
of the increase in survival time and parasite populations this system 
lends Itself to extensive research opportunities including metabolic and 
pharmacologic studies of Plasmodium falclparum. 

4 
Polet and Conrad   have reported isoleucine as an essential amino acid 
for P, knowlesi.   Canfield et al5 have described an in vitro technique 
for testing potential antimalarlal drugs using methyl C14-methionine 
incorporation into parasite protein as measurement of drug effect. 
McCormlck" was successful in using C 4 -isoleucine as a growth 
marker for P. falclparum in the test described by Rleckmann7. 

DESCRIPTION;   The basic procedures for cultures of Plasmodium 
falclparum  were those previously described3.   For drug sensitivity 
studies the following modifications were necessary. 
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Parasites;    Patients from the Yala Provincial Hospital and the Malaria 
Eradication Center, Yala, Thailand were used as donors for parasites 
of Plasmodium falcipafum.   Only patients with parasitemias greater 
than 0.1% were accepted.  The blood was collected in a heparinized 
syringe and the cells were later separated from the plasma by centri- 
fugation at 210 X G for 10 minutes.   The cells were then washed twice 
with physiological saline, cantrifuging each time at 210 X G for 10 
minutes. 

Media;    The packed cells from the second washing ware then placed 
into media prepared for each row of a microtitration plate as follows; 

Madia T-199 0.6 ml 
Heated Serum (AB Group) 0.6 ml 
Washed packed cells 0.125 ml 
C    -isoleucine* O^QSO ml (0.048 ug = 2.21x10   dpm) 
Total volume 1,3 75 ml (enough for 6 wells) 

The media-cell suspension was then distributed into the wells of one 
row in the microtitration plate in the array of drug concentrations shewn 
in Table I (each well contained 0,2 ml of the medla-RBC suspension). 

Harvesting Cultures;    The culture suspension was quantitatively trans- 
ferred from each well in one column at the harvest time into a 13 x 100 
mm test tube.  A few milliliters of normal saline was needed to effect 
quantitative transfer.  The suspension was centrifuged at 6000 x G and 
the supernatant was discarded.   Packed cells were washed twice with 
5 milliliters of normal saline, and centrifuged as above, and then 1 ml 
of 10% trichloroacetic acid was added, mixed well, and centrifuged at 
10,000 x G,   The supernatant was removed, the precipitate was washed 
with 1 ml of ethanol-ether (1:1), mixed well, centrifuged, and the super- 
natant was discarded.  Three drops of 30% hydrogen peroxide were added, 
mixed and incubated at 56 C for 15 minutes.   Two milliliters of Soluene 
(TM 100 Packard) was added to the precipitate which was then incubated 
30 minutes at 60oC and transferred to a counting vial using fluor as a 
rinsing agent for the test tube.   The final volume was 12 milliliters. 

I 
Drug growth studies Were performed using two series of Chloroqulne 
concentrations.   The first series, covering Yala patients Y-36 to Y-48 * 
(See Table It, was cultured utilizing a drug concentration of 8 milli- 

Carbon-14 sloleucine.   New England Nuclear Corp., NEC 278, Lot 
# 605-072 with Specific Activity 273 milllcurle/millimole. 
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micromoie chloroquine base per ml blood .   This concentration was based 
on a 12 hour serum level In Thai volunteers (Figure 1) and the partition 
ratio RBG:   Serum of approximately 4:1 to 5:1. 

With the 8 millimicromole concentration of chloroquine, although pharma- 
cological, it is difficult to evaluate the culture results.   Since the 12 
hour serum concentration is transient, it was decided that the 72 hours 
serum concentration was more realistic for the culture period.   Therefore, 
we revised the chloroquine concentrations in the subsequent series.   In 
Table III, the results of IG cultures utilizing the new concantrations are 
summarized. 

Initially we used only chloroquine and a control which yielded culture 
data as shown in Figure 2, but It was later realized that a reference 
culture was required.   Since P. falclparum in Thailand is generally 
considered to be sensitive to quinine^, a culture containing 8 mllllml- 
cromoles of quinine base par ml blood wss added to the culture system. 
This simplified culture interpretation and resulted in the following sys- 
tem of grading the resistance of the parasites: 

(1) If both concentrations of chloroquine produce growth curves near 
the quinine growth curve the culture Is rated sensitive (S) (Figure 3), 

(2) If the 0.2 millimicromole chloroquine curve approximates the con- 
trol curve and the 0.4 millimicromole chloroquine curve approximates 
the quinine curve, the culture is rated R+. 

(3) If both concentrations approximate the control growth curve the 
culture is rated R-H- (See Figure 4). 

In vivo studies were possible in 50% of the malaria cases seen. Follow- 
up visits were requested for days 7,14 and 21 after being admitted to the 
study program.   In only a few cases was this schedule actually achieved. 

A reproducibility study was performed by utilizing three identical wells 
for each harvest time and drug concentration.   All wells were processed 
independently and counted to provide a 99% probability of 1% counting 
error. 

RESULTS:    The in vitro growth multiplication rate of P. falclparum with 
C ^ isoleucine as a marker confirmed a minimum multiplication of five 
fold through one cycle of schizogony.   This was determined by comparing 
the slopes of the growth curve before and after schizogony.   This deter- 
mination was facilitated by the fact that during schizogony no C^4 iso- 
leucine is incorporated as reported earlier by Cohen et.al for H3leucine 
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9  10 incorporation '     .   When maximum growth was desired, the media was 
changed after 48 hr. to remove harmful metabolic products from the sys- 
tem.   The culture system designed for drug testing showed slightly lower 
multiplication rates Cl.e. 2-3 fold) because the media could not be chang- 
ed. 

In all cultures containing quinine, a depressed growth curve was consis- 
tently evident as compared to the control, indicating the susceptibility 
of parasites to the antimalarial agent.   In case of resistance, the growth 
curve approximated that of the control.   This was also confirmed by mor- 
phological studies in three of these cultures (Table IV) of which one in 
vivo follow-up was possible, and in this case there was good correla- 
tion between in vivo, in vitro and morphological observations.   It ap- 
peared that in the presence of antimalarial agents, susceptible parasites 
could not survive through schizogony, while resistant parasites escaped 
the antimalarial drug action and the penetration of merozoltes into new 
red cells was evident. 

The maximum variance observed in the reproducibility study was 10%, the 
normal variance was 3 to 5%.   Counting efficiency was determined to be 
58 to 64% using the channels ratio counting method. 

In vivo follow-up studies wore disappointing in that few patients returned 
for examination beyond day 7.  The in vitro results compare favorably with 
in vivo parasitemlas recorded on day 7, but less so for those few patients 
who returned for examination after that time.   Patients Y-39 and Y-41 in 
Table II supported the in vitro findings of resistance with positive blood 
slides by day 21 but Y-44 did not bear out the prediction of susceptibility 
by becoming positive by day 14.   Of those 5 patients shown in Table m 
as having had follow-up studies two were resistant both in culture and 
clinically, while three which produced susceptible cultures became pos- 
itive on the 14th or 21st day.  The possibility of reinfection could not 
be ruled out during this season of active transmission. 

DISCUSSION;    The culture system reported upon consistently produces 
successful culture growth over a sufficient period of time to allow 
meaningful studies, in this case morphological and radiochemical ob- 
servations.   The number of culture failures has been less than 1% and 
weiB usually attributed to power failure or the administration of an 
antlmeiarial compound prior to patient study»   The technic lends itself 
to the field because it does not require elaborate and sophisticated 
equipnent during the Initial culturing procedures nor s>.mt the techni- 
cians Ls as highly trained as with many in vivo culture systems.   The 
cultures can be quenched at the field site and transported back to a 
base laboratory for channels ratio counting.   Investigations underway 
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Indicate that cultures can originate from outside a country with subse- 
quent acceptable labcratory results. 

The selection of a site In which to perform the In vitro cultures Is based 
on the availability of laboratory space, electricity and an available 
patient population with malaria.  The centrifuge, refrigerator, incubator, 
ultraviolet chamber, plates and reagents are readily transnorted in one 
vehicle.   Frequently in areas where malaria persists as a major health 
problem, electricity is absent.  At one of the early field sites, electric- 
ity was provided by a 6KW generator with emergency 300 W Honda genera- 
tors for additional support, and successful cultures were obtained. 

As was the case in this study, the available patients most usually com- 
prise an agricultural population intent upon proceeding to their homes 
and farms and who are reluctant to return to the provincial medical facility 
unless they have actually relapsed or recrudesced.  Ihus, the validity 
of such an in vitro test is difficult to measure.   This is particularly true 
during the rainy season when transmission Is at its peak.  To assure that 
a patient has not been reinfacted Is generally impossible.   Too, the pres- 
ence In most Thai villages of quack doctors who possess and dispense 
a wide assortment of substances. Including chloroquine, may tend to 
confuse and distort the findings of patients who do return for further ex- 
amination.   It is possible that apparent susceptibility of parasites in vivo 
as determined by blood examination two or three weeks after initial de- 
tection could be due to drug pressure.   Unless the patient can be closely 
observed for the full 28 days prescribed by WHO   there will generally be 
doubtful correlation between an in vivo study and in vitro data.   It is 
tempting to use the field expedient suggested by WHO** whereby assess- 
ment of resistance is based on the response of asexual parasitemla during 
the first week of treatment, with further observations providing evidence 
of recurrence of parasitenia which could only be presumptive if re-infec- 
tion cannot be ruled out.  The series of patients referred to in Table II 
provide some correlation between clinical and culture results when the 
first week's  response only is considered, with just 2 ip vitro resistant 
cases being negative on day 7 (Y-39 and Y-41).  When applied to the 
patients of Table m, there are 5 instances of agreement and 4 where the 
findings in the patient on day 7 differ with the conclusions obtained from 
the cultures.   In the latter event all were resistant by the in vitro technic 
which could have presumably resulted in the prescribing of a drug other 
than chloroquine. 

The culture results substantiate the findings of Colwell     that P. fal- 
ciparum  in Thailand is mostly resistant to chloroquine, a fact which 
impairs the evaluation process for any Ja vitro test.   Complete evalua- 
tion of the technique incorporating the radlolsotope C-14 requires that 

12bfJ 



■y» 

a strain of maicirla which is susceptible to chioroquine be investigated. 
If sufficient case« of sensiuve P. falciparum  can bo found to establish 
confidence In the test procedure for non-resistant strains, an essential 
baseline could be described.   The mean growth curve for susceptible 
strains would provide the necessary reference for comparison with the 
quinine growth curve, a control curve and the growth curve of the strain 
to be tested.   To continue evaluation  of this test and to provide the 
required characterization of the minimum response of a susceptible 
strain, investigations are currently underway at a research station out- 
side of Thailand. 

SUMMARY;   A test for assessing the in vitro susceptibility of Pias mo- 
dlum falciparum   to chioroquine has been described.   The culture 
system utilizes the protein incorporation of C    -isoleucine as a growth 
marker.   Culture failure was low   reproducibility was good and there was 
a multiplication rate of 2:1 or better in 90% of the study cases.   The 
culturo results obtained by measuring the C 4 incorporation provide an 
excellent correlation with morphological observations.    Ir. this prelim- 
inary report it was not possible to follow sufficient case? of clinical 
malaria to establish the necessary in vitro - in vivo con elation. 
Further studies are In progress with parasites less resistant to standard 
chioroquine cheirotberapy. 
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Table I 

Mlcrotitre Plate Scheme 

Type of Culture Harves Time 

23 hrs 40 hrs 48 hrs [     63 hrs 

i        Mlscroscoplc Control 
j        (No C14-l8oleuclne) 0 0 0 0 

I            J4 
i        C     Growth Control 0 (XX) 0 (XX) 0 (XX) 0 (XX) 

i        0.2 millimicromole 
Chloroqulne base/ml 0 (XX) 0 (XX) 0 (XX) 0 (XX) 

0.4 millimicromole 
Chloroqulne base/ml 0 (XX) 0 (XX) 0 (XX) 0 (XX) 

8 millimicromole 
Quinine base/ml 0 (XX) 0 (XX)      , U (XX) 0 (XX) 

Microtltre Plate Scheme.    0 = Principal culture wells harvested to 

determine growth curve. 

X = Culture wells harvested to assess repro- 

duclblllty of culture procedure. 
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Table II 

Comparison of In vitro and In.vivo studies of 8 patients using 

chloroquine drug level 8 mllllmlcromole base/ml 

blood* In patients from Yala, Thailand. 

Patient No . In vitro 
Result 

Parasltemla 

Day 7 Day 14 Day 21 

Y-36 R + 

Y-39 R - + + 

y-41 R - - + 

Y-44 S - + 

Y-45 R + 

Y-46 R + 

Y-47 R + 

Y-48 R + 

* Based on serum level at 12 hours after commencing standard 

oral therapeutic course of Chloroquine dlphosphate. 
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Comparison of In vivo and In vitro studies of 16 patients 

with Plasmodlum falclparum from Yala, Thailand. 

Patient No. 
Yala 

In vitro 
Result 

Otarasltemla 

Day 7 Day 14 Day 21 

51 R - + 

52 PF* 

53 S - - + 

54 R 

55 R 

5SB R+ 

56 S 

56B R++ 

57 R++ 

58 R++ + 

59 S - + 

60 S - + 

61 R++ - + 

62 R++ + 

63 R+ + - 

64 R++ - 

NQTg;   PF* » power failure. 
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Hemolytic Activity in Human Malaria Infections. 

Principal Investigator: Vithuna Yuthasastr-Kosol, M.D. 

Associate Investigator: Norman E, Wllks, LTC, MSC 
Peter K. Iber, MAJ, MSC 

OBIECTIVE;    To investigate the hemolytic factors associated with human 
malarial infections with particular emphasis on host complement activity 
in Chloroquine resistant and non-resistant malaria and immunological 
phenomena producing host cell lysis. 

DESCRIPTION:   Previous studies at SEATO Medical Research Laboratory 
(1968-69), using P, inyi and P. coatn^vi in monkeys showed marked de- 
crease in erythrocyte survival time In the course of chronic infections 
with scanty parasitemia, or even in the absence of parasites.   Studies 
also showed that inappropriate erythrocyte destruction was mediated by 
some humoral factor associated with chronic infection.   Equally striking 
is the marked decrease of complement activity in the infected monkeys 
using the spectrophotometric method for complement assay as described 
by Hook and Muschel (1964) and Fogel et.al at WRAIR (1966). 

A study of complement activity levels of acute malaria patients (19 70- 
19 71) found this activity to decrease during infection and rise rapidly 
to normal levels after successful chemotherapy.   Preliminary studies 
of patients infected with both P, falclPsirum and P. vivax Indicate that 
there Is a pronounced depletion of C activity in human malaria infec- 
tions in Thailand, 

PROGRESS: All patients studied in this report were selected fiom Ayuthaya 
Province, about 120 kilometers north of Bangkok.   Four females and ten 
males aged between 18-41 years and infected with P, falclparum were 
followed from the day of treatment through the complete course and for as 
long as 14^-150 days.  There were another 18 patients who were hospital- 
ized for a short period of 1 to 9 days, and could not be followed further. 
One female and 7 male" of the 18-41 years age group were Infected with 
£• vivax and were also followed for as long as 150 days.  A cumulative 
total of forty normal Thais aged between 18-27 years were used as con- 
trols, with only two being from the .Bangkok area. 

All patients were treated with Intramuscular Chloroquine, 150 mg. base, 
or intramuscular quinine, 300 - 600 mg, and then continued with chloro- 
quine orally for a total of 1500 mg base.  Primaqulne was administered 
to P. vivax patients and the oral course of chloroquine was repeated upon 
relapse. 
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Blood specimens wore collected in number and volume permitted by the 
patients.   Specimens were obtained, if possible, each day during the 
first week, on the 7th, 10th or 14th day, and then every 14 days for as 
long as possible.  Serum was separated from all blood specimens after 
clotting and   immediately frozen.   The micio-complement fixation tech- 
nic was used.   The extent of sheep erythrocytes sensitized with rabbit 
antibody to yield 80 to 90% lysis after 30 minutes at 370C was estimated 
by absorption measurements at 412 mu = A OD412 spectrophotometrically 
on supernatant fluids from the reaction mixtures.  The results are express- 
ed as logarithemic values at A OD412. 

The distribution of C activity levels in malarial patients during acute 
illness, after radical cure and recrudescence are shown in Fig. 1.   Nor- 
mal Thai values and those of patients with other diseases are shown for 
comparison.   In one control group of 10 normal Thai randomly selected 
and followed during the same period as some of the patients, and 15 nor- 
mal Thais randomly selected for determination of activity by one test 
range from 3.0 - 9.989 (75 - 92.2% hemolysis of sensitized sheep ery- 
throcytes) .   The sera from patients with Infections other than malaria did 
not produce low C values. 

In Figure 2 are shown the mean C activity values for patients who were 
radically cured, some who were incompletely cured (i.e. the parasitemia 
was persistent) and of normal patients who were followed extensively. The 
A OD       values of the C'activlty on the day of admission or during the 
acute attack were between 0.0 and 0.433 {7% - 30% hemolysis) with a 
mean value of 0.232 for P, falcioayum and 0.267 in P. vivax Infections. 
The ranges in parasitemia were from 0.2 to 1.4% in P. falciparum cases 
and from .11 to .35% in £. vivax infections.   The C levels rose rapidly 
in response to chloroquine chemotherapy, and returned to normal in 3 - 5 
days in £. vivax patients and in about 7 days in £. falciparum cases. 
After that time the levels were consistently above 3.0, and equivalent to 
normal. 

In those demonstrating chloroquine resistance, the levels did not return 
to normal for several weeks.   When such activity did Increase to beyond 
3.0 it remained at the higher level.   Whether the infection relapsed or re- 
mained patent at a very low parasitemia, in those patients for whom the 
chemotherapy was inadequate the C activity level persisted below 3.0. 

The studies performed to detect hemolytlc factors associated with an 
immunologlcal phenomenon yielded no abnormal results.  None of the 
patients examined presented with chronic infection   similar to those 
observed in previously studied experimental monkeys.   No cases of 
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blackwater fever were discovered during the reporting period. 

SUMMARY;     The measurement of C activity levels during and following 
infections with P. f^lciparum and P, vivax has been performed on patients 
for as long as 150 days.   During the infection the complement level was 
markedly decreased and returned to normal rapidly after successful chemo- 
therapy.   Throughout persistent infections and recrudescence the C acti- 
vity remained depressed, regardless of the species of malaria.   In other 
infectious diseases the complement was not detectably reduced. 
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Malaria Field Studies Khok Salung, Lopburi. 

Principal Investigators: 

Associate Investigators: 

Assistant Investigators: 

Peter K. Iber, MAI, MSC 
Katchrlnnee Pavanand, M.D. 

Norman E. Wilks, LTC, MSC 
Rowland N. Wilkinson, CPT, MSC 

Chamroen Chetcy, B.Sc. 
Kltti Watanasirmkit, B.Sc. 

OBJECTIVES;    1.   To examine a population reportedly infected with a 
susceptible strain of P. falciparum possibly transmitted by a vector 
other than A, b^labacensls.     2.   To oirtain parasites and sera from 
patients parasitized with P. falc^parurr. for comparative studies using 
C14-i oleucine protein-in r>rporation culture method. 

BACKGROUND:    From v:relished deta obtained at Khok Salung in 
August 1965 it appeared that thia village was sufficiently solated 
and large enough to perform extensive field malaria studies.   Because 
of its geographical location, Khok Salung was expected to provide a 
study population undisturbed by migration and external population 
pressure. 

In August 1965, a sick-call survey of 166 villagers provided 46 cases 
of malaria;  3 7 oases of P, falciparum and 9 cases of P. vlvax. Seven 
cases were studied and treated with a standard therapeutic course of 
chloroquine diphcdphate.    All cases responded to the therapy and 
remained smear-negative for a minimum period of 7 days.   This indi- 
cated that there was a possibility to observe an Incidence of chloro- 
quine sensitive P. falciparum which is not known to exist elsewhere 
in Thailand.   The geographic characteristics of this area do not ap- 
pear to provide a suitable breeding environment for ft» balabacensis, 
and a f-'-ential vector/parasite relationships which might contribute 
to our knowledge of the biology of susceptible and resistant malaria 
seemed possible. 

DESCRIPTION;    The initial step in this field study was to survey 
the school children and map the village to obtain baselir« infection 
rates and the location of any malaria present in the village (Fig. 1 
and Table I).  Throughout the study perlen }.', falciparum  infection 
rates at s<ck-call were maintained.   In aacido.i periodic visitations 
were made to the agricultural sites used by the villagers. 
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School visitations and sick-calls were held In smaller villages 
located throughout the agricultural area (Table ID.   The agricultural 
area is bounded on all sides by low hills thereby Isolating it from 
neighbouring areas.   The study sites were located approximately 
15-20 km from the low hills bordering the area.   School surveys 
were again performed toward the end of the study parlod. 

Mosquito biting collections were made during a three-month-period 
in the agricultural areas of interest (Table III).   Sites for biting 
collection were selected on the basic of incidence of malaria in 
villagers residing or working In the area. 

Twenty-one patients parasitized with £, falciparum were treated 
and followed clinically for twenty-one days.   C^-isoleucine pro- 
tein-incorporation studies were attempted on blood samples from 
five of these subjects. 

RESULT?;   A school survey of 1218 students in Khok Salung showed 
no parasltemic children.   Since school was in session there  was 
probably little or no migration of the students to the agricultural 
areas.   It therefore seemed likely that transmission was not occur- 
ring in Khok Salung. 

Surveys of 431 school children within the agricultural areas showed 
8 positive cases of P. falciparum.   Sick-calls held in the agricul- 
tural areat showed 41 (4.4%) cases of P. falciparum among 926 
patients examined for malaria. 

During the period of 10 July - 28 October 1971, sick-call was held 
daily at the Khok Salung Health Center,   t'lxty cases (17.3%) of 
P. Ijalclpyum   were detected among 347 patients screened for malaria. 
Al) of the positive smears except one wen9 from persons who freely 
admitted travelling regularly to the agrlctitural area surrounding Khok 
Salung.  Extensive questioning of villagers indicated little travel 
outside the village and agricultural area. 

Mosquito biting collections made from 28 July - 4 September 1971, 
showed an extremely low density of Anopheles mosquitoes and no 
evidence for the presence of A^ bal^bacens^s (Table IID.  Among the 
Anopheles mosquitoes collected the only known malaria vector was 
4. minimus.    No mosquitoe dissections to determine Infectious were 
performed. 
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Among the 21 malaria patients studied 9 oases were lost to complete 
follow-up.   Of the remaining 12 cases, 7 infections were sensitive 
to chloroquine, 2 showed an R-I type res^tance, recrudescence 
occurred between days 8 and 14, and 3 an R-II type resistance.   No 
R-III resistance was observed. 

Although several attempts were made to culture Plasmodium falcioarum 
by the in vitro system incorporating C"14 tagged isoleucine, none 
were successfully concluded.   During the period of transmission in the 
agricultural regions an erratic and undependable electrical power sys- 
tem was the only source available, and the cultures overheated or 
could not be properly incubated.  A reliable generator was obtained at 
the be jirning of the dry season when transmission declined abruptly. 
Contamination was only a minor problem when an ultra-violet light 
could be used.  Dust, pollen and occasionally a fungus contaminated 
soma of the culture wells.   A continuing impediment was the lack of 
assurance that the patients had not visited one of the 4 quacks who 
practised in the village.   Since no western medicine was available to 
them prir • to the visit of the SMRL team, they depended largely upon 
the servlr JS of these unlicensed practitioners.   Patients could not be 
included iu the study group if suspection arose that they were receiv- 
ing other compounds. 

The isoleucine uptake test proved to be practical as a field expedient, 
despite the occurrence of culture failures, as was later confirmed by 
studies in Yal?. 

Of particular Interest was the change in malarial incidence and in the 
local terrain since the initial study in 1965.   The low hills surrounding 
the region have been practically denuded of vegetation In the interests 
of the charcoal industry.   Crops have been changed from exclusively 
rice to broad fields of com.   The forest around Khok Salung proper has 
been removed and low scmb shrubbery only persists.    The river is 3 
km away and the only additional available water is stored rainwater. 
Mosquitoes are not abundant in the village, and only near the new 
com fields and the river can potential vectors be obtained.   The activ- 
ities of the villagers have altered the environment in such manner as 
to deprive the major vector of Thailand, At balabac^nsis. with suitable 
breeding sites. 

SUMMARY; A malaria field study has been performed in a geographi- 
cally isolated village where migration and population movement pres- 
sure was minimum.   Surveys showed that all malaria was contracted 
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in the agricultural area surrounding the village, most of which was 
not accessible to the investigators.   Mosquito biting collections 
showed an absence of 4« balabacensls. that combined with the 
geographical conditions tends to indicate the possibility of trans- 
mission by a vector other than A, balabacensis. 

Among 12 P. falclparum patients studied, 7 were sensitive to standard 
susceptible chloroqulne therapy.  A field-trial of the C^-lsoleucine 
culture system showed It could be performed in the field if a proper 
electrical power supply can be provided. 
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School Survey     Khok Salung and Surrounding Areas 

School No. Students 

P. falcipyMpi positive cases 

May 1971 October 19 71 

Village 
(Khok Salung) 

Monastery 
(Wat Nong - 
Taming, Khok- 
Salung) 

Village 
(Manau Wan I) 

Village 
(Manau Wan ID 

Village 
(Suan Madua) 

934 

284 

121 

199 

112 

0 

0 

1 

0 

7 

0 

0 

0 

0 

ND* 

*  Not done. 
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Table H 

Slck-Call Observations, 

Area No. Patients £• Yly«s p. falstEaflUB 

Khok Salung 
Health Center 324 7 53 

District 
Manau Wan 291 3 10 

Village of 
Suan Madua 635 1 31 

Total 1,253 11 94 

No mixed infections were observed during the study period. 
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Table III 

Mosquito Biting Collections 

Mosquito Species 
Date of Collection 

28 10 31 4 
July'71 Aug'Tl Aug'71 Sept'71 

Aedes (stegomyla) sp. 101 104 41 0 

Aedes (neomelaniconlon) sp. 2 0 20 16 

Aedes (ochlerotatus) sp. 0 0 66 0 

Aedes (adimorphus) sp. 1 0 44 206 

Culex (culex) sp. 24 54 58 44 

Mansonia sp. 2 4 0 2 

Anopheles (cellia) minimus 0 6 0 0 

Anopheles (cellia) vaqus 0 3 3 0 

Anopheles (cellia) subpictus 0 2 0 0 

Anopheles (cellia) nivipes 0 1 0 1 

Anopheles (cellia) tessellatus 0 1 0 0 

Anopheles (anopheles) sp. 0 0 2 28 

Total 130 175 234 197 
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Plasmodium Palclparum Infection Rates in Normal and Enzyme-Deficient 
Er/throcytes of Glucosö-6-Phosphate Dehydrogenase Deficient Heterozygotes 

Principal Investigator: 

Associate Investigators: 

Assistant Investigators: 

Walter W. Noll, MAJ, MC 

Chalard Tlrabutana, M.D. 
Prachar Pooyindee 
Suvath Hanchalay 

Chowanit Sinsawat 
Boonplook Somklin 
Nopadol Pooyindee 

OBJECTIVE: P. falciparum infection rat ss in normal and enzyme-deficient 
erythrocytes of Thai women, heterozygous for glucose-6-phosphate dehy- 
drogenase (G-6-PD) deficiency are being determined and compared. 

DESCRIPTION: Women, heterozygous for G-6-PD deficiency (an X-chromosome- 
linked trait), are mosaics: approximately half of their red blood cells 
are normal, the other half are G-6-PD deficient. The two cell populations 
can be distinguished histochemically by the metheimglobin elution method 
(Gall et al, 1965). This technique is being applied to blood from Thai 
women who have malaria and are heterozygous for G-6-PD deficiency. Infection 
rates in both normal and enzyme-deficient red blood cells are being 
determined and compared. Hematocrit, reticulocyte count, red bloou coll 
morphology, hemoglobin type, and G-6-PD activity (spectrophotometric 
assay) are also being determined. 

PROGRESS: To date, 376 women and girls with malaria, who presented at 
the Provincial Hospital or Malaria Eradication Center in Chantaburi, have 
been tested by the methemoglobin elution technique. Approximately ten 
per cent have been classified as heterozygous for G-6-PD deficiency. 
Parasite counts have been made in both normal and enzyme-deficient cells 
and these data are now being analyzed. 
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Longitudinal Malaria Studies  In Rural Northeast Thailand 

Principal Investigator: Herbert E. Segal, MAJ, MC 

Associate Investigators: Walter W. Noll, MAJ, MC 
Rowland N. Wilkinson, CPT, MSC 

Assistant Investigators: William E. Gresso, SFC 
Pannee Srangsomwong, RN 
Vacharee Panalaks, RN 
Withoon Thiemanun 
Jarouy Grutaraniyom 

INTRODUCTION:   A prospective longitudinal study of the transmission of 
Pias mod ium falcipar-m malaria was began at Ban Bu Phram and Ban Tab- 
Ian, Tambon Tungpo, Prachinburi Provinfe.   Initially, attention was to 
be focused on the patterns of parasitemias and clinical disease associated 
with chloroquine-sensltive and chloroqulne-reslstant strains of the fal- 
ciparum parasite.   All parasitemias in Bu Phram were to be treated with 
chloroqulne in an effort to determine whether Intensive chloroqulne pressure 
could be shown to measurably increase the proportion of chloroqulne- 
reslstant infections.   Most falclparum infections were found to be resistant 
to chloroqulne treatment from the outset (see below).   The objectives of the 
study were therefore restated as follows: 

OBJECTIVES: 
(1) To study the variables associated with the acquistion, duration, 

pfid density of P.falclparum parasite nlas. 
(2) To measure the prevalence of chloroqulne-reslstant falclparum 

infections and evaluate the usefulness of chloroqulne as a control measure. 
(3) To assess the feasibility of successfully perfonhlng a prophylactic 

drug trial. 

DESCRIPTION:   Two Northeast Thai villages. Ban Bu Phram and Ban Tablan, 
Prachinburi Province, were selected for study.   They are located In a 
heavily-forested mountainous region approximately 100 kilometers south of 
Nakorn Ratchaslma(Korat) on Route 304.   On the basis of hospital repuns, 
chloroqulne-reslstant falclparum malaria and vivax malaria were considered 
to oe endemic.   The villages were mapped and censused In mid-April 1971. 
There were 380 persons resident In Bu Phram ard 605 In Tablan at that time. 
A random sample of households was drawn and Included 252 persons in both 
villages.   Both village samples ("Family Group") were representative of the 
entire village populations and comparable to one another. 
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Investigators visited each family sixteen times, at approximately 
two-week Intervals, between late April 1971 and early January , 1972. 
During each visit they inquired about a history of fev:r and/or headache 
and collected capillary blood specimens for quantitative parasite counts 
and, on one occasion, for glucose-S-phosphate dehydrogenase(G-6-PD) 
determination and hemoglobin electrophoresls.   In Bu Phram, all Family 
Group subjects with falclparum or vivax parasitemla, symptomatic or 
asymptomatic, were treated initially with chloroqulne(Comer et al,  1968). 
InTablan, only those with symptomatic parasltemlas were treated. 

Slckcall was held weekly and non-Family Group persons("Sickca 11 
Group") with complaints related or unrelated to malaria were seen and 
treated.   All parasltemlas f(v>nH in members of this group were treated 
with chloroqulne. 

Parasite densifies were determined by relating the parasite-leuko- 
cyte ratio on the blood film to the total leukocyte count.   The methemo- 
globin elutlon ta3t(Gall et al, 1965) was used to identify G-6-PD deficient, 
heterozygous, and normal persons.   Hemoglobin electrophoresls, carried 
out on cellulose acetate strips, was used for family pedigree analysis. 

The data accumulated permitted study of the association of falclparum 
and vivax infnctlon rates, average number of parasitemic and gametocyte- 
mlc episodes per infected subject, parasitemla-associated morbidity, and 
parasite densities with variables under consideration.   A history of fever 
preceding or fever coincident with documented parasitemla was recorded 
as evidence of symptomatic infection since other symptoms, complications, 
and mortality from malaria were not observed.   Data from the two study 
villages were pooled for this report, since chloroqulne treatment of asymp- 
tomatic parasltemlas (Ban Bu Phram) was without demonstrable effect (see 
below). 

PROGRESS:   Variables Assocloted with Infection:   The associations   of 
P.falclparum  and P.vivax    Infections with the variables of age and sex, 
time and place of parasite acquisition, and G-6-PD deficiency were studied. 
Forty-six percent of subjects studied were parasitemic with P.falclparum 
and 23 percent with P.vivax during the study periodd'able I).   Parasitemla 
rates were similar in all subjects except for those under one year of age. 
Males were infected in greater proportion than females (Table II). 

Peak transmission occured during May, June, and July, with lower 
levels occuring during the remainder of the study period.    In the ten week 
period from mid-May through July, 61 percent of the "new" falclparum 
infections and 47 percent of the "new" vivax Infections were found.   The 
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largest collections of Anopheles balabacensls were also made during this 
period and four mosquitoes were found Infected (Gould and Wilkinson,  1972). 

Twenty-nine percent of Family Group subjects resided in shelters In 
fields away from the village for some part of the study period (Table III). 
These subjects were at greater risk of acquiring infection than subjects 
denying any overnight absences from the village.   Whether subjects 
presumably Infected In the fields were Infected early In the season and 
Introduced infection Into the village Is under study. 

The 72 percent of subjects who gave no history of overnight absence 
were presumably Infected In the village proper.   The night-time patterns 
of activity of 27 Family Groups were observed (Table IV) and compared with 
vector mosquito collections (Gould and Wilkinson, 1972).   Seventy-four 
percent of An. balabacensls collected were caught after 2300 hours, 
when all subjects were Inside the house, asleep, and those who had 
mosquito nets were using them.   Infection rates In those subjects using 
nets(lnfants and females) were lower than rates in non-users. (Two cycles 
of house-spraying with residual DDT were completed by National Malaria 
Eradication Program [NMEP] personnel during the study period). 

The prevalence of the gene for G-6-PD deficiency was 16.1% In male 
Family Group subjects.   Thirteen males and two females were found to be 
enzyme-deficient.   Fifteen (female) heterozygotes were Identified by a 
combination of the methemoglobln elution test and/or family pedigree. 
Enzyme-deficient and heterozygous Family Group subjects were not 
infected with P.falclparum In lesser proportion and were not parasltemlc 
less often than comparable enzyme-normal relatives or the remainder of 
the Family Group (Table V)   (Segal et al,  1972). 

Uf afulness of Chloroqulne in Treatr mt of P.falclparum:   The useful- 
ness of chloroqulne treatment of both   symptomatic and symptomatic fal- 
clparum parasltemlas was studied.   (All vivax parasltemlas were sensitive 
to chloroqulne).   Prior use of chloroa Ine in the villages was assessed 
by determining what proportion of vllLtjers suspected of being parasltemlc 
might have (Ideally) been treated by the NMEP house visitor. (The house 
visitor dispensed chloroqulne based on a history of fever).   Data accumul- 
ated (Table VI) suggested that he might have treated six percent of fal- 
ciparum parasltemlas, twelve percent of vlvax parasltemlas, and few 
non-parasitemlc persons.   On three occasions, self-treatment with chlo- 
roqulne (for fever) was observed by the Investigators. 

In Bu Phram, all parasltemlas found in Family Group subjects were 
treated; In Tablan, only symptomatic parasltemlas were treated, para- 
sltemlc subjects In Bu Phram were treated approximately three times as 
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often (Table VII).   Nevertheless, the average number of episodes of 
parasltemla experienced was ülmllar to that of Tablan.   The average 
number t>f episodes of gametocytemla and parasite densities experienced 
were also similar. 

Subjects from either the Family Group or Sickcall Group under twenty 
years of age and with falciparum parasitemias higher than 1000 asexual 
parasites per cubic millimeter of blood were treated with chloroqulne to 
determine til" pioportion of chloroguine-resistant P.falciparum strains. 
Thirty-eight such subjects were found, treated.and followed for 28 days 
(Table VIII).   Only five of the 38(0.13) were cured of their infection. The 
m&jority of strain reponses were of the R2 pattern.   Subjects cured of 
their infections were somewhat older(median age 11.0 years) than those 
with resistant infections (median age 6.0).   Subjects with either sensitive 
or resistant infections were equally distributed by sex and village. 

Subjects not responding to chloroqulne and having continuing symp- 
toms(R3 pattern) were treated with quinine; all were cured.   Subjects from 
among those described above, if not symptomatic, were retreated with 
chloroqulne if they had received no other treatment and if their parasite 
density was still greater than 1000 per cubic millimeter on day 28 of 
follow-up.   Of five such subjects, three demonstrated falciparum infections 
"more sensitive" to chloroqulne on retreatment (Table K). 

Sickcall was held weekly to identify parasltemic persons outside the 
Family Group.   The majority of persons presented with complaints seemingly 
unrelated tc parasltemla.   Parasltemla was suspected and capillary blood 
for smear taken from 303(0.18) of the 1963 persons seen.   One hundred 
fourteen(0.38) of these 303 persons were infected with P.falciparum and 
33(0.11) with P.vivax.   All parasltemic persons found at sickcall were 
treated with chloroqulne. 

Feasibility of Prophylactic Antimalarial Drug Trials:    The prospects 
for successful completion of a prophylactic antimalarial drug trial were 
assessed using census data, participation rate data, and infection rate 
data obtained during the study period.   In a trial restricted to persons 
ten years of age and older, 937 persons(0.73 of the population)  would 
be eligible for study.   The minimum number of subjects required was cal- 
culated, based on the following assumptions:   1)   parasltemla rates similar 
to those observed during the previous study, 2)  A two-fold reduction of 
falciparum parasltemla by the drug understudy, and 3) participation rates 
higher than the lowest rate attained during the previous study(55 percent). 
A minimum of 103 subjects, in each of the study groups(drug a.      'acebo) 
would be required.   Thus, such a drug trial is feasible. 
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Table I. Age-specific incidence rates for falciparum and 

vivax parasltemias among tamily Group subjects. 

— 

Age group Population Falciparum V'vax Parasltemias 
at risk pa^sitemia parasitemia combined 

<: 1 17 2(0.12)* 1(0.06) 3(0.18) 

1-4 35 14(0.40) 10(0.29) 24(0.69) 

5-9 37 20(0.30) 11(0.30) 31(0.84) 

10-19 50 30(0.60) 14(0.28) 44(0.88) 

20-29 45 22(0.49) 11(0.24) 33(0.73) 

30-39 33 11(0.33) 5(0.15) 16(0.48) 

MO 35 18(0.51) 6(0.17) 24(0.69) 

All ages 2 52 117(0.46) 58(0.23) 175(0.69) 

Number (proportion) Infected. 
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Table II.    Sex-specific incidence r?tes   for falclparum and 

vivax parasltemlas among Family Group subjects. 

Sex Population 
at risk 

falclparum 
parasitemia 

Vivax 
parasitemia 

Parasltemlas 
combined 

Male 

Female 

127 

125 

69(0.54)* 

48(0.38) 

33(0.26) 

25(0.20) 

102(0.80) 

73(0.58) 

Both sexes 252 117(0.46) 58(0.23) 175(0.69) 

Number (pronortion) infected 
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Table III.   The relationship of a history of overnight absence 

from the village to falclparum and vlvax parasltemias in Family 

Group subjects. 

Absence history Population Mo- (proportion) 
Infected 

Absent 

Not absent 

58 

146 

42(0.72) 

76(0.52) 

Total 204 118(0.58) 
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Table IV. Nighttime activities of 22 Family Groups observed 

during biting collections. 

Time period Activity 

Inside house Asleep Under mosq. net 

1800-1900 0.67+ 0.05 0.01 

1900-2000 0.88 0.28 0.14 

2000-2100 0.95 0.75 0.48 

2100-2200 0.96 0.92 0.57 

2200-2300 0.97 0.93 0.60 

2300-0500 1.00 1.00 0.55 

0500-0600 0.98 0.72 0.64 

These represent 50% of the Family Groups 

proportion of persons observed. 
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Table V. P.falciparum Infection rates and average number of parasltemlc 

episodes In G-6-PD deficient, heterosygous, and normal Family Group 

members. 

Population Sex 
No. 

persons 
No. 

(proportion) 
Infected 

No. of 
parasltemlc episodes 

Total Average + 

Deficient 

Deficient 

Heterozygous (test) 
* 

Heterozygous (all) 

Male 

Female 

Female 

Female 

13 

2 

9 

15 

9(0.69) 

0 

2(0.22) 

4(0.27) 

45 

0 

4 

10 

5.0 

0 

2.0 

2.5 

Enzyme-normal 
relatives 

Male 

Fema le 

24 

20 

9(0.38 

4(0.20) 

31 

8 

3.4 

2.0 

Remainder of 
Family Group 

Male 

Female 

73 

72 

39(0.53) 

30(0.42) 

105 

129 

2.7 

4.3 

This group includes Individuals classified by pedigree as well as by the 
methoglobln elutlon test. 

t- 
Number of parasltemlc episodes per infected person. 
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Table VI.   Parasitemlc and non-parasltemlc-assoriated fevers among 

Family Group subjects 

Smear No. infected 
subjects 

No. paras italic 
episodes 

No. febrile 
episodes 

Proportion 
febrile 
episodes 

P.falciparum 118 421 36 0.06 

P. vivax 57 104 12 0.12 

Negative n 0 48 0.01* 

Based on 3219    neaanve smears 
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Table VII. The effect of chloroquine treatment on the number of episodes of 

falciparum parasitemia. 

No. subjects 
Infected, total 

No. treatments No. episodes of parasitemia 
Village 

total per Infected 
subject 

total per Infected 
subject 

Bu Phram 

Tablan 

62 

56 

172 

50 

2.8 

0.9 

229 

190 

3.7 

3.4 
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Table VIII. Response to chloroqulne treatment of selected 

Family and Slckcsll Group subjects with falciparum parasltemlas. 

Response pa ttern Number Proportion 

Sensitive 5 0.13 

Rl 6 0.16 

R2 22 0.58 

R3 5 0.13 

Total 38 1.00 
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Table K.     Response to chloroquine retreatment of selected 

Family and Slckcall Group Subjects with falclparum parasltemlas. 

Patlen.(sex, age) Initial response Retreatment response 

B   48 {F,8) Rl Rl 

SB   34 (F,3) R3 R2 

B   12 (F,7) R2 R2 

SB   59 (r,6) R3 S 

SB   45 (F,6) R3 Rl 
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Ecology of Malaria Vectors 

Principal Investigators :      Douglas J. Gould, Ph.D. 
R. N. Wilkinson, OPT, MSC 

Associate Investigators :    Kol Mongkolpan/a 
Larp Panthusirl 
Prajim Boonyakanist 

OBTECTIVE :   To investigate the bionomics and population dynamics 
of known and potential vectors of human malaria in Southeast Asia 
and their relationship to the dissemination of chloroqulne resistant 
strains of P. falciDarum. 

DECCRIPTION :  Specific factors being studied in the process of 
defining actual and potential vector species in Thailand include the 
following:  incidence of malarial oocysts and sporozoites in wild 
anopheline populations, susceptibility of colonized strains of 
Anopheles to infection with P, faldParum. patterns of biting activity 
of vector species, ovipositional habits of anopheline mosquitoes and 
the viability their eggs under varying environmental conditions. 

PROGRESS : 

1)    Malaria field studies in Prachinburi province.    Entomological 
field studies were carried out in Prachinburi province in support of 
a longitudinal  study of the epidemiology of malaria in the area.   The 
study site was located in a forested valley in the mountains about 
100 Km south of Korat and, malaria is endemic in the human population 
of the area.   Periodic collections of adult and larval anophellnes 
were made in and near the villages of Ban Bu Phram and Ban Thap 
Lan.   Initially, a comparison was made of the number of anopheline 
adults attracted to CDC light-traps and lard-can traps, both baited 
with a CO2 attractant (dry-ice), and those obtained from concurrent 
human-bait nolloctions.   Use of the two types of traps was dis- 
continued because they yielded few mosquitoes, and the collection 
of anophellnes resting inside and outside houses and biting human 
subjects was relied upon thereafter.   A total of 35 nighttime 
collections, made between dusk and dawn, were carried out at weekly 
intervals In the two villages from June 1971 through March 1972. 
Weekly collections were terminated at the end of the rainy season 
in November, and begun agtin in February 1972 during the peak of 
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the dry season.   During the latter period collections were also 
made at a logging camp In the forest 2 miles NW of Ban Bu Phram. 
A total of 571 4. balabacensls females were collected over the 
whole period (Table 1).  Smaller numbers of^, minimus. A, acon^tus 
and A, m^cylatus females were also collected.   The largest number 
of balabacensls were collected during June and July; both villages 
were sprayed with DDT at the end of July and comparatively few 
balabacentls adults were collected thereafter (Tab)e 2), A. bala- 
bacensls was the only anophellne found Infected during this period, 
and the overall Infection rate for the 571 ^, balabacensls collected 
during the study period was 1,#%,   Two Infected mosquitoes were 
collected In each of the following situations: biting indoors, biting 
outdoors, and resting outdoors.   Biting activity by balabacensls 
began outdoors as early as 1900 hours and Indoors by 2000 hrs. 
Biting activity reached a peak between 2300-2400 hrs, however the 
differences in hourly collections between 2100 and 0400 outdoors 
and between 2200 and 0500 Indoors were small.  4, balabacensls 
were collected resting outdoors from 1900 to 0500 and Indoors from 
1900 to 0600.   Peak numbers were found resting outdoors between 
2200-2300 hours and between 2000 and 2300 hours indoors. 

Efforts were made during this period to locate the daytime 
resting places of adult ^. balabacen"^. but only three males and 
two females were collected during daylight hours resting in an 
abandoned charcoal pit near Ban Bu Phram.   No A. balabacensls 
adults were collected resting in vegetation during daylight hours, 
even though collections were begun at daybreak in areas where A. 
balabacensls had been collected the previous night or when these 
collections were conducted near known ovlpositlonal sites. 

Larval habitats of 4« balabacensls in the vicinity of Ban Bu 
Phram and Ran Thap Lan were located and described.  During this 
period balabacensls larvae were found in 43 ground-pools in 18 
locations.   Once discovered these pools were visited weekly and 
sampled for larvae.   The temperatures and pH of water in these 
pools were measured weekly.   The majority of these pools were 
formed by elephant footprints, however larvae were also collected 
from water which collected in buffalo hoofprints   wheel ruts, natural 
depressions and in fallen tree trunks.   All these sites were shaded 
from the sun during part of the day.   The daytime water temperatures 
ranged from 26 to 310C and the pH values ranged from 6.0 to 7.0 
throughout the study period.   Larvae were present in one or more of 
these sites from June until November.   Because of Irregular rainfall, 
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the majority of the larval pools were intermittently dry, and none 
had balabacensis larvae continuously during the period of observation. 
Larvae of at least 8 other anopheline species were col]acted in 
association with 4. balabacensis. including^, barbirrstris. rnftiMrs 
of the ^.. hyrcanus complex, 4, barbumbrosus. £. hodckini. 4. 
insulaeflorum. 4* kochi. 4. tesselatus and 4, vaous.   Throughout 
the rainy season samples of moist soil were taken from edges and 
bottoms of dry pools from which balabaconsls larvae had been 
previously collected.   These samples were returned to the laboratory 
and Immersed in pans of water.   One hundred twenty such samples 
were obtained and first stage balabacensis larvae were recovered 
from 10.   Premumably the^e larvae hatched from eggs present in the 
soil samples, although it is also possible they represented larvae 
trapped in '.he mud at the bottoms of the drying pools.   However, 
the former assumption is supported by the observation that gravid 
balabacensis females from the SMRL colony, given the opportunity 
to oviposit in pans containing pools of water in a sand substrate, 
deposited their eggs only on the sand at the margins of the water 
rather than on the surface of the water.   In addition, eggs of 
colonized Ä.. balabacensis have remained viable for up to 56 days when 
kept on moist filter paper in SMRL laboratory. 

Rainfall c;eased in Ban Bu Phram valley on 4 November, and all 
larval pools under observation on the valley floor were dry by 15 
November.   During the remainder of November and in December 
efforts were made to locate balabacensis breeding sites at the 
margins of the forested hills surrounding the valley where water 
was still present in stream beds and seepage areas.   Larvae of A. 
balabacensis were found in such sites during November and December, 
but no larvae were collected between January and March 1972, 
although suitable larval habitats were still present.   Larvae of A. 
balabacensis were obtained from soil collected from two former 
breeding sites during December, but samples collected between 
January and March were negative. 

2)    Susceptibility of A. b^labacen^ly and ^. n^nipius to infection 
with P. falcluarum.     A study was undertaken to determine if there 
is a difference In the susceptibility of colonized strains of 4. bala- 
bacensis and 4. minimus to infection with naturally occuirtng i^ 
falciparum in an area where chloroquine resistant falciparum is 
endemic.   This study was conducted in the town of Phra Phutthabat, 
Saraburi province approximately 130 km north of Bangkok.   Laboratory 
reared A. balabacensis and A, minimus from SMRL colonies were fed 
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simultaneously on 36 persons with P, falclparum infections.   These 
subjects came from a wide ana of central Thailand for treatment of 
acute malaria at either the local hospital or Malaria Eradication 
Center in Phra Phutthabat.   Only those with single infections of 
P. falclparum and gametocyte densities of at least 100 per cmm 
were selected for study.   Mosquitoes which engorged on these 
subjects were dissected eight to ten days later, and the oocysts 
present on their guts counted.   The proportions of mosquitoes 
which had oocysts (per cent positive) and the mean number of 
oocysts per infected female (oocyst index) were u^ed to compare 
he susceptibility of the two mosquito species.   The results of the 36 

attempts to Infect the two mosquito species are summarized in 
Table 3,   More A. balabacensis fed and were dissected than A, 
minimus.   Sixteen of the 36 subjects were infectious for A. minimus, 
while A. balabacensis were Infected by these and an additional 
eight subjects.   Twelve of the subjects were non-infectious for 
both mosquito species.   The results of the 16 paired feedings 
which resulted in infection of both mosquito species are summarized 
in Table 4.   The medians of per cent positive and oocyst numbers 
were 2.5 and 4.5 greater, respectively, for 4.. balabacensis than 
for A. minimus.   The results of the feedings on the eight subjects 
which infected only 4/ balabacensis are presented in Table 5, 
There were no noticeable differences in size or morphology of the 
oocysts which developed in the two species. 

The A, balabacensis andj^ minimus oocyst indices from 13 
subjects are shown in Figure 1,   The results were highly correlated 
(r = ,80, p<,01).   In Figure 2 are presented the pe/cent positive 
results for these 13 subjects; association was less marked (r = ,39, 
p <. 15),   The data from the additional three subjects which infected 
both species are not included in Figures 1 and 2 because in each 
cas'-. less than ten 4. minimus were dissected and, of these, only 
one was infected. 

The percents positive for both mosquito species were also 
compared with the gametoc/te densities in the subjer*s.   When 
mosquitoes were Infected, larger proportions of 4« t   ^bacensis 
were infected at 6«ch gametocyte density,   Howevei, the association 
between gametocytemia and proportion infected for the above 
mentioned 13 subjects was not appreciable tor either 4» balabacensis 
{r = 0,36f p<,15) or A, minimus (r = .15, p<.50).   Similar   results 
were obtained for both mosquitoes when oocyst indices were compared 
with levels of gametocytemia.   The gametocyte densities and 
percentages of mosquitoes infected for f.ll 36 subjects are shown 
In Figure 3. 
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Table 1.   Numbers of 4* balabacensis Collected 
In Ban Bu Phram Valley. 

Location 
Biting               |            Resting 

Total 
Outdoors Indoors     Outdoors Indoors 

Vllldge 

Foiest 

Totals 

161 

11 

193             111 

1               44 

45 

5 

510 

61 

172 194      |     155 50 571 
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Table 3.   The median and range for the number of 
engorged and dissected mosquitoes 

(groups of 50/ for 36 attempted infections. 

A- balaba( :en£i.s 4. nMroup 
Infected Not Intecteä Intected Not Intected 

No. groups 24 12 16 20 

No. fed 
Median 

Range 

41.5 

31 -49 

38.0 

18 - 48 

25.5 

7-42 

22.5 

7-44 

No. dissected 
(survived) 

Median 

Range 

37.5 

30 - 47 

32 

15 - 47 

20.0 

6-38 

17.5 

6-33 

Percent fed 
dissected 90.3 84.2 78.4 77.7 
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Table 4.   Results of dissections of 16 groups of 4« balabacensls 

and ^, minimus when both groups were oocyst positive. 

Median 

Range 

4. balab^cengjs 4. inJnlmus 

Percent positive 
83.3 

6.5 - 100 

33.2 

3.9 - 69 

OocystIndex 
Median 

Range 

13.4 

1.4-248 

3 

2 -42 
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Table 5.   Results of dissections of eight groups of ^. balabacensis 

when the corresponding 4# minimus group negative. 

Percent positive 
Median  -    36 

Range     -    2.3 - 100 

Oocyst index 
Median  -    1.5 

Range     -    1-34.8 
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Effect of Sulphamethoxazole-trltnethoprim on the Viability 
of Plasmodlum falciparum Gametocytes, 

Principal Investigators : Rowland N. Wilkinson 
Edward J. Colwell 
Douglas J. Gould 

Associate Investigators : Attaya Boonyakanlst 
Dumrong Charoendhum 

OBJECTIVES :    Previous investigations have shown that a combina- 
tion of sulphamethoxazcle, a long active sulfanlmide, and trimetho- 
prim, a folic acid antagonist, was effective in the treatment of £, 
falciparum asexual parasltemias.   However, this combination was 
not gametocyticldal and no investigations were conducted to 
examine its sporonticidal efficacy.   The purpose of this investigation 
was to determine the sporonticidal effects of sulphamethoxazole- 
trimethoprlm on the gametocytes of natural infections of P. falciparum. 

DESCRIPTION : Subjects who were ill with falciparum malaria and 
whose pretreatment blood smear examination demonstrated gameto- 
cytes were hospitalized at the Phra Phutthabat District Hospital and 
were administered 2 tablets consisting of 400 mg sulphamethoxazole 
and 80 mg trlmethoprim twice dally for 7 1/2 days.   Groups of 50, 
colonized, 4» balabacensis were fed on subjects who had at least 
100 gametocytes per emm after completion of therapy.   These 
mosquitoes were dissected for oocysts and/or sporozoltes 7-18 
days after feeding on the patients. 

PROGRESS :   Gametocytes persisted in the blood of all patients during 
and after treatment.  4« balabacensis were fed on 10 subjects 
which had been treated with the 7 1/2 day course of sulphamethoxa- 
zole-trimethoprlm,   Oocysts and/or sporozoltes were demonstrated 
in 6 of the 10 lots of mosquitoes Indicating that the treatment had 
no sporonticidal effects. 
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Mosquito Fauna of Thailand 

Principal Investigators : Douglas J. Gould, Pn.D. 
Bruce A, Harrison, OPT, MSC* 
Y. M, Huang, Ph.D.* 
E. L. Peyton* 
Rampa Rattanarlthlkul 
John E. Scanlon, Ph.D.* 
Sunthorn Slrlhanakarn* 
R. N, Wilkinson, CPT, MSC 

Associate Investigators : Prajlm Boonyakanlat 
Kol Mongkolpanya 

OBIECTIVE :    To collect, identify, catalogue and redescrlbe the 
mosquito species of Thailand.   Information Is also gathered on the 
distribution, larval habitats and other aspects of the bionomics of 
various species.   The eventual goal is the production of monographs 
on the mosquitoes of the area, together with keys, handbooks and 
other identification aids, for use of workers In public health and 
associated field. 

DESCRIPTION :   Mosquitoes are collected from many areas of Thailand 
In connection with various studies on malaria and other arthropod- 
borne diseases. Additional collections of a specialized nature are 
made to obtain a correlated series of larvae, pupae and adults for 
Illustration and taxonomlc studies.   The majority of this material Is 
shipped to Smithsonian Institution for study by specialists In the 
Southeast Asia Mosquito Project (SEAMP). 

PROGRESS :    During this year 234 mosquito collections were made in 
5 provinces of Thailand.   The majority of the collections were made 
in Prachinburi province.   These collections resulted in 1344 pinned 
adults, 2630 slide mounts of larvae, larval and pupal skins and 83 
slide mounts of terminalia.   Results of the mosquito collections made 
during this period are as follows : 

Anophelas - During this period emphasis was placed on collecting 
Anopheles (Cellia) balabacensls.   Larvae of this species were collected 

* SEAMP, Smithsonian Institution, Washington, D.C. 
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from small shaded pools In scrub and deciduous forest, these pools 
were formed in elephant foot-prints, wheel ruts, seepage areas, 
hollow logs, crab holes and fallen tree trunks.   Anopheles balaba- 
censis larvae were collected in association with Aedes (Aedimorphus), 
Aedes (Neomacleava). and Culex (Culiciomvda) as well as other 
Anopheles species. 

Aeaes - Taxonomic studies on species of the subgenus Steqomvia 
were continued.   Aedes (§..) w-albus was collected in a water Jar in 
Chanthaburl province in association with Aedes (§] albopictus and 
Culex (Cullciomvia) fraqilis.   The only previous record of the species 
in Thailand was from Khon Kaen in 1966.  Aedes (§) £. malavensis 
was collected from rock pools along the coastal areas of Koh Samui, 
Surat Thani province, and from bamboo cups in Nonthaburi province. 
Attempts to establish colonies of Aedes (Aedimorphus) mediolineatus 
and Aedes (Neomelaniconion) lineatopennls by natural mating failed 
in the second generation.   Two possible new species of Aedes were 
collected in Prachlnburl province.  Aedes (Paraedes) up, larvae were 
collected in an elephant footprint and in a crab hole.  Adults of this 
species were collected both in light traps and biting man.  Aedes 
(Neomacleava)sp. larvae were collected from an elephant footprint. 
Twenty one other species of this subgenus had been previously 
collected in Thailand in 1968. 

Culex - Studies of subgenus Culex were continued.   Culex 
alienus a member of Culex vishnui subgroup which had been recorded 
only In Trat province was collected from a ground pool In Chanthaburl 
province.   Culex whitel. another species of the Culex vishnui subgroup, 
was collected from stream pools in the Ban Bu Phram area in association 
with Culex fuscocephala. Culex qelldus and Culex trttaenlorhvnchus. 
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A Review of the Drug Sensitivity of Plasmodlum Falclparum in Thailand 

b^: LTC Edward J. Colwell, MC 

OBJECTIVE:   Twenty-five years ago, the Introduction of chloroquine for 
suppression and cure oi .he human malarias appeared to offer a highly 
effective tool, in conjunction with vector control, for malaria eradicat- 
ion programs.   However, the emergence of chloroquine resistant strains 
of Plasmodlum falclparum  had made the goal of eradication less tangible 
than that anticipated in earlier forecasts and has stimulated intensive 
studies on a search for alternative regimens for chloroquine.   The pur- 
pose of this report is to review the historical aspects of chloroquine 
resistant falclparum malaria in Thailand with particular reference to its 
prevalence, geographic distribution and alternative treatment programs. 

DESCRIPTION:   The history of chloroquine resistant falclparum malaria 
in Thailand begins with the report of Professor Tranakchit Harinasuta 
and associates (1962) from the Faculty of Tropical Medicine in Bangkok, 
in which they reported chloroquine treatment failures in nine patients 
infected with P.falclparum.  At approximately the same time, an American 
serviceman on temporary duty in Thailand contracted falclparum malaria. 
During the next 7 months, he received multiple courses of chloroquine, 
each ranging from 1.5 to 2.1 gm base, without achieving a radical cure 
(Young et al., 1963).   Infected blood from this patient   was intravenous- 
ly inoculated into non-immune volunteers and subsequent drug sensitivi- 
ty studies demonstrated that this strain, called the JHK strain, was also 
resistant to mepacrine, proguanil, pyrimethamlne and amodiaquine(Young 
et ah , 1964).   Quinine treatmehtwas ultimately necessary to produce a 
radical cure in both the naturally and experimentally infected subjects. 

During the next decade, studies of the prevalence and geographic 
distribution of P.falclparum strains resistant to chloroquine have been 
reported by investigators from the Faculty of Tropical Medicine and the 
SEATO Medical Research Laboratory, and the results are illustrated in 
Figure 1. 

Harinasuta and colleagues {1965)admlnlstered a conventional course 
of chloroquine (I.e., 25 per kg) to Infected patients who were hospital- 
ized in Bangkok.   Under the conditions of their study, prolonged follow- 
up examinations were possible and natural transmission was unlikely. 
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Only 2(5%) of 42 patients experienced a radical cure.   In the remaining 
40 subjects, 28 exhibited an initial disappearance of parasltemia and 
symptoms followed by a recrudescence and 12 had only partlcal clear- 
ing of asexual parasites.   In a subsequent report by Harinasuta et al. 
(1967), conventional chloroqulne therapy was given to 65 hospitalized 
patients  in Bangkok, who were acutely 111 with P.falclparum infections. 
Not a single radical cure was achieved. Incomplete clearance of asexual 
parasites was observed In 40 patients and a recrudescence occurred in 
the remaining 25 patients who had experienced Initial clearing.   The 
subjects examined In the 2 reports by Harinasuta et al. resided in many 
areas of Thailand and these investigators suggested that strains of P.- 
falclparum   resistant to chloroqulne were distributed throughout the en- 
tire nation. 

While personnel of the Faculty of Tropical Medicine were concen- 
trating their efforts on hospital based patients In Bangkok, investigators 
from the SEATO Medical Research Laboratory were conducting studies on 
the prevalence and geographical distribution of strains resistant to chlo- 
roquiune In rural areas of Thailand,   In 1966, Bourke and associates re- 
ported a reduced sensitivity of P.falclparum to chloroqulne among resid- 
ents of 3 southern provinces bordering Malaysia. They observed that 80% 
of 307 infected residents who were given a single dose of chloroqulne 
(10 mg per kg) still exhibited asexual parasites3 days later.   Previous 
investigations in Southeast Asia which were reviewed by Sandosham et al. 
(1964) showed that a single dose of 10 mg per kg was generally sufficient 
to clear asexual parasitemlas within 3 days. 

These field studies were extended by Cadlgan and colleagues(1968) 
to other provinces in the southern, central and northcentral areas of 
Thailand.   Infected subjects were given 25 mg per kg of chloroqulne base 
and follow-up blood smears were obtained one week after commence- 
ment of therapy.   The proportions of unsatisfactory parasite responses 
ranged from 6% In the central province of Saraburl to 85% in the northcen- 
tral province of Loel. 

During the 1970 summer peak of malaria transmission in Central 
Thailand, investigations of chloroqulne resistant malaria were renewed at 
Phrabuddhabat Hospital, Saraburl Province, which was an area previously 
surveyed by Cadlgan and associates(1968).   The objective of these studies 
was to assess the reliability and reproduclblllty of a rapid In vitro technique 
described by Rieckmann et ah (1068) for detection of chloroqulne resistant 
strain»» of P.falclparum. This technique consist« simply of an In vitro cul- 
tivation of parasitized blood with glucose as tho only added nutrient.   The 
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Indicator response is the degree of trophozoite maturation to schizonts 
in vials containing zero or graded concentrations of chloroquine. 

Concurrent in vivo and in vitro responses to cnloioqulne were 
measured in 57 patients Infected with P.falclparum  (Colwell et al_., 
1972 a).   Treatment failures following conventional chloroquine ad- 
ministration were observed in 55(96%) of the 57 subjects.   All 57 in- 
dividuals had parasites which exhibited chloroquine resistance In vitro. 
It is conceivable that in the two subjects who were cured, the additive 
effects of host immunity and treatment were sufficient to produce a 
radical cure even thoogh the parasites were relatively resistant in vitro. 

Investigations of the in vitro sensitivity of P.falclparum have also 
been conducted in Nong Khal(northeast), Trat(southeast) and Yala (south) 
provinces in Thailand.   The subjects examined in these 3 areas consisted 
primarily of acutely ill subjects seeking treatment at a local government 
health facility in the provincial capital city.     However, 20 of the 43 
subjects examined at Nong Khal were a symptoms tic. Infected residents of 
a remote rural village(Phon Phi Sal), who had not actively soughv treat- 
ment from a government health facility.    The proportions of reslstent 
strains detected by the in vitro Rieckmann test at Nongkahl and Trat were 
approximately 90% (Hlckman et aK , 1971).   Utilizing the same technique 
in Yala Province (south), our current studies have yielded a similar high 
rate of chloroquine resistant strains. 

Among the alternative treatments for chloroquine which have been 
investigated In Thailand are quinine, atabrlne^sulfonamides, folic acid 
antagonists, tetracyclines and various combinations of these agents. 
Table 1.   summarizes the radlcdl cure rates obtained with these alter- 
nate regimens reported during the past decade. 

Quinine still appears highly efficacious in controlling symptoms 
and promoting rapid clearance of asexual parasltsmias of P.falclparum 
in acutely ill patients.   However, few reports are available concerning 
the efficacy of quinine therapy alone In effecting radical cures of fal- 
ciparum malaria.   In addition, the optimal duration of quinine adminis- 
tration for effecting radical cures is still open to question.   In South- 
east Thailand, Colwell and associates(1972 b) examined the efficacy 
of a combination of quinine and chloroquine in acutely ill subjects. 
Thirty-six infected subjects were given a 3 day course of quinine at 
dally dose of 1.62 gm base, followed by a conventional (!_. e., 25 mg 
kg) course of chloroquine.   During the one month follow-up period, 
only 41% of these patients experienced a radical cure.   Harinasuta 
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et ah (1965) examined the efficacy of a 4 and 5 day course of quinine 
at the same dally dose.   Although their patients exhlb.ted Initial clearing 
of asexual paiasltemlas, all experienced a recrudescence.   More recently, 
the efficacy of a 7-10 day course of quinine was Investigated in residents 
in of Saraburl Province (Colwell et JK 1972 c).   Thirty-four acutely ill patients, 
many of whom were severely ill with high densities  r  asexual parasites, 
were administered a 7-10 day course of qulni e at dally dose of 1.62 gm 
base.   All subjects experienced initial clearing ot asexual parasitemias 
ranging from from 1 to 6 days(mear clearance was 3.» days).   In 12 patients, 
blood smear examinations were obtained for one month after commencement 
of therapy and none exhibited a recrudescence of P.falclparum .   These lim- 
ited investigations suggest that quinine remains highly effective for treatment 
of falciparum malaria in Thailand.   Only 1 Isolated case of a poor response 
to quinine administration had been reported in Thalland(Pinswasdi and Cha- 
roenkwan,  1965). 

Several Investigations have been conducted to examine the effects of 
a bingle dose of a long acting sulfonamide, aione or in combination with 
pyrimethamine, against P.falclparum infections.  Harlnasuta et al.(1967) 
administered a single dose of sulphormethoxlne (1000 mg) to 18 Infectec. 
subJectF who nad recently experienced chloroquine treatment failures.   Rad- 
ical cures were reported In 11 of these individuals.   When 50 mg of pyrimetham- 
ine was added to the sulfonamide, 17 of 19 infected individuals experienced 
a radical cure.   The latter combination was associated with a more rapid onset 
of action than the sulfonamide alone, as reflected by mean parasite clearance 
times of 2.9 and 5.7 days, respectively. 

Tawaramorn and his naval medical colleagues (1970) also examined the 
effects of i single dose administration of sulphormethoxlne and pyrimetha- 
mine at the same doses employed by Harlnasuta et ai(1967).   The majority 
of their fnfected subjects were marine and naval personnel who contracted 
P.falclparum in a single dose and radical cures were reported in all patients. 
The mean clearances of fever and asexual parasitemla in this study were 
considerably loner in comparison with the eraller report of Professor Harlnasuta 
and associates (1967). 

A comparative evaluation of a single dose administration of sulphor- 
mfcthoxine-pyrimethamine and sulfalene-trimethoprim was recently completed 
jt Trat Provincial Hospital in Southeast Thailand (Chin et al., 1971). 
Adult males were administered a single dope of sulphormethoxlne (1000 mg) 
- pyrimethamine (50 mg)  or 3ulfalene(100U mg) - trlmethoprim (500 mg). 
Radical cures  were achieved in 91% of 34 subjects treated with the sul- 
phormethozlne-pyrlmethamine  regimen  and in 84% of 31 patients administered the 
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sulfalene-trimethoprim regimen.   These rates weic not significantly differ- 
ent.   The mean clearances of fever and asexual parasites in both treatment 
groups were similar and were comparable to those reported by Harinasuta 
etal.(1967). 

In Central Thailand, Benjapong et al. (1970)evaluated the antlmalarial 
activity of a combination tablet of sulphamethoxazoleUoo mg)  and trimetho- 
prlm(80 mg) in dcses recommended for treatment of bacterial infections.   Ad- 
ministration of 2 tablets twice daily for one week resulted in a presumptive 
radical cure in 17 of 18 patients of whom two had experienced recent chloro- 
quine treatment failures.   Gametocidal effects were not observed and no 
significant toxic complications were reported.   Although a single dose ad- 
ministration of a sulfonamide and folic acid inhibitor has its obvious ad- 
vantages over multiple doses, further studies are warranted to assess thera- 
peutic effectiveness and untoward side effects of these alternative regimens. 

In addition to investigations of conventional antlmalarial drugs, the 
therapeutic efficacy of the tetracycline family of antibiotics had been 
examined in subjects residing at Trat Province in Southeast Thailand(Colwell 
eta]., 1971 b).    Sixteen asymptomatic subjects of whom 8 had experienced 
treatment failures with chloroquine were given a 10 day course of oral tetra- 
cycline (250 mg every 6 hours) and blood smear examinations were accom- 
plished for one month after commencement of therapy.   Presumptive radical 
cures were demonstrated in 12 of 16.   In the other 4 patients, tetracycline 
was discontinued within 72 hours because of the development of fever, 
headache and chills.   The mean parasite clearance time of 4.7 days in 
the successfully treated patients is significantly longer than the clearance 
times associated with quinine and chloroquine treatment of susceptible strains 
(Handfield-Jones, 1949; Jefferey gift!,, 1956). 

The antlmalarial activity of tetracycline was also evaluated in acutely 
ill subjects with P.falciparum  infections in a subsequent phase of the pre- 
ceding study (Colwell et al., 1971 b). Because of the slow rate of tetracy- 
cline action,   all subjects were given a 3 day course of conventional 
quinine therapy to control Initial symptoms, followed by either a 10 day 
course of tetracycline cr a conventional course of chloroquine.   Treatment 
failures were observed in 15(58%)  of 36 patients treated with quinine- 
chloroquine, but in only one (3%)   of 31 patients administered qüihine-te- 
tracycline.   The difference in the failure rates was very highly significant. 
The single subject who experienced a treatment failure with quinine-tetra- 
cyrline exhibited initial clearance of asexual parasites followed by a re- 
appearance of trophozoitas on the 28th day of observation, possibly re- 
flecting reinfection rather than resistance.    Although the prolonged course 
of tetracycline and its relatively delayed rate of action limit Its antlmalarial 
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efficacy, Its lack of toxicity and high degree of effectiveness, partlculary 
against resistant P.falclparum  strains, warrant further study. 

Mlnocycllne, a new synthetic tetracycllne analogue, was subsequently 
evaluated for its antimalarlal efficacy at Prapokklao hospital, Chantaburi 
Province In Southeast Thailand (Colwell et al., 1971 d).   The experiences 
of the staff physicians at this location indicate that this area is also highly 
endemic for chloroquine resistant falclparum maltrla.   Acutely ill subjects 
with P.falclparum infections were given a 3 day course of quinine to con- 
trol Initial symptoms, followed by the administration of 100 mg mlnocycllne 
twice daily for one week.   Presumptive radical cures were observed in all 
but one of 28 patients.   The single subject with a treatment failure exhibited 
a reappearance of trophozoites on the 24th day of observation, and, hence, 
could have been relnfected.    Additional studies are needed to evaluate 
the toxic side effects of this new tetracycllne analogue in nian.   Rieckmann 
and associates (1971) have recently reported that tetracycllne courses of 
5 or 7 days were highly effective in terminating P.falclparum infections in 
partially immune volunteers who had low density asexual parasitemlas. 
Similar to our studies, these investigators observed delayed clearances of 
fever and asexual parasitemlas with tetracycllne treatment alone.    In an 
effor': to reduce cost and duration of quinine-tetracyclines cpmblnations , 
yet maintain effectiveness, we have renewed our In vivo drug sensitivity 
studies at Phrabuddhabat and Trat.  Acutely ill adults intected with P. 
falclparum  were given quinine (1.62 gm) for only one day and, at the same 
time, tetracycllne therapy was initiated at a dose of 250 mg, 4 times a day, 
for only 7 days.   A presumed radical cure was demonstrated in 25 of 29 
patients who were followed for at least one month. 

PROGRESS:    Chloroquine resistant falclparum malaria appears to be dis- 
tributed throughout all of Thailand and, in areas of intensive study, the majority 
of these strains are resistant to conventional doses of chloroquine.  At 
localities in which low rates of resistance have been reported, these estimates 
may be conservative because subcurative dos^s (i.e.., 10 mg baseAs) of 
chloroquine were administered and>br prolonged follow-up examinations were 
not accomplished.  According to recommendations of the World Health Organ- 
ization (1968), chloroquine sensitivity should not be presumed until blood 
smear examinations remain negative for asexual parasites of P.falclparum 
for at least 28 days after commencement of chloroquine treatment at a dose 
of 25 mg per kg body weight. 

Other considerations, in addition to inadequate follow-up examinations, 
may obscure interpretation of in vivo drug sensitivity studies.   These Include 
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r 
lack of drug Intake supervision, exposure to reinfection and partial im- 
munity of the sample population.   These restrictions of in vivo studies 
can be eliminated by the utilization of a simplified in vitro technique for 
detection of drug resistance.   Within certain limitations, the simplified 
in vitro  technique described by Rieckmann and colleagues (1968) for detec- 
tion of chloroquine resistant falclparum malaria proved in our investigations 
to be a rapid and reliable test that demonstrated a qualitative index of 
chloroquine resistance in Central Thailand(Colwell et^al.., 1971 a). 

Among the alternative treatments for infected residents in endemic 
areas for chloroquine resistant falciparum malaria, the more promising 
regimens, with regard to cost, toxtclty and efficacy are the single dose 
administration of sulphormethoxine-pyrimethamine and the multiple dose 
administration of quinine-tetracycline.   The single dose schedule is part- 
icularly attractive for mass control campaigns wherein repeated supervis- 
ion of drug intake is obviated.   Although preliminary investigations of the 
efficacy of the sulfonamide-folate inhibitor combination in Thailand have 
demonstrated a high degree of efficacy, several disadvantages of this 
combination could preclude its mass use.   Among the disadvantages are 
the lack of sporontocidal activity, the potential emergence of P.falclparum 
strains resistant to this regimen, the potential emergence of Neisseria men- 
ingitidis resistant to sulfonamides and toxic side effects.   The latter pos- 
sibilities associated with this regimen are bone marrow suppression, gas- 
trointestinal irritability and the Stevens-Johnson syndrome. 

For treatment of hospitalized patients, the combination of quinine and 
tetracycllne is clearly superior, with regard tocost and toxicity, to the 
prolonged administration of quinine with or without pyrimethamine and sulpha 
drugs.   Ov- studies clearly demonstrate that by controlling the initial symp- 
toms with quinine, tetracycllne is highly effective in producing a radical 
cure in acutely ill patients infected with chloroquine resistant falciparum 
malaria.   No toxic side effects have been observed and recent studies have 
shown that the original 13 day course of quinine-tetracycline therapy can 
be reduced to 7 days without compromising the efficacy.   A potential dis- 
advantage of major importance in prospective investigations is the emergence 
of P.falciparum and pathogenic bacteria resistant to tetracycllne. 

SUMMARY:   The historical aspects of chloroquine resistant falciparum 
malaria In Thailand with particular reference to its prevalence, geographic 
distribution and alternative treatments have been reviewed. 

Chloroquine resistant strains of P.falclparum are distributed throughout 
all of Thailand and, in areas of intensive study, the majority of strains are 
resistant to conventional doses of chloroquine. 
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The most promising alternative treatments are a single dose ad- 
ministration of sulphormethoxlne-pyrlmethamlne and a sultlple dose 
administration of quinlne-tetracycline.   The former combination is 
particularly attractive for mass control programs and the latter com- 
bination is suitable for hospitalized subjects with moderate to severe 
degress of illness. 
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23. (U)  To manage,   to integrate,    nd provide quality control for the Drug Research 
Program on Malaria, both in-house and by contract. 

24. (U) To define areas requiring in "estigation,  to develop suitable contract proposals 
to follow progress by correspondence or ilte visits,  to guide direction of  investiga- 
tion,   to provide for exchange of information,  and to continually check findings  for 
verification through Independent agencies  (both in-house and contract).    Two outside 
advisory groups are utilized. 

25. (U)   71 07-72 06 Close supervision,   through guidance and integrated evaluation of 
productivity, was continued for forcy-alne contracts in the areas of chemical synthesis 
drug preparation and data handling and for nineteen biological contracts concerned with 
the preclinical aspects of antimalarial efficacy and drug safety. 

Three new Investigatlonal New Drug (TND) applications and eleven IND supplements were 
submitted and approved, with preclinical work continuing on two IND basic documents an'' 
on six additional drugs of potential usefulness.     Six meetings of advisory groups and 
selected contractors were organized and    conducted  to examine specific facets of anti- 
malarial drug development and utilization.     Expanded metabolism and aafety studies con- 
tinue following feed-back on drugs under active clinical investigation.    For  technical 
reports  see Walter Reed Army Institute of Research Annual Progress Report.   1 Jul   71 - 
30 Jun  72. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malari«; Investigations 

Work Unit 114, Malaria Program Supervision 

Investigators 
Principal: COL Killiam E. Rothe, VC 
Associates: Thomas R. Sweeney, Ph.D.; LTC David E. Davidson, VC: 

Melvin H, Heiffer, Ph.D. 

General 

The malaria program is a modern medicinal chemistry research effort 
designed to develop drugs to treat and/or prevent P. falciparum and 
P. vivax infactions of man. The fields of investigation logically 
Tnclude synthetic organic chemistry, biology and pharmacology. Program 
supervision includes the ability to coordinate ard direct efforts in 
each of these disciplines in a manr.er that produces a constant feedback 
of data from individual investigators and allows necessary program 
redirection. This research management culminates in the synthesis and 
biological evaluation of new antiraalarial drugs for troop issue. The 
objectives are being attained through the combined efforts of a team 
of research managers with the necessary expertise, in-house laboratory 
support, and extramural consultation. 

The Contract Chemical Synthesis Program 

A breakdown of the contract synthesis program for FY-72, exclusive 
of preparations laboratories, is given in Table 1. 

la addition to thj research synthesis contract there have been four 
contracts with preparations laboratories to resynthesize, on a larger 
scale, selected compounds that are needed for large animal testing, 
toxicological studies OP clinical investigations. There has also been 
one contract to synthesize radioactively tagged compounds and one to 
analyze and check purity and identity of compounds and compositions 
to be used in preclinical and clinical studies. 

i 
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TABLE I 

Breakdown of Contract Synthesis, FY-72 

Number of Contracts 

Type of       "   Active in "~ '  Expired ^.        ~    Entering 
Organization FY-72 I7.:7".. FY-73  

Industry 8 ' 7 
University 24 17 
Research House 13 J. 12_ 
TOTAL t5 "0 36 

During FY-72 ther«, was a total of 998 compounds submitted by the 
synthesis contractors, M-16 of which were target compounds. This 
figure, which is considerably lower than that for FY-71, reflects the 
shift in synthetic emphasis from the amino alcohols, where the chemis- 
try had been well worked out, to th« 6- and 8- aminoqulnoline 
prophylactics where the chemistry proved to be Intractable.  It also 
reflects the loss from the program of the most prolific contractor. 
The average cost per target compound as of the end of FY-72, calculated 
from the inception of the program, is about $2,300. The  preparations 
laboratories continued to be quite active..  During th'i  year the number 
of compounds requested from these laboratories was 16, 5, and 1 in 
small, medium and large quantities respectively. Compounds received 
numbered 7, 3, and 3 in these respective quantities. Publications 
and manuscripts generated by the synthesis contractors during the year 
totaled 68. 

A number of miscellaneous areas, e.g., amino acids, peroxides, poly- 
su1fides, oxazollnes, and solublllzlng derivatives, all based upon 
solid leads, continue to be investigated. 

Having reached the optimum development of the phenanthrene- and 
pyrldine- aminoalcohc s, and having selected compounds from these 
classes for clinical studies, synthesis of compounds in these classes, 
as In the qulnolinemethanol class before them, ceased. Three other 
classes of aminoalcohols, less active than the above mentioned, viz., 
the fluorene.-, naphthothlophene- and polymethylene-brldged naphthalene- 
and qulnollne-amlnoalcohols have been abandoned. The naphthalene- 
and anthracene-amlnoalcohols are quite active and it is planned to 
continue investigations in these areas. 
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Potential cnemoprophylactic classes of compounds have continued to 
receive increased attention. The main thrust is in the 6- and 8- 
aminoquinolines and the substituted tetrahydrofurane and related 
compounds. Work on the nephthoquinones and RC-12-related compounds 
have been phased out. The related quinoline quinones are still being 
investigated. 

The third broad area of sythesis has been the antimetabolites, 
which includes the antifols. After the research in the 2,4- dianuno- 
6- arylthioquinazolines culminated in the emergence of compound 
WR-158122, work in this area reverted to probing action along a broad 
front; several of the types of compounds synthesized were, understand- 
ably, derived from the WR-158122 lead. 

The Organic Chemistry Laboratory Synthesis Program 

The in-house synthesis program has concerned two main areas. 
One is a series of substituted, bridged symmetrical triazines. TliQ 
other is the development of methods for the conversion of the eunino 
alcohol type antimalarials to the corresponding thiols, disulfides and 
thiosulfates. The conversion of quinine to the corresponding thiosul- 
fate yielded a compound somewhat more active than quinine in the primary 
mouse screen. 

Acquisition of Compounds 

Slightly over 8800 compounds were acquired from all sources during 
the fiscal year; a little over one half of this number were submitted 
under the no-dollar agreement, and about one quarter were submitted 
as gifts. The remainder were the synthesis compounds, as mentioned 
above, and purchased compounds. 

There was no single large submitter under the agreeaent during 
the year but rather a steady flow of compounds from multiple sources. 
Pen new no-dollar agreements were consumated during the year. The 
rate of acquision of compounds under the agreement appears to be 
roughly proportional to the effort that can be devoted to it; 
negotiations continue to be time consuming and complicated. The canvass 
of recently published compounds continues to be successful considering 
the limited effort that can be devoted to it. 

Patents 

During the firoal year a final draft of a patent application has been 
developed on WR-158122 and a few related compounds and should be 
filed shortly. Allowance of U.S. patent application SN 23,506 on 
process improvement for the synthesis of aryl bromomethyl ketones 
now seems probable. Claims covering applications SN 150,745 and 
SN 150,746 in the carbinolamine area are under active investigation. 
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of the tetrahydrofuran series (WR 179305) were highly active, and are 
undergoing advanced study. In addition, 44 compounds were studied 
for comparative effectiveness by oral, intraperitoneal and subcutaneous 
routes of administration against blood-induced P. berghei in mice. 

2. Compounds which are found activ» in the prophylactic chick and 
mouse tests are evaluated definitively by Dr. Harry Most of New York 
University to distinguish true causal prophylactic activity from 
activity which is merely a reflection of prolonged schizonticial 
action. Causal prophylactic activity is determined by quantitative 
microscopic examination of exoerythrooytic forms in the liver of rats 
infected with P. berghei sporozoite. Eight compounds were studied in 
the past year. 

3. During the reporting period 101 compounds were evaluated by 
Dr. C, C. Smith of the University of Cincinnati for folic acid antag- 
onism in three drug sensitive organisms, Streptococcus faecium, 
Lactobaciblus casei and Pediococcus cerevisiae, which comprise the 
standard antifolic screerT Of those compounds tested, 81 were active 
and 7 inactive. Fifty-two compounds were reversed by addition of fol- 
ate and 8 were indeterminate. Strains of the above test bacteria 
resistant to cycloguanil, pyrimethamine or trimethoprim were tested 
for sensitivity to representative sulfonaraides, sulfones, triazines, 
quinazolines and pteridines and against quinine, chloroguanide, 
quinacrine, WR 30090, WR 33063 and HR 122^55. The sensitive and 
antifolate resistant strains of the above were checked for fermen- 
tation reactions and for purine and thy.i.ine requirements. These 
^ests established that the strains gave typical reactions for their 
species and also that there were no detectable differences in the 
requirements of the parent sensitive and the resistant strains. 
Studies of the effects of antlmalarials on growth and on the compar- 
ative drug reversing ability of folic acid and leucovorin with these 
bacteria have been partially completed  It is hoped that the differ- 
ences observed in the sensitive and resistant strains will provide 
leads to the mechanisms of resistance existing in these  organisms. 

4. Or. Paul Thompson of the University of Georgia evaluated 122 
orally administered experimental antimalarial drugs against drug sensi- 
tive. P. berghei, and against one or more strains resistant to chit 'o- 
quine, chloroguanide, dapsone, or pyrimethamine. In a special mecn- 
anisra study, it was found that the antimalarial activity of WR 30090, 
WR 33063, WR 122455 and WR 142490 was not reversed by t.;e administration 
of PABA. A strain of P. berghei less highly resistant to chloroquine 
than the currently available strain is being developed. 

5. Dr. Wallace Peters of the Liverpool School of Tropical 
Medicine evaluated the antimalarial activity of a series of Quino- 
linemethanols and phenanthrenemethanols against P. berghei. 
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A patent U.S.  3578692, on gem-dlthlol compounds as antimalarials 
was issued during the year.    A decision was made during Fiscal-72 to 
abandon patent coverage for the trifluoromethyl phenanthreneinethanols 
because the heavy workload with limited staff did not allow patent 
application within one year of public disclosure of the series. 

Biology 

All compounds received during this period   were tested for antiraalarial 
activity in mice infected with blood-induced Plasmodium berghei.    In 
addition, selected compounds were screened for causal prophylactic 
activity against sporozoite-induced P. berghei in mice or against 
sporozoite-induced P.  gallinaceum in-chicks.    Compounds found to be 
active in the primary screens were evaluated in secondary test systems 
to characterize their oral efficacy, their activity against drug re- 
sistant strains, their activity against simian malaria, and their 
activity against exoerythrccytic forms. 

Progress 

a. Primary Screens 

1. The basic primary antimalarial screening system is the P. ber- 
ghei-mouse mortality test performed by Dr. Leo Rane of the University 
of Miami. During the past year 14,886 compounds were tested in this 
system, of which 576 were active. The blood-induced P. gallinaceum- 
chick mortality test, also performed in Miami, was discontinued during 
the year in order to devote greater effort to the sporozoite-induced 
system. During 7 months of operation, 1615 compounds were evaluated in 
the chick test, including 90 which were active. 

2. A sporozoite-induced prophylactic chick test utilizing Aedes 
aegypti mosquitoes for the production of P. gallinaceum sporozoites was 
made operational during the year. Prophylactic compounds produce an ex- 
tension in survival time of the chicks when administered on the day of 
sporozolte inoculation. Control chicks die regularly between 5 and 11 
days, with a mean survival time of 8.5 days. This test can be operated 
at a high rate of thruput for a prophylactic test and is expected to 
have a long-term capacity of 25-50 compounds per w^ek. In 8 months of 
operation, 2168 compounds have been tested. 

b. Secondary Tests 

1.    Selected antimalarial agents are tested for prophylactic activ- 
ity in the sporozoite-induced Plasmodium berghei yoeli mouse test. 
During the reporting period, 242 compounds were tested, including at 
least 70 with potential causal prophylactic activity.    An 8-amlnoquino- 
line (WR 106117) with activity superior to prlmaquine, and an analogue 
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WR 112490, a quinoiinemethanol was nearly as active against the 
highly resistant RD strain as against the moderately resistant NS 
strain, or against the sensitive N strain.    In vitro studies 
demonstrated that the clumping of pigment in ?. berghei after exposure 
to chloroquine could be prevented.by inhibition of protein synthesis 
or inhibition of RKA synthesis.    The relationship between the inhibitors 
studied and chloroquine was non-competitive.    Further studies of mech- 
anisms of drug resistance are in progress. 

6. MAJ Dennis 0. Johnsen of the SEATO Laboratory evaluated 18 new 
antimalarial compounds for curative activity against blood-induced 
P_.  cynomolgi infections in Rhesus monkeys.    Further studies are in 
progress. 

7. Aotus monkeys, infected with drug sensitive or resistant 
strains of P. falciparum, were used-routinely in the evaluation of 
candidate antimalarials for schizonticidal activity.    Two new strains 
of P.  falciparum are being adapted to the AotuS host:    Honduras, a 
drug sensitive parasite; and Smith, a multiresistant organism.    Use of 
the Smith strain-which has been fully characterized in man-should 
improve the correction of efficacy data generated in simian and human 
test systems.    The drug response of two trophozoite-induced strains 
of P^.  vivax has been studied in Aotus monkeys.    The Chesson strain 
from New Guinea is sensitive to standard antimalarials.    A Viet Nam 
strain was found to be relatively resistant to both pyrimethamine and 
proguanil.    Little progress has been made with a simian model using 
sporozoits-induced P. vivax.    The major problems encompass low mos- 
quito infectivity, variable prepatent periods and inconsistent relapse 
patterns.    Work continues on a mosquito-vivax-monkey system.    During 
this development phase candidate drugs are being tested for causal 
prophylatic activity in the standard P. cynomolgi/rhesus test of 
Schmidt. 

Pharmacology and Clinical Program 

Claims for Investigational Exemptions for New Drugs were filed for 
WR 4835, WR 142490 and WR 156122.    Supplements to previous claims 
were filed for WR 6798; 122455; 30090; 40070; 81844; 4629/5949; 
33063; 61112; 38839; and 171952.    A document was prepared, but not 
filed for WR 113618 because of unresolved toxicity. 

Summary and Consluslons 

The successful use of human plasmodla-both P. falciparum and £. vlvax- 
In animal systems continues to permit selection and appropriate chemical 
development of new structure leads which do not show cross resistance 
against several human strains of interest.   Many of these candidate 
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antimalarlals are undergoing active clinical and field evaluation. 
The manager-team approach in supervision of the malaria program has 
proved satisfactory, and the program continues in a balanced fashion. 
During the past year, the search for new causal prophylactic agents has 
been intensified. 
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23. (U)    To design and develop In vitro and In vivo test system* for the evaluation 
of chemical compounds as prophylactic and therapeutic agent« against diseases of 
major military significance.    Infections such as malaria, which render troops in- 
effective for extended periods, receive principal emphasis. 

24. (U)    Appropriate in vitro and animal pilot models are designed to meet a specific 
need for testing chemical compouris.    These models ara expanded into operating teat 
Systeme in-house end utilised to provide guidance to contractor« «hen teetlng Is  to be 
done under contract.    When nece««ary) modification« to ex'.sting test «y«t«ma ar« da- 
signed and developed. 

25. (U)    71 07 - 72 06,    In vitro and In vivo studies of the effect« of antlmalarlal 
drug« on tha davelopnen: of dental plaque and on the growth of plaque-producing 
bacteria are continuing.    Nineteen of 62 compound« tested Inhibited the in vitro growth 
of oral organisms, but none of these compounds Inhibited plaque development In vivo 
when adnlnistercd orally each day.    Evaluation of these compounds when Incorporated 
into tha diet of guinea pigs 1« now underway.    Studies aimed at development of a 
P. »a! linaceum - causal prophylactic and radical curative teat in chick embryos are 
continuing. For technical raporta «ao Vklter Rvad Army Institute of Research Annual 
Progress Report, 1 July 71 to 30 July 72. 

8R IUU 
.1498 

-"—•'•——' 
rww* 

mm n 



Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malaria Investlgstlons 

Work Unit 122 Test Systems Design and Development 

Investigators: 
Principal:  LTC David E. Davidson, Jr. 
Associates: LTC Kenneth E. Klnnanon 

1LT Rolla R. Rich 
1LT Janes H. Smith 

Description 

These Investigations are designed to develop and Improve biological 
test systems for the evaluation of antimalarlal drugs both ln-house 
and under contract. 

Progress 

1. A test system Is being developed to screen candidate antimalarlal 
drugs for activity against exoerythrocytic stages of Plasmodlum 
galllnaceum utilizing embryonated chicken egg? as the vertebrate host. 
While embryos can be successfully infected by placing tissues Infected 
with exoerythrocytic forms onto the chorloallantolc membrane, the 
methods tried to date have failed to produce sufficiently consistent 
Infections to make drug testing feasible.    Two methods have been used 
with limited success,  (1) placement of infected tissue slices onto the 
chorloallantolc membrane,  (2) placement of a honoganate of infected 
tissue onto the chorloallantolc membrane.    Further refinement of the 
techniques of inoculation are clearly needed.    Twenty experimental 
antimalarlal drugs have been evaluated for toxidty to chick embryos 
in the expectation of eventual antimalarlal studies. 

2, Periodontal disease may be caused by bacteria which are cowmen in 
the oral cavity of both humans and hamsters.    Periodontal disease, 
characterized by accumulations of plaque on the gingiva of the molar 
teeth, may be induced experimentally in hamsters by feeding « high 
carbohydrate,  low fat, non-abrasive diet and by inoculating plaque 
material from infected donors.    This experimental system is being 
utilized to evaluate antimalarlal drugs for possible activity in pre- 
venting or eliminating periodontal disease.    Test drugs are first 
screened for antibacterial activity in vitro using drug saturated paper 
disco on nutrient agar inoculated with plaque cultures.   Many of the 
antimalarlal drugs ar« active in vitro and several have been selected 
for in vivo test in the hamster system.    These compounds have been eval- 
uated for their ability to prevent the development of plaque, and a few 
for their ability to eliminate plaque in hamsters with established 
disease. 

I 
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Test drugs are dissolved or suspended In a suitable vehicle and de- 
livered Into the oral cavity once dally by pipette or syringe at a 
dose of 25 mg/day per hamster. The following compounds, «11 of which 
have antibacterial activity In the in  vitro assay, have been evaluated 
In vivo: 

WR 1544 Chloroqulne 
WR 2977 Amodlaquine 
WR 2978 Pyrimethamlne 
WR 3091 Proguanll 
WR 4629 Sulfalene 
WR 4835 Amopyroqulne 
WR 6020 Isopentaqulne 
WR 6798 Dlformyl Oapsone 

Using these methods, no effect on the development of perlodontal 
disease In vivo was observed. Further studies. In which the drugs 
are Incorporated In the diet, are In progrei:i. 

; 
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23. (U) Development of methods for the control of mosquito vectosra of malaria which 
will have minimal Impact upon the environment.    Various mosquito »athoge«"i will be 
studied to determine those types which can be utilized In a blcloglcal or Integrated 
vector control program, which could decrease the  incidence of mai.iria in OCONUS 
military personnel. 
24. (U) Establishment of Isboiratory colonies of anophellnes from areas of strategic 
Importance.    Evaluation of rearing procedures through alterctlon of environmental 
factors.    Study of mosquito pathogens or mosquito 'jehavlor, especially a* related to 
disease transmission. 

25. (U)  71 07 - 72 06,    Infection of Anopheles stephcnsl mosquitoes with a mlcro- 
sporldan parasite, Nosena algerae, reduce«? their susceptibility to Infection with the 
simian malaria parasite, Flasmodlum cynomcfgi, as measured by malarial oocyst counts 
6 days after an Infective feed.    Mortality from nosematosls was so great that 90 - 95 
per cent of the exposed mosquitoes -tied before sporozolte levels could be assessed on 
day 1A.    It Is concluded that the low Incidence of Nosema In field populations of 
adult anophellnes is related to the virulence of this pathogen.    Additional studies 
will be made with Nosema and other anophellne species to determine whether virulence 
of  the parasite is similar among all species of the genus Anopheles.    For technical 
reports see Walter Reed Army Institute of Research Annual Progress Report,  1 Jul 71 - 
30 Jun 72. 
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Project 3A663713D82? MALARIA PROPHYLAXIS 

Task 00 -Malaria Investigations 

Work Unit 123 Biological studies on anophellne vectors of malaria 

Investigators. 
Principal: Ronald A, Ward, Ph.D. 
Associate: LTC Bruce F. Eldridge, MSC; MAJ Bernard A. Schiefer, MSC; 

SSG William D. Tracy; SPA Paul F. beeman; SP4 Jackie Williams; 
I.eroy H. Bell, B.S.; David E. Hayes; Talmadge J. Neal, B.S.; 
Kenneth Savage, M.S.* 

Description 

Biological studies of anophellne mosquitoes are performed, using 
material maintained in the insectary at this Institute. Studies include 
evaluation of rearing techniques and their effect on the research results, 
development of rearing techniques, the effects of biological agents on 
anophellne mosquitoes and studies on anophellne behavior. 

Progress 

In the course of rearing anophellne mosquitoes for malaria trans- 
missloc experiments It has been observed that the presence of mlcro- 
sporldan parasites can either decimate laboratory colonies to such an 
extent that transmission studies cannot be conducted or if the mosquitoes 
survive, the results of malaria transmission experiments are extremely 
variable, frequently with marked decreases in oocyst and sporozolte 
counts. 

These studies started when it was observed that the WRAIR Anopheles 
stephensi colonies exhibited excessive larval and adult mortality during 
July 1968. The cause of the mortality was not known until dissection 
of adult mosquitoes infected with the simian malarial parasite, Plamnodlum 
cynomolgl, revealed the presence of numerous spore-like structures In 
the fat body surrounding the midgut. They were tentatively Identified 
as Nosema and further study by E.I. Hasard confirmed the diagnosis 
(Hazard, 1970). Records of the infection were kept and following 
elimination of the pathogen from the Insectary, collaborative experi- 
ments were conducted with the U.S. Department of Agriculture Insects 
Affecting Man and Animals Laboratory, Gainesville, Florida. Their 
purpose was to determine whether a concurrent malaria and mlcrogporldan 
Infection in an anophellne vector could reduce the vector potential of 
an anophellne species or even prevent the species from transmitting 
malaria to a rhesus monkey. This information would be of value in 
designing strategies for the control of vector species with this pathogen. 

* Insects Affecting Man and Animals Laboratory, U.S. Dept. of Agriculture, 
Gainesville, Florida* 
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In the first aeries of experiments, Noiena spore suspensions were 
prepared In Gainesville and first stage Anopheles stephensl larvae were 
Infected with the spores at WRAIR,    Between April and July 1971 300 late 
lst-stage and early 2nd-stage larvae were placed In pans containing a 
Nosema spore concentration of 5.6 X 10* spores/ml solution.    They re- 
mained In these pans until pupation occurred.    From August onward, 300 
lst-stage larvae were exposed to spore concentrations (2.4 X 10^ spores/ml 
solution)  In small beakers for 5-21 hours and then transferred to larval 
rearing pans.    Control pans of A. ste^hensl larvae were veared at similar 
densities adjacent to groups of treated larvae. 

The results of dissections made 8 days after feeding on P. cynomolgl- 
infected rhesus monkeys Indicated that thete was a reduction in mean 
malarial oocyst counts in the majority of feedings from WOsema-infacted 
pans    (Table 1).    8/11 or 72.7Z of the mean oocyst counts from female 
A. stephenai reared in infected larval pans were lower than the counts 
from unlnfected controls.    A similar comparison of mean oocyst counts 
between both groups showed a count of 43.49+3.56 oocysts from Nosema- 
Infected pans while the controls averaged 56.60+3.59 oocysts.    The 
anophellnes from infected larval pans had a reduction in oocyst count of 
approximately 25Z when compared to untreated controls.    This difference 
was significant  (t " 2.59, p ■ 0.05).    During the 8 day post-emergence 
period, mortality in the controls ranged between 10 - 20% while that In 
the Nosema-Infected cages varied from 25 - 75Z. 

Salivary gland dissections were made 6 days later from Nosema- 
treated cages which contained at least 6 live anophellnes.   There was a 
marked reduction in the incidence of Kosema in cages from the treated 
pans in the Intervening period (Table 2).    Four cages which Initially 
had a Nosema Incidence between 8 - 75Z were negative for the parasite on 
the later date.    Similarly, the other cages showed a marked reduction in 
parasite incidence.    The sporozolte levels in the surviving anophellnes 
from treated pans did not differ significantly from those observed In 
control groups.    Among the cages which contained mosquitoes for dissec- 
tion on the 14th day after the infective feed, mortality in tha controls 
averaged 50Z while that in treated A. Stephens! ranged between 90 and 
95Z. 

An attempt was made to determine whether a correlation existed be- 
tween the level of Nosema Infection in individual mosquitoes and the 
malarial oocyst count of that female.    No significant differences were 
found between A. Stephens! females which had Notama infections scored 
as moderate (1+) as compared with those scored as very heavy (3+). 

The above studies Indicated that the concurrent infection of female 
Anopheles ataph*ttsl mosquitoes with a mlcrosporidan parasite, Nosema 
algarae Vavra and Undeen, produced a reduction in the uaan number of 
oocysts of the simian malarial oarasite, Plaiitodium fcyaoaölgi. which de- 
veloped on the mosquito midgüt.   Although the reduction was statistical- 
ly significant no appreciable difference was observed In the salivary 
gland infection rate 6 days later.    This was undoubtedly related to the 
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differential mortality of Nosema-Infected females, the majority of which 
had died by day 14, 

These observations closely paralJid those of Hull' (1971) who inves- 
tigated the concurrent effect of N6i<m« alaerae in A. Sitt>hansl infected 
with the rodent malarial parasite, P. barghai (Nigerian strain, N-67). 
He noticed a reduction in oocyst count on Hosema-lnfect midguts and in 
addition a reduction in sporozoite counts.    Titration of sporozoltes 
from Nosema-infected mosquitoes in mice showed a significant decrease of 
infectivity of sporozoltes as compared to uninfacted controls. 

Fox and Weiser (1959) pointed out that there is no evidence that 
Nosema is physiologically antagonistic to Plasmorfium, or that the former 
attacks the Ifcter.    In heavily Infected mosquitoes, the mldgut wall 
was so disintegrated that suitable sites were not available for 
P.  falciparum oocyst development.    These general observations are valid 
for the dual Wosema-P. cynomolgl Infections in Anopheles Stephens!.    The 
only exception    is that A. stephensl females with extremely heavy Nosema- 
Infectlons which reached the point of mldgut disintegration, did not 
survive sufficiently long to permit mldgut oocyst counts on day 6. 

There are few records of microsporldan parasites from wild-caught 
anophelines.    During the period June 1955 through April 1956 R.M. Fox 
dissected more than 7,000 Anopheles gamblae in Liberia yet only en- 
countered a few mosquitoes with microsporldan infections (Fox and Weiser, 
1959).    This may indlc »te that natural infections of Nosema exist at 
very low frequencies or that adult mortality is fairly high when this 
parasite is present in a population.    In view of laboratory experiments 
with the pathogen, the latter interpretation is probably the more valid. 

Conclusions and Recommendations 

1. Infection of Anopheles stephensl mosquitoes with a microsporldan 
parasite,    Kosema algerae. reduced their susceptibility to infection with 
the simian malaria parasite, Plssmodlun cynomolgl, as measured by 
malarial oocyst counts 6 days after an infective feed.   Mortality from 
nosematosls was so great that 90-95% of the exposed mosquitoes died 
befoie sporozoite levels could be assessed (day 14).    It is concluded 
that the low Incidence of Nosema in adult anopheline populations in the 
field is related to the virulence of this pathogen. 

2. Larval populations of ancpheline mosquitoes should be surveyed 
In the field to determine the relative incidence of microsporldan para- 
sites end their role in blotic control of vector populations.    Additional 
laboratory studies should be made with Nesema and other anopheline 
species to determine whether virulence of the parasite is similar among 
all species of the genus Anopheles. 
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TABLE .1 

Effect of Nosema Infection of Anopheles Btephenal (India t-train) on aus- 
ceptlblllty to Plasmodlum cynamcixgi bastlanellll oocyst. development 

Percent 
Dati ■ Rhesus mosquitoes 

number with Nosema 

1A Apr H-776 50.0* 

U Apr H-776 92.3* 

6 May H-711 83.3 

12 Oct K-822 50.0 

13 Or.t K-822 25.0 

13 Oct K-821 75.0* 

13 Oct K-821 58.3* 

18 Oct K-822 8.3 

21 Oct K-821 S3.3* 

21 Oct K-821 '5.5* 

22 Oct K-821 50.0 

Oocysts: Nosema   Oocysts: Control 

No. Mean + SE     No. Mean + SE 

30 16.7+3.1 

13 11.6+4.7 

12 215.3+42.2 

10 0.9+0.6 

12 39.3+8.9 

12 178.4+31.3 

12 352.8+49.2 

12 57.8+10.9 

12 48.0+7.a 

11 33.6+9.1 

12 21.1+2.5 

25 23.8+2.9 

25 25.4+2.5 

12 103.8+37.2 

6 1.3+1.2 

12 87.7+18.6 

12 411.6+30.6 

10 384.1+48.3 

12 46.7^17.5 

12 60.6+9.9 

10 61.1+26.3 

12 18.3+3.6 

* Mosquit'. cages derived from different larval rearing trays. 
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TABLE 2 

Effect of Nosema Infection of Anopheles stephensl on Pläsmodlum cynomolgl 
bastlanellll sporozolte dfevelopment 

Date Rhesus 
number 

Percent mosquitoes 
with Nosema 

Day 8 Day 1A 

Sporozoite level 

Nosema Control 
group 

2.3 3.1 

2.6 3.0 

1.2 3.0 

0 0.7 

O.A - 

3.5 3.7 

3.0 _ 

13 Oct K-821 75.0 

13 Oct K-821 58.3 

13 Oct K-822 21.1 

14 Oct K-821 8.3 

14 Oct K-822 16.7 

22 Oct K-821 50.0 

22 Oct K-821 58.3 

0 

12.5 

0 

0 

0 

16.7 

33.3 

Mean of 6 dissected pairs of salivary glands; 1.00 -<100 sporozoites, 
2.00 - 100 - 1,000, etc. 

'"Mosquito cages derived from different larval rearing trays. 
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toea at intervale th•r •fter to detenda level ... proar•• of 1Dfectiou. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malaria Inveati &tiona 

Work Unit 12 Bioloaical studies of mosquito malaria infection and 
transmission 

Investigaton 
Principal: Ronald A. Ward, Ph.D. 
Associate: LTC Bruce F. Eldridge, MSC; CPT J. Scott Atlder son, VC* 

SP4 Paul F. Beema ; eroy H. Bell, B.S.; David E. Hayes 

Deacript4,!m 

Studies are conducted on the infectivity of human and simian malar
ial parasites to v' cioua mosquito vectors of malaria. Special mphasis 
ia placed on the rol of genetic and environmental factors in mosquito 
susceptibility. Mosquito transmission of falcipa~ and vivax malaria 
ia atte.pted. The results of these studies are applied to the develop
ment of test syste for the evaluation of antimalarial drugs. 

Proareaa 

1. Plasmodium falciparua in Aotua t rivir aat s a~d mosquito 
infectivity of a ... tocytea 

tnce G 1 and Meap 1er (1967) reported that t he niaht mon ey 
Aotu» triviraatua, was susc ptible to Plaa.odiua faleiparua from man, 
nu.eroua workers have infecttd this boat by aerial paaaaae of parasites. 
Attnapts to establish tha aporoaonous cycle of faleiparua malaria in 
this hoa.t ba e b n laraely uuaucc af 1. Collin• a d C taco• (1968 
recorded th 1 r ction of AD~h .. freeborn mosquitoes from ~ with 
the Malayan IV strai of !.• eleipar• and subsequent crannieaion to 
h volunteers by mosquito bitea. Jeffery (1969) relates that a 
Cambodian strain of !~ falciparua produced rare infectiou · in !· balaba
cenaia and A. freebortti. 'lhe Ch le aroup waa unable to effect nltey 
to .auk y trauaiaaion by sporozoite puaaae (SocJaan at al. 1969). 
Baerg and Youna (1969) were unable to infect ophelea albimanua in 46 
feedina tr ala on PanaMnian Aotu. infected with Malayan Caap and Uaanda 
Palo Alto falt!iparum Mlarial. ward and hit colleaauea at WIAIR ere 
unable to infect Apoa~aetee •r••et and A. balabacenata with the Camp/W 
strain of falcip.ar• malaria icJc.an, 191'9). · · · · 

A ca.pariaon of the ata&la successful axpart .. at of Coatacoa and 
Collins (1968) with those of other vorltera revealed that the former 

roup of workers used a paraai 'e atrain in the first ~~onltey puaai 
froa .. n While other i~v .. tiaatora used parasites in Sth or hiaher paa
saae levels fro. cht.panaeea or ntaht .aateye (Ward, 1969). At that 
ti .. Ward atreased that it wu too early to ascertain whether .... tocyte 
infectivity ia a characteristic of certain paruita atraina in Aotus or 

137 ~ 

) 



an easily lost attribute following several blood transfers in heterologous 
host systema, 

The present seriea of experiments were designed to teat the hypoth
esis that there would be a stronger probability of establishing mosquito 
infections of falciparum malar_a from Aotua with parasite isolates which 
had a recent history of mosquito transmission amana human volunteers 
rather than with falciparum strains which had an extensive history of 
consecutive blood paaaaae in subhuman primates. If this hypothesis were 
shown to be valid. then subsequent studies would be designed to study 
the pattern of aoaquito infect vity, determine maximal gametocyte levels 
for donor 110nlteys and develop proceduret. for enhancing gametocyte 
production. 

D.F. Clyde and V.C. McCarthy, Unive aity of Maryland School of 
Medicine, Balti.are, provided f eah isolates of Pleamodium falciparum 
infected blood of the Vietnaa (Brat.), Philippines (Per.) and Vietnam 
(Smith) strains froa aale volunteers, inmates of the Maryland House of 
Correction, Jeasup. On da a when the appropriate paraaiteaia evels 
were observed, 10 cc. of heparinized blood was collected under sterile 
precaution• and carried on wet ice to WBAIR for inoculation into Aotua. 
In aoat instances, leas than 2 hours lapsed between7the transfer of in
fected blood from man to monkey. Usually, 4-9 X 10 parasites were 
inoculated intraperitoneally into aplenectoaized .ankeya. For transfer 
between monkeys to maintain th parasite atratn or provide d~ora for 8 mosquito infect ivity s t udies, the inoculum contained 2.4 X 10 - 8.3 X 10 
para•itea. 

Is lata of the Viatnaa (Brat.) and Philippines (Per.) faleiparum 
strains were inoculated into aplenectoaized Aotua .onkeya. Both these 
iaolatea vera froa sporozoite-induced infection• from volunteer• at the 
Maryland House of Correction. 

The detaila of the 4 blood tranafera of the Brat. strain are aum
u rited in Table 1. This strain appeared to be extr~•ly virulent from 
the first p~aaae level; 4/6 Aotua exposed developed pareaiteaia in 
excess of 10 pareaitea/•3 ad died of ularial infections. The aaeto
cytea appeared relatively t.aature durina the first 2 peasaae levels and 
diaaection of 22 lots of aoequito poole uf Anopheles etephenei and 
!• guadriaaculatue diacloeed no oocyst developaent. 

Moa.lteya of peaaaae l11Vela 3 and 4 wre atven nall doeaa of an 
i-.moauppresaant · drua~ Iaaran, on the 888\IIIPtion that such treatMnt 
lligbt prolona a-toc:yte survival until a dear•• of Mture was achieved 
that would be suitable to iafect aaophelinea. S.all doe .. were adr~nis
tered 1 day prior to infection and 1-3 daye subsequent to infection. 
It vas observed that Aotua G-984, vbich received th above treataeut, 
infected aull n.:bera of A!Ophde• •t!fheliai 12-16 days after the first 
appearance of aa-tocytee. The lut 2 AOtua, G-992 and 228 died before 
110aquito feed• could be achieved. 
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The behavior of  the first  3 passages  of  the Philippine,   (Per.) 
strain are reviewed  in Table 2.    Three Aotus,   2 of which were  splenecto- 
mized were inoculated with infected human blood,     Although all monkeys 
became  Infected,   the non-splenectomized G-967 only exhibited a tiansitory 
parasltemia  for a  single day.    This strain was not as virulent as  the 
Brai.   strain and peak parasltemiaa   (6.7-7.5 X 10    parasitesArair)only 
attained a  level half  that of  the former  strain.     Although most  gametocytes 
were Immature during the first passage level,  1/32 pools fed contained 
Infected anophelines.    Aotus,  H-233,   infected with  3rd passage parasites 
was  treated with  Imuran to determine whether  the observation with  the 
Brai.   strain could ba repeated.    Mosquito  infections were  found on 3/9 
days  that Anopheles  Stephens! cages were applied  to Aotus H-23''.     Tht 
first mosquito  Infection occurred on day  31 of  the  infection or  17 dayi 
after gametocytes  first appeared  In the peripheral circulation. 

Studies on the Brai.  and Per.   isolates  indicated that  treatment of 
monkeys with an immunosuppressant rendered  them more suitable as gameto- 
cyte carriers.    One alternate possibility would be that as a parasite 
strain became better adapted tc a host following consecutive transfer, 
gametocytes would persist for a longer period of time, and thus attain 
sufficient maturity to be infectable to mosquitoes.    Another possibility 
might be that Inherent differences in Aotus monkeys, such as prior 
malarial exposure or length of time In a laboratory colony might alter 
the course of a subsequent malarial infection and the resultant production 
of gametocytes. 

In order  to support studies on the chemotherapy of malaria,   three 
isolates of the Vietnam (Smith) strain were obtained from the University 
of Maryland School of Medicine between December 1970 and April 1971. 
The Smith strain, which was Isolated at the end of 1968 from a patient 
who acquired the infection near the Cambodian border, was of special 
interest due to the resistance to chloroqulne, pyrimethamlne and 
chlorguanlde  (Clyde et al,  1971).    Successful adaptation of this strain 
to Aotus would provide material for antlmalarlal drug evaluation that 
could be compared with studies in human volunteers. 

The first 2 Inoculations of Smith strain falclparum Isolates did 
not establish patent parasltentias.    On the 3rd attempt, 1 of the 2 Aotus 
(546) became patent on day 12.    Since then,  9 blood transfers of the 
isolate have been made in splenectomlzed Aotus monkeys as indicated in 
Table 3.    After the Ist passage, all animals developed patent infections. 
7/12 Aotus were treated with the Immunosuppressant,  Imuran, for varying 
periods of time  (10-40 days)  at a dose of 5 mg/kg dally.    Unlike the 
previously described experiment with the Per. strain, this treatment did 
not significantly change the course of parasltemia nor affect gametocyte 
development and maturation.    Maximal levels of parasltemia in the Smith 
strain were similar to the Per. strain and only half those observed In 
the Brai.  strain. 

Two general patterns of parasltemia were observed in the Smith 
strain.    The first was exemplified by Aotus 387  (Figure 1).    This animal 
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attained a peak parasltenla of 200,000 p»rasltes/mm  ,   then graöuaxly 
decreased to extremely Jew levels over the next 3 weeks.    The Immature 
gametocytes  (stages I - TV) gradually increased and remained at levels 
between 1,000 - lU,C00/nan    : „r a month.    Mature gametocytes (stage V) 
were visible for a similar period.    Aotus 976 was typical of the 2nd 

pattern In.which the parasltenla attained an extremely high peak, over 
350,000/imD    (Figure ?).    Abundant Immature gametocytes were present but 
mature gametocytes only appeared In low numbers prior to the death of 
the monkey from the malarial Infection.    This second pattern occurred 
with greater frequency at higher passage leveln. 

Gametocyte development was examined In detail In the studies of 
the Smith strain to determine 'jhether thcte ware any relationships be- 
tween gametocyte production, maturation of gametocytes and levels of 
mosquito susceptibility to Infection.    In this study,  gametocytes were 
examined daily on thr'i film amears prepared at 0730 hrs.    The gametocytes 
w<»re classified  into stages of development as outlined by Field and 
Shute  (1956)  and emended by Hawking et al.   (1971).    Five developmental 
stages were recognized,  i.e. 

I      Rounded forms,  do not fill erythrocyte. 

II      Irregular shape  (sometimes triangular),  slightly elongated. 

Ill      Elongated, pointed or slightly rounded ends;  erythrocyte 
slightly distorted. 

IV      Elongated, rounded ends, erythrocyte very distorted. 

V      Mature.,  sausage-shaped,  rounded ends. 

Unlike human falclparum infections, al]  developmental stages of 
the gametocyte of this species occur in the peripheral circulation of 
Aotus.    Gametocytes appeared as early as the first day of a patent in- 
fection or as late as 13 days after thfc first appearance of ring-stage 
trophozoites.     75Z of the animals had circulating gametocytes within 
the first 5 days of a patent infection.    The geneial pattern of gameto- 
cyte development is summarized in Figures 3 and 4 which show this 
pattern In respect to time and level of mosquito Infection in Aotus 388, 
922 and 971.    An analysis of these distributions and those observed In 
other Aotus listed in Table 3 shows that the very immature stages 
(I and II) peak earlier than stages III-V and disappear from circulation 
sooner.    Sometimes stages III and IV reach peak numbers the same day as 
in Aotus 922 while in other animals the peak frequencies were separated 
by 2-4 days  (Aotus 388 and 971). 

The ability of gametocytes to Infect anophellne mosquitoes was 
related both to the stage of the gametocyte,  Its maturity and frequency. 
Mosquito infections occurred 1-13 days after mature gametocytes first 
were detected.    Peak mosquito infections appeared 3-9 days later.    With 
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the exception of Aotus  593,  all peak oocyst counts  in anophelines 
occurred In feeds made 27-31 days after the animal was  Infected.     In 
most  Instances,  mosquitoes  could be  infected dally for a  13-23 day 
period after  the  first day gametocytes were infective in a monkey. 

On several occasions,   2 or 3 species of Anopheles wer» simultane- 
ously fed on the same monkey to compare the relative susceptibility of 
different species  to infection.    Anopheles stephensi and A. balabacensis 
showed similar levels of  infection while A.  quadrimaculatus was refrac- 
tory to infection   (Table  4). 

Four attempts were made to transmit P.  falclparum back to splenec- 
tomized monkeys  through  the bites of Aotus-infecf^d mosquitoes or the 
inoculation of  Infected salivary glands.     Each Aotus received a sub- 
cutaneous or  Intravenous  inoculation of  20 heavily  infected salivary 
glands or a feed of 50-200 Infected anophelines.    The first 2 experiments 
were conducted with anophelines infected with  the Per.   strain while the 
latter trials were conducted with the Smith strain.    During a 50 day 
period,  the Aotus were examined twice weekly to detect patent Infection. 
In addition,  a splenectomlzed chimpanzee,   578,   served as  a control to 
verify the  infectlvity of  sporozoites of  the Per.   falclparum strain in 
the 2nd experiment.     None of the exposed Aotus  developed  a patent infec- 
tion.    However,   chimpanzee  578 became positive  13 days after exposure 
to Infected Anopheles stephensi and attained t  peak parasitemia of 
320,OOO/ramJ on day  21.     Immature falclparum gametocytes were observed  2 
days  later,   thus  confirming  the identity of  the  transmission. 

The facility with which splenectomlzed Aotus monkeys  can be in- 
fected with Asian and African isolates of  falclparum malaria presents a 
contrast to the Inability of this host to sustain high level infections 
with New World  isolates of  this parasite.     The ready adaption of 3 new 
Asian isolates to Aotus affirms this premise.    A possible explanation 
may be that  an insufficient number of isolates  from different geographical 
areas  in the Nev; World have been Inoculated Into Aotus.     Young  (1970) 
states that In the many attempts to establish P^.   falclparum of 
Panamanian origin in the local Aotus. none have become well established. 
The McClendon strain  (isolated from a South Carolina patient in 1940) 
was not able  to  infect Aotus   (Jeffery,  1969).     However,   the Genf 
America Malaria Research Station (1970) reported  Infection of A^cus 
with falclparum strains from Honduras and El Salvador.    These are ap- 
parently the only geographical areas from which falclparum isolates 
have been collected for Inoculation into Aotus. 

An alternate hypothesis  is that falclparum malaria stidins  from 
the Western Hemisphere differ at an antigenic or enzymatic level from 
Old World parasite  strains.     The 400 or so years which have lapsed 
since the probable  introduction of  falclparum strains  from Africa via 
the Spaniards and  their slavas (Bruce-Chwatt,  1965);  the geographic 
isolations of clones of malarial parasites in a new environment and the 
selection within a new set of anophellne vector  species are all very 
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favorable attributes for rap~d selection. Hence it would not be un
expected to find such a difference in susceptibility of Aotus to these 
isolates. 

At the Teheran International Congresses on 7ropical Medicine and 
Mal1ria the question of gametocyte infectivity was raised (Ward, 1969). 
Two lternate hypotheses were proposed. The first was that gametocyte 
infectivity to anopheline& is a characteristic ()f certain parasite 
s trains of P. falciparum in Aotus d could probably be observed more 
often if different parasite isolates were studied. A 2nd hypothesis was 
that gametocyte infectivity was an easily lost attribute following 
several consecuti ve blood transfers in heterol ogous host systems. 

The recorded observations on 2 Vietnam isolates (Brai. and Smith) 
and 1 from the Pbili~pines (Per.) indica ee the gametocyte& of n 
Oriental r_gion falciparu strain can probably produce infective gameto
cyte& in Aotus during the early passa,e history from man. In the above 
strains it occurred during the first 3 passage levels. The point of 
loss of gametocyte infectivity is substantiated by the history of the 
Smith strain (Table IV). In the latter passages, as more virulent 
clones of the parasite were selected, insufficient time was usually 
available for full maturation of gametocyte& to stage V levels. ~on
sequently, parasitemia at·ai~ed such high levels (over 200,000/mm) 
that the Aotus died of ac:ut ' .,larial infection before mosquito exposure 
could be effected. With fur\:her blood passage, the Smith strain may 
lose the a ility to develop even early stage gametocyte& as has oecurred 
in certain isolates of the Malayan Camp Strain. 

The application of the stabilate principle as propo ed by Cunningham 
and Lumsden (1965) to the low temperature preservation oi malarial para
site isolates at passage levels which favor the production of moderate 
parasitemia& at a non-lethal level and mat r ation of infec~ive gameto
cyte& should prevent the above cited proble e. It is quite obvious that 
a stabilate oi Sth passage Smith mater al will differ from material 
pr eserved at the 11th pa sage. 

Immunosuppressant drugs were shown to exert an influence on sameto
cyte infecti vity in the expert ent with the Per. strain when parasite 
dosa:e and other fac ora were well controlled. In routine passages, 
such an effect wa difficult to detect due to possible interaction be
tween level of passage and drug dosage. As an example, Aotus 971 (Smith 
atraib) exhibit the best g~~etocyte donor pattern observed to date 
despite the lack of Imuran t~eatment. 

The pattern of mature gametocyte production in Aosua as related 
to mosquito infectivity showed a close parallel to the situation in 
non-imm e humans. Pampaua (1963) poiDta out that during the primary 
att ck, ametocytes do not appear before tha 7th day of the parasitemia, 
and sually only are visible lQ-12 days after the asexual parasites 

ecome patent. Similarly. falciparum aametocytea £re not infective to 
mosquitoes until 2 days after they are observed in the peripheral 
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circulation of man  (Jeffery and Eyles,  1955).    Gametocytes remain in- 
fective for a period of several weeks in man,    Boyd   (19A9)  discusses a 
patient who produced  infectious gametocytes 4 days  after  the first 
appearance of  this stage,  and served as an infectious donor to anopheiines 
for a 19 day period.     He points out that mcsquitoes were only infected 
when gametocyte levels were between AO-AOO/mn ,     Ihese observations 
closely parallel our  results  in Aotua.    In ehe Smith strain, where gameto- 
cyte maturity was assayed daily,  the first mosquito  infections occurred 
at an average of  12.6 days after the infection became patent  (range - 7-21 
days).    The duration of mosquito inf ectlvlty averaged 19 days  (range ■ 
13-23 days).    Similar mature gametocyte levels are observed in Aotus. 

The failure of Philippines   (Per.) and Vietnam   (Smith)  strains to 
undergo sporogonous development in Anopheles quadrimaculatus parallels 
the experience of Clyde, et al.   (1971)!    As A.  quadrimaculatus is a 
Korth Amt-rican vector,  and A.  Stephens! and A. balabäcensia Asian vec- 
tors,  this is not unexpected.    This observation has been noted numerous 
times during the study of falclparum malaria from different geographic areas 
and has epldemlcloglcal significance. 

The fact that Contacos and Collins  (1968) and ourselves were able 
to cyclically transmit  falclparum infectious from Aotus to humans and a 
chimpanzee respectively indicate that the sporogonous cycle of the 
parasite is compatible with that in anopheiines Infected on man.    Since 
Sodemtn, et al.   (1969)  have observed partial development of  the exoerythro- 
cytlc uchizont of JP.   falclparum In Aotus it is predicted that complete 
development of this parasite in the hepatic tissues will be demonstrated 
within the very near  future. 

2.    Attempted immunization of rhesus monkeys against cynomolgi 
malaria with Irradiated sporozoites 

Irradiation of erythrccytic stages of human malarial parasites 
with gamma irradiation have produced avirulent strains that maintain 
their imn-unogenic properties.    Protection against erythrocytlc parasite 
challenge following various Immunization schedules has been demonstrated 
against Plasmodium falclparum In Aotus trivirgatus.     (Sadun et al.  1969). 
Sporozoite challenge has not been achieved with the Aotus - falclparum 
oialaria cystem due to an Inability of the Aotus liver to sustain com- 
plete development of  tne exoerythrocytic schlzont of P.  falclparum 
(Sodeman et al.  1969). 

The successful immunization of rodents by Irradiated JP. berghei 
sporozoites against experimentally Induced sporozoite infection poses 
the question as to whether or not comparable results may be observed 
with primates and their malarial parasites.    At the present time,  the 
.P.  cynomolgi - rhesus - anophellne model Is the one most comparable to 
a human infection.    The relatively large size of  the host,  its predicable. 

This preliminary experiment was designed to determine whether or 
not immunization of rhesus monkeys by irradiated £.  cynomoljl sporozoites 
would protect monkeys  from sporozoite induced challenge. 
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Macaca mulatta monkeys weighing 2,3 - 2.B kg were used.    The xsolate 
of Zi cynomo'.gl bastlanellll was received from P,G.  Contacoe In 1968 and 
has been maintained by mosquito  transmission since  that tine.    Anopheles 
stephensl  (India strain)  was utilized as the vector. 

Fourteen days after an Infective blood meal, mosquitoes with heavy 
salivary gland infections  (mean level of Infection "3 + 0» 10    - lO4 

aporozoltes) were irradiated at a dosage of 10 kilorads In a "Gamnaccll 
220" cobalt irradiation  source which produced essentially pure gamma 
radiation.    The mosquitoes were exposed to the source  in pint-sized 
cardboard containers covered with nylon «esh at a dese rate of approxi- 
mately 8,700 rads per minute.    As a control, mi'saultoes of the same age 
which had received a non-infective blood meal were exposed  to a similar 
radiation schedule. 

To circumvent any  possible  l!Bmunog<inlc effect of mosquito body 
tissues or salivary gland cells, aporozoltes were transferred to monkeys 
directly by mosquito bite rather than by dissection and trlturation of 
Infected salivary glands.    Three monkeys (LO-46, LO-47 and L0-A89) 
received irradiated sporozoites and two (L0-88 and LO-89} were bitten 
by non-infected mosquitoes.    One hour after exposure  the Irradiated 
mosquitoes and their controls were allowed to feed upon the respective 
monkeys on days 0,  14 and A2 of the experiment.    25-30 A.  sfephensi 
were permitted to feed to repletion on each animal on a given date.    If 
au insufficient number fed, additional mosquitoes were added Co the 
feeding cages.    On day 56, all monkeys were challenged with the bite of 
'.5-20 infected anophellnes.    Blood films were examined from all animals 
biweekly from the commencement of the experiment until day 60; after which 
blood smears were made dally.    At selected intervals,  when gametocytemia 
was evident, cages Of Anopheles stephensl were fed on the monkeys to 
evaluate garaetocyte Infectlvity. 

The results of the  experiment are summarized in Table 5 and Figures 
5 and 6.    Prepatent periods were similar in both groups of rhesus 
monkeys.    The slight delay in LO-46 is within the normal range of Varia- 
tion.    The date of peak parasitemia was similar in monkeys, receiving 
irradiated spotozoltes.     Rhesus 1.0-489 attained a p^ak parasitemia only 
50% as high as the other animals.    This 1» well with normal variation as 
levels as low as 50,000/imn   are observed In approximately 10Z of normal 
rhesus exposed to P.  cynomolei challenge.    Similarly,  no appreciable dlt-    , 
ferences were present in days of parasitemia in excess of 1000 parasites/mm-'. 
This latter attribute is  a good indicator of an inmune response.    An 
Inspection of Figures 5 anl 6 reveals no significant differences in the 
pattern of parasitemia in sporozoite lamunized anlmalr  -\s compared to 
normal animals.    On the basis of these observations it is evident that 
this immunization schedule did not elicit a protective immunity against 
sporozoite challenge. 

Feeding trials of Anopheles stephensl upon treated and control monkeys 
indicated that both groups were equally efficient as gametocyte carriers 
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(Table 6).    Rhesus 1,0-46 was a particularly poor gametocyte  donor  for 
an unknovm reason.    This refractoriness has been observed at occasional 
Intervals in other monkeys. 

The  selection of  10 kilorads as  the minimal dcie  to  inactivate 
V_.   cynomolgi bastianellli sporjzoites was based upon the experience of 
Warren and Garnhara  (1970).     They observf?  that X-irradiation of  sporo- 
zoites  of £. £.  cynomolgi   (M-strain)   in Anopheles atroparvus  at doses 
of  5 ar.d 6.5 kilorads resulted  in smaller »ixoerythrocytic  echizonts  than 
observed in controls but normal patent infections developed.    At a dosage 
of  10 kilorads,   there was no development of either exoerythrorytic 
schizonts nor a patent parasltemla.     Studies with the langur strain of 
I\   cynomolgi indicated a slightly different dose response  to  irrridiation 
whlcn was suggestive of a different Busceplibilluy to radiation. 

It is difficult to extrapolate from the studies of Nussenzwelg et al. 
(1969), who worked with P. b. berghei  0<X65 «train) and A/J mice,   to the 
prest-nt primate model.     Firstly,   the rodent mala-la-  parasites which are 
members of the subgenus Vlnckela have a primary exoerythrocytlc cycle uf 
A3-60 hours while primate malarial  parasites of  the subgenera Plasmodium 
i.nd Laveranin have exoerythrocytlc cycles which range from 132 - 300 hours 
depending upon host and parasite species.    This  five-fold difference  in 
time  spa., may appreciably influence action of lomunogenic materials upon 
exoery'.hrocytic parasite development.    If the effect of protective im- 
munity Is directed towards the Invading soorozoite,  then this is immaterial. 

Another factor in determining effective dosage is the relative dif- 
ference between the size of a mouse  (25 g) and a rhesus monkey  (2500g)-a 
100 fold difference.    Based upon Immun logical investigations with plague 
and arbovlruses It would be expected  that a monkey would require an 
immunization dose apprcximately 10 times  (one log) greater  than required 
in e mouse  (Cavanaugh,  D.C.   and Schneider 1., personal communication). 
On the basis of the berghei model, which requires the use of 2.5 X 10 
Irradiated sporozoltes to protect one mouse against n P. berghei sporo- 
zoite challenge,  2.5 X 10° irradiated sporozoltes would be required for 
a single monkey.    Assuming that sporozoltes of P.  cynomolgi from dissected 
salivary glands of Anophelea Stephens! are as ar.'-lgenlcally active as 
those of P. berghei.  100 heavily Infected mosquitoes would have to be 
disserted for every booster for each rhesus monkey.    If this system of 
feefKn^ mosquitoes directly upon a monkey were  co be used,   2,500 infected 
mojqultoes would be required  for each feed. 

Inspection of the Immunization schedule r>f the ^■'■"sent experiment 
indicates that each monkey received 7.5-9 X 10 Irradiated sporozoltes 
o    approximately only IX of those required by the above assumptions. 

Over the past few years,  the development of mass rearing procedures 
fo.  Anopheles stephensi by Gerberg et al.   (1968) and this laboratory have 
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facilitated the production of  large numbers of mosquitoes with minimal 
effort  and manpower.    One Individual  can rear 100,000 adults weekly. 
However,   the production of large quantities of Infected mosquitoes and 
the extraction of sporozoites still offer problems.    A single ihesus 
monkey can only serve as an  efficient  gametocyte carrier for  a A-6 day 
period   (i.e.,  produce oocyst  counts  of  100 or more which produce  3 + 
salivary gland infections).     Approximately 4,000 anophellnes may be fed 
upon a monkey daily without  deleterious effects upon the donor.     Of  the 
A,000 mosquitoes,  only 80-90% will have fed,  and after a  14  incubation 
periodj   1,500 surviving mosquitoes may be available for  sporozoite isola- 
tion.     It  is evident that a  large rhesus colony with a rapid  turnover 
of animals  in necessary to produce  the Infected donors. 

The application of density gradient centrlfugation has provided a 
new technique for the mass isolation of sporozoites from infected mos- 
quitoes   (Chen and  Schneider,   1969).     With this procedure  it  is possible 
to provide large quantities of  extremely clean sporozoite  SUSTenslona 
for immunolonical and biochemical studies.    It has been estimated  that 
a  technician can dally harvest  2 X  lO7  sporozoites with existing facilities. 
With some modification  in the basic   transferring procedures  of  Infected 
Atiopheles,   the yield can be appreciably Increased.     It  Is not known 
whether  sporozoites processed   in such a manner differ immunogenically 
frum material collected by standard  procedures. 

The  fact that  immunization with  irradiated sporozoites  against 
sporozoite infection was not achieved  in this simian model was not un- 
expected.    It is new technically feasible to produce the quantities of 
Infected anophellnes required for such studies, and optimistically, 
within the near future,  it should be possible to produce large quantities 
of immunologically active sporozoites. 

Conclusions and recommendations 

1. Three new Oriental strains of falclparum malaria  (Vietnam Bui.}, 
Vietnam  (Sn^t-h) and Philippines  (Icr)    were successfully adapted to 
splenectomized Aotus trivlrgatua monkeys.    The Smith str-in is now being 
utilized by the WRAIR program on malaria chemoth^.apy to collect data on 
a drug resistant parasite strain that could only previously be achieved 
in human volunteer studies. 

2. An Ijn.iunosuppressant  drug,   Imuran, was shown to  influence gan">to- 
cyte maturation and subsequent mosquito infectlvlty in the Per.  strain. 
Mosquito susceptibility to P^  falclparum in Aotus Is apparently related 
to early passage history of a particular strain rather than to any In- 
herent qualities of the strain.    With increased blood passage, Aotus- 
adapted strains become more virulent and the infection is fatal before 
gametocyte maturity is achieved.    It  is recommended that parasite Iso- 
lates be preserved as stabilstes at low temperatures to provide passage 
material which favors the production of moderate parasltemias at a 
non-lethal level and gametocyte maturation. 
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3. In most respects, with  the exception of  Immatuie forms  In  the 
peripheral circulation,   the pattern of gametocyte maturation,   Infectlv- 
Ity  to atfophellnes and duration of  gametocyte Infectxcusness  In Aotus 
parallels  the situation In man.     It is cci.cluded that the Aotus system 
will provide the optimal molel for studying hui^an falclparum malaria 
upon the demonstration of a complete exoerythrocytlc cycle In the host. 

4. Immunization of rhesus monkeys with 7.5 - 9 X 10    Irradiated 
sporosoltes of Plaamodlum cynomolgl did not protect monkejs from sporo- 
zolte challenge.     It  Is estimated  that  2.5 X 10    Irradiated  sporozoltes 
will be required to  Immunize a  single rhesus.    This can be accomplished 
through refinements In procedures used  for harvesting large quantities 
of  sporozoltes from Infected mosqultoeo. 
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TABLE 4 

Comparative ausceptlbtllty of Anopheles upecles to Smith and Per, strains 
of falclparum malaria In Aotus trivlfgatus 

Mean 10. malatial oocysts /mldgut 
Aotuo no, 
& strain 

Day of 
Feed A.   steph ins I A. balaba- A. quadrl- 

cenals ma :ulatus 

971 
(Smith) 21 

2A 

25 

26 

0,7 

1,6 

1.4 

6.3 

0.8 

10.8 

1.5 

1.9 

0 

0 

0 

0 

25« 40 20.7 _ 0 
(Per.) 

41 

55 

56 

0.8 

1.8 

3.7 

0.2 0 

0 

0 
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Susceptibility of AnOpheles 
gametocytes 

TABLE 6 

stephenel to Plaömodlum cyrtonolgl bastlanellll 
from immunized rhesus monkeys 

Group 
(Treatment 

Animal 
no. 

Peak mean 
no oocys^o/ 
mosquito midgut 

Days after 
challenge 

Irradiated 
mosquitoes 
(Normal) 

LO-88 
LO 89 

106.1 
115.8 

16 
17 

Irradiated 
Mosquitoes 
(Sporozoites 

LO-46 
LO-47 

)  L(M89 

1.6 
266.5 
102.8 

19 
6 

26 
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FIGURES 

Figure 1. Course of parasltemla of P. falciparum (Smith strain) In 
splenectomlzed Aotus trlvlrgatus 387 during the fourth 
passage. 

Figure 2. Course of pnrcsltemla of JP. falciparum (Smith strain) In 
splenectomlzed Aotus trlvlrgatus 976 during the seventh 
passage. 

Figure 3. Development of P. falciparum (Smith strain) gametocytes in 
splenectomlzed Aotuo trlvlrgatus 388 in relation to 
anopheline susceptibility. 

Figure A. Development of P. falciparum (Smith strain) gametocytes in 
splenectomlzed Aotus trlvlrgatus 922 In relation to anophellr-; 
susceptibility. 

Figure 5. Parasltemlas in rhesus monkeys exposed to 3 doses of irra- 
diated Plasmodlum cyr.omolgi bastianellli sporozoites prior 
to sporozoite challenge. 

Figure 6. Parasltemlas in control rhesus monkeys receiving Plasmodlum 
cynomolg.'. bastianelli sporozoite challenge. 
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23.     (U) To produce keys,  guides,   and other guides for Identification of mosquitoes 
which are vectors of diseases of military Importance,    Emphasis Is on vectors  of 
malaria and arbovlrus dlaeases such as dengue.    Also,  to obtain data on the ecology, 
biology,  and disease transmission potential of  these mosquitoes. 

2'.   (U)    Mosquitoes are collected by military and civilian cooperating agencies and are 
forwarded  to a Joint HRAIR-Smithsonian Institution team for Identification.     This team 
intenaively studies these collections, as well aa collections in established museums, 
and publishes keys, guides, and other Identification aids which are returned   to SE Asia 
for uae by entomologists engaged  in control and aurvey operations.    Team also accumu- 
lates and makes available disease  transmission and biological data. 

25.   (U)     71 07 - 72 06.     Progress continues on the revision of  the subgenus Anopheles 
of Thailand, with 7M of  the specimens present  in the U.S.  National Museum collection 
identified and integrated into the study collection.    Thirteen of 27 keys are complete, 
with the remaining 14 needing only final revlow and editing.     Eighty-five illustrations 
have been completed.    Revisions of  the oubgenera Aedioorphus and Ayurakitia of  the 
genua Aedes are complete.     Eggs of  the subgenera Aedimorphua a>id Diceromyla have been 
deacribed.    A revision of  the subgenus Aedimorphus of t'-e Oriental, Australian,  and 
Pacific regions,  wit;, s description of  the geographical distribution of  the world 
ipeclea will be finished  soon.     For technical reports see Walter Reed Army Institute 
of Research Annual Progress Report,   1 Jul  71 -  30 Jun 72. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malaria Investigations 

Work Unit 125 TaKonomy and ecology of disease bearing mosquitoes of 
Sortheast Asia 

Inveutigators 
Principal: LTC Bruce F. Eldrldge, MSC 
Adsoclpte: MAJ John F. Reinert, MSC; CPT Bruce A. Harrison, MSC; 

RormJd A. Ward, Ph.D.; John E. Scanlon, Ph.D* 

Description 

Mosqti'.toes arc collected In Southeast Asia by cooperating military 
organizations and utYmi  groups. Other supplementary materials are ob- 
tained from exlstl.g collections In museums and other Institutions. After 
study taxonrmlc rt 'islons and descriptions are prepared for all of the 
mosquitoes of Southeast Asia, with emphasis 11 he species of medical 
Importance. Sections of the work are pubils' ^ i>i\  completed, and keys 
of value to mtllt:Ji i  entomologists are prep«-) c: an  required. The even- 
tual aim of the project Is the publication of a series of monographs 
completely describing the mosquitoes of the MI.ea. In addition, collec- 
tion and ecological data are recorded later fcr collation with published 
data on the ecology of the various species. 'hort term field studies are 
conducted in endeml • areas for vector IncrinJ.nation and collection of 
speclmenf. .'or labor :ory analysis. Laboratory crosses are made among 
members of wide-rar ^ing species or related species to detect the presence 
of mating barriers which might affect the specific status of various taxa. 
Studies under thin ' ork unit are performed in conjunction with the 
Smithsonian Institur-Ion under U.S. Army Medical Research and Development 
Command Contract Ml' 2672. This report covers the in-house portion of the 
work only. 
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Progress 

1. Anopheles of Thailand 

The main effort 
revision of the subg 
the Anophelea specln 
S£AMP collection luu 
Thirteen of the 27 k 
genus have been fini 
review and editing, 
for this group. Thl 
errors and have beer 

since the last reporting period has been in the 
enus Anopheles of Thailand. Approximately 702 of 
ons accrued at the Smithsonian Institution in the 
been identified and Integrated into the collection. 

ys needed to complete the monograph of this sub- 
bed: the remaining 14 need only a small amount of 
Eighty-five plates of illustrations are completed 
rty-three of these have been thoroughly checked for 
teturned to the artists for correction. 

♦luiiverolty of Tex^s, School of Public Health, Houston 
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2.  Studies of the penua  Aedea 

The revision of the subgenus Atdimorphua of Southeast Asia has been 
completed and the manuscript submitted for publication. A revision of 
the subgenus Ayurakltia of Thailand has also bc.n completed. A descrip- 
tior of the eggs of the subgenera Dicetomyia and AaJlmorphus is nearlng 
compJetion. The revision of the subgenus Aedimorphus in the Oriental, 
Australian, and Pacific Island regions is nearlng completion, plus a study 
of the geographic distribution of all species of the subgenus on a world- 
wide basis. A study of the female genitalia of the entire genus has 
been initiated. 

Conclusions and Recommendations 

Significant progress has been made toward the revision of the genera 
Anopheles and Aedes of Southeast Asia.  Studies of several subgenera of 
Aedes have been completed, including comprehensive revlewL. of various 
aspects of their biology and distribution from a world-wide basis. Addi- 
tional research should be done to complete the revision of the subgenus 
Anopheles. 
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Work Unit 125 Taxonomy and ecology of disease bearing mosquitoes of 
Southeast Asia 
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23.   (U) To develop reliable In vttro procedures by which large quantities of relatively 
pure malarial sporozoltes can be produced  for malaria vaccine development studies. 
Also,   to develop mosquito tissue culture systems for studies on pathogen invasion and 
growth dynamics in 1- vertebrate tissue. 

2A.   (U) Development of culture media which will support growth of Invertebrate stages 
of malaria pirasites.    Development of various technique«  for the isolation and puri- 
fication of  individual stages of parasite.    Evaluation of mosquito life cycle stages 
for  suitability for establishing primary cultures. 

25.   (U)  71 07 - 72 06.    Methods have been perfected which virtually assure the esub- 
llshment of  cell  j^nes from ihn embryonic and early larval stages of various mosquito 
species.    Diploid ctll lines fr.'m Aedes taeniorhynchus and Culex aallnarius were estab- 
lished during the pant year and an Incipient  line of Culex restuans Initiated. 
Plasmodium cynomolgi oocysts renponded more favorably, by growth and/or differentiation, 
when cultured  togethe.- with M opheles  stephensl cells than in modium alone.    Primary 
cultures were slightly more effective in this respect  than were cells from an estab- 
lished line.     Attempts »re continuing the separate P.  cynomolgi sporotoites from 
homogenized mosquitoes and ganetocyte-infected blood cells from the other erythrocytlc 
stages on density gradients.    Tor technical report sea Waltel Riad Army Institute of 
Research Annual Progress Report,   1 Jul  71 -  30 Jun  72. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malaria Investigations 

Work Unit 126 In vitro cultivation of mosquito tissue and malarial 
parasites 

Investigators 
Principal: Imogene Schneider, Ph.D. 
Associate: CPT Jay Abercromble, MSC; SP4 David Spooner 

Description 

This investigation involves three major areas: (1) to design a cul- 
ture system which will support the growth pnd development of the insect 
cycle of malaria parasites with the eventual aim of collecting large 
numbers of sporozoltes free of mosquito tissue, (2) the use of density 
gradients to isolate the sporozoite stage from mosquitoes and the gameto- 
cyte stage from the other blood forms and (3) the development of primary 
and established cell lines from a selected number of mosquito species. 
The sporozoltes obtained directly or Indirectly through the first two 
approaches are to be used as the source of malarial antigen for immuno- 
logical studies. The mosquito cell HUB» -re to  be utilized in both 
malaria and arbovirus research. 

Progress 

1. Cultlvattcv of malaria parasites and mosquito tissues 

The purpose of this study was to compare the development of 
Plasmodium cynomolgi in primary cultures versus an established cell line 
of the anophellne host as well as to determine whether cultures initiated 
from adult tissues elicited a more favorable response on the part of th«s 
parasites than did those from Immature stages. 

£. cynomolyi bastianelli was maintained by both sporozoite and 
blood transfer in rhesus (Macaca mulatta) monkeys. Adult female 
Anopheles stephensi (India strain) served as the invertebrate hosts. 

The cell line of A. stephensi was initiated in 1968 and has since 
been maintained in continuous culture by weekly passage. Primary cul- 
tures of A. stephensi were initiated from trypsinized fragments of 
neonate larvae or adult ovaries. The cultures were allowed to develop 
to the point of active cell migration and division, usually 4-7 days, 
before the paraaices were Introduced. 

Since it way not technically feasible to dissect out oocysts less 
than 20v in diameter, entire mldguts containing the occysts were placed 
in culture until the latter were 6 days old. From day 9 on, the oocysts 
could be excised without any detectable extraneous material. Some midgut 
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tissue was deliberately left attached to the 6 and 8 day oocysts to 
avoid dissection Injury. A single mldgut or from 5-15 oocysts were 
placed  In each culture. 

Separation of erythrocyte from leukocytes was readily achieved by 
passing the blood through packed, powdered filter paper columns.    How- 
ever,  attempts to separate Lhe various blood forms of jP. cynomolgl In 
different fractions of a serum albumin gradient were unsuccessful.    The 
majority of gametocyte-lnfected cells were found In the two lightest 
fractions but so were the majority of schlzonts. 

Although exflagellaMon may be seen within 10-15 minutes after 
freshly drawn blood Is placed In culture,  this process was not observed 
after allquots of cells from the lightest fractions of the gradient were 
placed In vitro with medium alone or with A.  Stephensl cell line.    After 
24 and A8 hours,  cells from both series were fixed with methanol and 
stained with Glemsa.    There was no evidence of zygote formation or 
ooklnete development In any of the 14 preparations examined. 

Four day old oocy ts showed the least favorable response to In vitro 
culture.    Such oocysts survived less than 24 nours when placed In medium 
alone and showed degenerative changes in both primary cultures and in the 
established cell line within 48-72 hours.    Neither growth nor any visible 
signs of internal development took place.    However,  thle test may not 
have been too valid as the inclusion of the entire mldgut in a culture 
necessitated using fungazone,  in addition to penicillin and streptomycin, 
to control contaminants.    There Is evidence that some Insect cells are 
markedly sensitive to this antibiotic and it may have had an adverse 
effect, visually undetectable, on the midguts which in turn affected the 
oocysts. 

Based on measurements of 55 individual oocysts, the diameter of 6 
day oocysts when placed in culture averaged IBy.    Although a few oocysts 
showed no evidence of growth the majority of those cultured in the 
presence of mosquito cells increased In size.    With a period of 72 hours, 
these increases ranged from a modest 3-4IJ  to a fairly substantial 13y. 
Further growth did not take place even though some of the oocysts showed 
no signs of deterioration for as long as a week thereafter.    With the 
exception of one culture, there was no evidence that the oocysts responded 
more favorably to the cells of a primary culture than to those of the 
established line.    This culture consisted of 12 oocysts and numerous cell 
colonies from a larval explant.    Cleavage of the '   toplasm took place in 
all but one of  the oocyst* and after 72 hours their appearance was 
similar to that of an 8 day oocyst although smaller than normal.    At this 
point the medium was renewed but rather than stimulating further growth 
it had quite the reverse effect and the culture was discarded. 

The growth of 8 day oocysts was quite limited, usually to 5vi or 
less.    However, cytoplasmic cleavage took place in most of the oocysts 
including those in medium alone.    If the oocysts were cultured in the 
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presence of A. Stephens1 cells, cleavage of the cytoplasm was followed by 
the appearance of Immature sporozoltes. Most of these did not attain a 
mature shape or size but Instead were foreshortened and resembled broken 
signets. The oocysts did not rupture spontaneously but if external pres- 
sure was applied the liberated sporozoltes made active flexing tnovemeats. 

By day 9, immature sporozoltes had already budded from the sporoblact 
cores ard required only an additional 2A-A8 hours fo mature. Freed sporo- 
zoltes were present in almost all of the .-u.ltures coTitalning cells, usually 
wlt'iln 24 hours. Approximately 40 percent of the oocysts cultured with 
the  cell line did not rupture whereas the figure for both types of primary 
cultures was about 25 percent. 

On day 10, most oocysts contained virtually mature sporozoltes and 
needed less than 24 hours to rupture. About 30 percent of the oocysts 
did not rupture in cultures containing only medium as compared to less 
than 5 percent in those containing cells. There was ro difference in this 
percentage between the established line and the primary cultures. 

2a.  Isolation of the gametocyte stage from the other blood forms 
and from unintcctuderythrocytes 

Infected, heparinlzed or deflbrinated blood was layered on the bot- 
tom of discontinuous bovine serum albumin gradients with specific 
gravities ranging between 1.068 and 1.108 gm/cm . Before use, the 
albumin was routinely dlallzed in the cold and the osmolarity adjusted 
to approximately 290 mOsm/l t'ith appropriate amounts of selts and 
dextrose. The gradients were spun at 39,000 rpm for 60 minutes in a 
Spinco centrifuge with a SW-50.1 head. Since most of the gametocyte- 
infected cells were found in the uppermost fractions, as were the 
ach<zonts, continuous linear gradients were prepared using the same 
densities at the top and bottom. Three bands were found near the top of 
the gradient (at about 1.072-1.076) but the separation between them was 
not sufficient to withdraw each fraction without some mixing taking 
place. Increasing the differences in the densities of the lightest and 
heaviest fractions may resolve this problem but even so the outlook is 
not too encouraging In view of the results obtained when crude fractions 
viere placed in culture (see preceedlng section). 

2b. Isolation of malaria sporozoltes on density gradients 

Attempts to isolate P. cynomolgl sporozoltes from homogenized 
A. stephensl on density gradients have met with only limited success. 
The main obstacle seems to be the osmotic fragility of the parasites. 
This is readily demonstrated by placing macerated. Infected glands in 
sitting drops containing serum albumin-Fraction V and Renografin (the 
mixture found most effective In isolating Infectious P. gal'laaecum 
sporozoltes from Atdes uegyptl) in the percentages used tf!r  the top and 
bottom fractions of the gradient. At the higher density, tht sporozoltes 
lose their motlllty and become very fuzzy in outline within 30 minutes 
of being exposed to the mixture at 40C. Ic the lighter fraction, the 
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sporozoltee appear normal for approximately two hours.    If lower per- 
centages of the compounds are used,  the densities, are not optimal and 
Isopycnlc gradient centrlfugatlon Is not achieved.    Since the separation 
is dependent upon both the relative densities and sedimentation rates, 
the 3p0r0zolt.es do not peak In any one fraction or cluster of fractions 
but are Instead  found throughout much of the gradient.    Increasing the 
speed of centrlfugatlon as well as the densities of the various fractions 
while decreasing the leugth of time for a gradient run may result In 
tighter banding. 

Attempts to use other materials to form the gradients  (e.g., sucrose, 
Flcoll and Plasdone)  have been even less successful.     The principal draw- 
back in using sucrose is its high osmotic pressure.    The latter two 
compounds proved unacceptable due to their high viscosities at the ap- 
propriate densities. 

3.    Establishment of cell lines from various mosquito species and 
other dipterans 

It is now possible to establish on a routine basis cell lines from 
many mosquito species, using the neonate larval s' ige as the source of 
cells.    For two genera, Aedes and Culex.  the Interval between Initiating 
the primary culture and the subsequent transition to subculturlng now 
takss as little as three days,    r'or other genera, such as Anonhelea, 
this Interval may require 10-21 days.    This difference is pi        tv a re- 
flection of the relative merits of thf. culture media employed rather 
than any any Inherent differences in the ability of the cells to adapt 
to in vitro conditions. 

During the past year, cell lines have been established from Aedes 
taeniorhynchus and C%lex sallnarius.    One Incipient cell line frot  Culex 
restuans has also been Initiated.    In each Instance,  the cells griw In a 
monolayer,  reach a logarithmic growth phase between days 3 and A, and 
are predorainent.ly diplold. 

To deterr    e whether the technique used for mosquito species could 
be applied to other dipterans, embryonic and larval fragments of 
Drosophila aeltnog^ster and Glosslna austlnl and/or G. morsitans, re- 
spectively, we.,     subjected to treatment with trypsin and placed in 
culture.    The former species was chosen because of its almost unique 
statue as the organism of choice in studying many aspects of developmen- 
tal biology and genetics.    The latter two species because of their 
usefulness as models for the transmission of African trypanosomes under 
laboratory conditions. 

So far,  It has not been possible to maintain Gloaslna cells in cul- 
ture for more than two months and all attempts  to subculture the cells 
have been unsuccessful.     In contrast,  three diplold lines of D. melano- 
gaster were eutablished with the length of time between primary culture 
and subculture varying from eight months for the first line to three 
weeks for the third.    In response to request»  from other investigators, 

1412 

^mm^mm 



some 55 dlpteran cell cultures were shipped this  past year  to many 
sections of  the U.S.   as -/ell as  to Canada,  Brazil,   England,  Germany, 
India and New Zeal a id,    'Hie requests were fairly  evenly divided between 
the mosquito and Drasophlla cell  lines. 

Conclusions and  roconmendatlons 

1, £.   cynomolgl cocysts responded more favorably,  by growth and/or 
differentiation,  when cultured  together with A.   Stephens! cells  thar In 
medium alone.    Although primary cultures from adult ovaries did not ap- 
pear  to serve as  a better  supportive system than  those  from an  Immature 
stage,   this may have been a reflection of  t'-.eir  relative growth rates 
slrce explants of   the  latter  invariably grew much  faster  than those of 
the former.     Emphasis should be placed on minimizing this difference by 
concentrating on  the cultivation of cells from various  adult  tissues or 
organs,  particularly  from  the midgut.    The use of  axenically reared 
anophellnes would  reduce or eliminate the need   for antibiotics, 

2, Efforts to  separate blood cells containing gauietocytes from 
those containing schizonts were only partially successful.    More resolu- 
tion might be obtained by altering the relative densities  in the gradient 
or by employing two  successive gradients, 

3, The Isolation of V_.  cynomolgi sporozoites  from homogenates of 
Infected A.  Stephens! mosquitoes on density gradients has not been fully 
realized.    The use of ultracentrlfugatlon should be explored and further 
attempts made to find a better supportive mediun for the gradient, 

A,    Methods have now been perfected which virtually assure the 
establishment of cell lines from the embryonic and larval stages of 
various mosquito species.    Efforts should be directed towards obtaining 
equally successful  cell cultures  from the adult  stages. 
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23(U) Study susceptibility of ehtmpanzees and other primates to infections of human 
malaria . Study the character istics of drug r esistant +rains, provide high density 
of parasites for morphological and biochemical studies. Ccnduct physiological and 
pathological studies of malaria and provi'e test animals for chemotherapeutic and 
immunological investigations. 

24(U) Iufect splenecta!lized, drug t r eated chimpanzees and other primates With plasmodia 
of human origin . Observe the extent and duration of parasit~as , study and response 
of differ ent str~ins to chemotherapy, study susceptibility to reinfection with 
hanologous and heterologous strains . 

25(U) 71 07 - 72 ~ Elec ron microscopy of erythrocytes infected with Plasmodium 
falciparum revealed electron dense , cone- shaped excrescences (about 40 millimicrons 
high and 100 millimicrcns wide) along the plasma membrane. Theee eAcrescences formed 
focal junctions with the plasma membrane of reticular cella of the spleen. The r e-
sulting complexes appear to be respoosi.ble for sequestering erythrocytes infected 
with P. falciparum in the host's spleen . For technical reports see Walter Reed ~ 
Institute of Research Annual Progress Report, l Jul 71 - 30 Jun 72 • 

............ ---·-
DO.~ 1.t98 "'lllaY IOU.a llDITIO .. a Of' 1'otoa 1'0- Ali t OOKI.ITa. DD f'Oil ... uau 1 N:OJt ,. 

AND • ••• • · I MAIII aa IPOIO A-Y U. I Alii ... I. ITa ... -



Project,  3A663713D829 MALARIA  PROPHYLAXIS 

Task 00,  Malarle   Investigations 

Work   unit  127,   Test  Systems   for  Plasmodium  falclparum 

Investigators. 

Principal:     E.   H.   Sadur,   Sc.   D.,   Lib.   Doc. 

Associate:     M.   Alkawa,  M.   D.;   LTC C.   L.   Diggs,   MC;   CPT 
A.   J.   Johnson,   VC;   B.   T.   Wellde;   J.   S.   Williams 

For many years   the host   specificity of  Plasmodium falclparum 
served as a barrier to laboratory experimentation involving 
this  parasite.     Monkeys   (Alouatta  sp.)  wrre successfully 
infected with P.   falclparum in 1934, but this human parasite 
has been transmitted and maintained  in sub-human primates only 
recently.     Splenectomlzed chimpanzees   (Pan satyrus)  and gibbons 
(Hylobates lar) are susceptible to both blood and sporozoite 
Induced   infections  of P^.   falclparum.     Several  other old world 
species have been designated as potential hosta for this 
parasite.     In addition,   the following new world species of 
primates have been used as experimental hosts for £.   falclparum: 
the owl monkey  (Aotus  trivirgatus),   the marmoset   (Saguinus 
geoffroyi),  the white faced Capuchin  (Cebus capuclnus),  and 
the  squirrel monkey   (Saimiri sciureus). 

Two reviews of human malaria  in sub-human primates have 
recently been published.     The owl monkey appears  to be the 
most acceptable model for the study of falclparum malaria. 
In contrast to many of  the other species susceptible to P. 
falclparum,  no natural malaria infections have been reported 
in owl monkeys,  thus eliminating the need for antimalarlal 
treatment prior to  their use.     Since  the nonsplenectomlzed 
owl monkey is also highly susceptible to a number of strains 
of P.   falclparum,   there is usually no need for surgical 
procedures or Immunosuppresslve  treatments to increase their 
susceptibility. 

In the experiments reported h^re parasitologic,  hematologlc 
and serum biochemical determinations were conducted in owl 
monkeys  Infected with P.   falclparum in an attempt  to better 
define  the sequence of pathologic changes associated with  this 
infection in the monkey and to compare these findngs with 
thob^ described for falclparum malaria in human patients. 
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Experimental Animals 

The source,  care and maintenance of Aotus monkeys used  In 
our  laboratory has been reported. 

Parasites and  Inoculation 

The Camp,  strain of Plasmodlum falclparum was used  for all 
experiments and its history  In man  and subhuman primates since 
isolation has been described.     Parasite densities were calculated 
from erythrocyte counts and  thu percentage of parasitized 
erythrocytes observed on Glemsa stained blood smears.     Parasitized 
blood was diluted with sterile physiologic saline and injected 
into  a superficial vein in  the back of  the leg.     Parasitized 
blood was shell frozen In 53! glycerol and kept at  -70 C. 

Sample Collection 

Blood samples were obtained  from the femoral vein and 
mixed with EDTA for hematologic procedures which were completed 
on  the  same day.     Serum for biochemical determinations was 
collected  from clotted blood and  frozen at -70 C within  2 hours 
after  the blood samples were taken.     Usually parasitemias 
were monitored daily by examining  Chick and thin blood smears 
made  from the ear of each experimental animal. 

Experimental Design 

Experiment  I compared values  obtained from non-infected 
monkeys with those of monkeys heavily infected with ?_.   falclparum. 
Animals which were Inoculated with  relatively large numbers 
of parasitized cells   (1-5 X 108)  were used to maintain the 
£.   falclparum parasites and to provide material for antigen 
preparations.     Samples of blood were  taken from these monkeys 
for hematologic and biochemical determinations before necropsy, 
and  impression smears were made  from cut sections of brain, 
heart,   lungs,  liver,  spleen,  kidneys and adrenal glands during 
necropsy.    Portions of organs and sections of gut were also 
preserved in buffered  10Z formalin  for histopathology. 

Experiments  II and III were designed to study serial samples 
of blood and serum from infected monkeys to relate the observed 
changes in Experiment I with levels of parasitemla.    Relatively 
small  inocula (l.S X 10^) were used in these two experiments  in 
order  to extend the period of observation.    One ml of blood 
was obtained from each animal every third day in the second 
experiment, while weekly bleedings of 2 ml were obtained from 
monkeys in the third experiment.     Control animals were injected 
with saline in both experiments and were bled at the same 
intervals.     Some monkeys were killed early in the course of 



Infection while others were not killed until heavy parasltemlas 
had developed.     In experiments  I and IX moribund animals were 
bled until death.    Necropsy in all monkeys of experiment  III 
was done after the animals were given pentobarbital anesthesia. 
Impression  smears and  tissue  sections were  taken as   in  the 
first   experiment and portions  of   the  various organs were  also 
frozen   for histochemical studies. 

Hematologic and Biochemical Techniques 

Standard hematologic methods were used and have been 
reported.     Serum glutamic pyruvlc   transaminase   (SGPT)   glutamic 
oxaloacetic  transaminase  (SCOT),  glucose,  and total protein 
levels  were  deLermlned  by ultra micro methods.     Uric  acid 
deLerminatlons were performed by  an  ultramlcro modification 
of  Carraway's method.     Levels of  urea nitrogen were determined 
by  a modified urease method.     Serum electrophoresis  on cellulose 
acetate  strips were performed by   the  Becknan Microzone  technique 
usinfe  Beckman B-2 buffer. 

Virulence 

The results of £. falciparum infections initiated with 
different numbers of parasitized RBC's are summarized in 
Table 1.  Each of tht 68 animals receiving at least 1 X 10° 
parasitized cells developed a patent Infection in a short 
period and most developed high parasltemlas. Three monkeys 
in this group did not have high parasltemlas and survived. 
One of these animals died 60 days after challenge, apparently 
from causes other than malaria while the remaining two 
survivors are still In our colony more than a year after 
challenge.  All the monkeys in group IT and 10 of 12 monkeys 
in group III had patent infections.  The prepatent period and 
survival time waj usually inversely proportional to the size 
of the inoculum although the duration of patency was generally 
similar for all animals in which the infection was lethal. 
Infections in 8 of 11 monkeys inoculated with glycerolized 
blood stored at -70 C became patent and two of these monkeys 
survived after relatively long periods. 

Clinical Course of Infection 

The clinical course of P. falciparum infection in Aotus 
monkeys as previously reported in an earlier series of animals 
generally applies to ovr experience.  The monkeys remained 
alert and consumed food ana water until the final days of 
infection.  The first manifestations of the disease were 
apparently associated with anemia and did not occur until 
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TABLE 1 

TABU 1 
Virultnce oj Plaunodium dlciparum (Camf strain) in owl monieyi fAotus trivirgitujj 

Group 

Inoculum lit« 
(pvullliid 

RBC'O 

No. 
•nlmils 

Inoculated 

No. totem 

No. lurvivofs 

rrqwlenl 
period* 

Muimun 
pvuilmU* 

Sunivol 
tlmt' 
«hyi) 

I 1-5 X 10" M M/3 IJ(l-4)t 
J.J(J-J)t 

45(lJ-7«)t 
<1             t 

7.2(4-18)t 
(60->300)J 

11 IX 10« 2 2/0 2.5(2-3) 29(25-34) 8.0 

III 1.5 X 10' 12 10/0 7J(6-11) 47(15-74) 14.6(10-1«) 
IV Unknown 

(froifn) 
M »n S.6(4-«)t 

7.0(6-8)t 
44(14-85)t 
U(13-14)t 

I3.t(ia-i7't 
(34->23l)t 

■ M«M (unit), 
t Fual Inftclloni 
« SuMvou. 
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relativ.ely larae numbers of erythrocytes were parasitized. The 
extreaities of the infected animals became cold, mucous membranes 
paled and the aonkeys tired easily. Usually a hunched back, head 
'down attitude was assumed. The monkeys were severely depressed 
and became proaresaively weaker. Finally they became recumbent, 
usually lyina on one side before they died . Epistaxis was 
relatively ca..on and occult blood was detected in stools in 
the latter ataaes of infection. Prolonaed bleedina from lancet 
or needle punctures of the ear or femoral vein were also common 
findinaa. Heaoalobinuria was rarely observed. 

Exeer!Mnt I 

Heaatoloaic values from terminal bleediri&a of !· falciparum 
i nfected monkeys as well as normal values for uninfected 
monkeys are shown in Table 2. Erythrocyte and h..atocrit 
values decreased to low levels in moat infected animals, althouah 
relatively hiah values were recor ded in some of them. The 
hi&her values may possibly have been due to hemo-concentration in 
the venous circulation. The numbers of reticulocyte& appeared 
to be reduced in the infected animals. Levels of platelets in 
the blood of infected monkeys were areatly reduced when compared 
to normal values. While the averaae level of leukocytes was 
similar for the two aroupa of monkeys , the counts froa infected 
monkeys were more varied and their blood showed a areater 
percentaae of mononuclear lr-Phoid type leukocytes. The 
relatively hiah percentaae of eosinophile found in normal 
monkeys was reduced in the infected aniaala. 

The results of serua biocheaical observations are shewn 
in Table 3. The relatively hi ah SGOT and SGPT values observed 
in normal animals increased follovina infection. SGPT values 
increased proportionately more than those of SGOT. Urea 
nitroaen levels increased approxiaately four-fold over those 
of normal animals. Moat infected monkeys did not have increased 
levels of uric acid, thouah the aean value was elevated by 
very hi&h determinations in a few ant.ala. A decrease in total 
serua prot~in levels in the infected ant.ala was accounted for 
by a corr apondina reduction in both albuain and ,.... alobulin 
fractions while levels of alpha and beta alobulina were aiailar 
in both aroupa of monkeys. 

Many aaareaates of parasitized erythrocytes were found in 
impression a .. ara aade froa oraana of the infected monkeys (Piaa. 
1 and 2). The erythrocytes ca.poaina these aaareaatea contained 
primarily aature trophozoite• and schizont&. Althouah these 
aaareaatea were usually found in all oraana ex..ined, they were 
moat often seen in heart ~d liYer ... ara. Blood ... ara obtained 
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TABLE  2 

TABU 2 
Hematohgit valiiti Ironi malario-lrte and Plaunodium filcipiruin-fo/rcled owl monkeys 

Normal values ID Icctcd vaiuca 

Ptftrnpter 
No. 

inimtli »Inn            (n) Raw 
No. 

animals NUan (to) »an«t 

RBC»  X   lOVirnn" 157 5.17         (.M) J.50-7.74 44 3.08 (1.21) 0.87-5.57 

Hrmatocril  % .. *2            (   5 ) 31-56 .. 24 (   8 ) 6-39 

ReticulocytM % 78 2 4          (17) 0.1-10 6 21 1.0 ( 14) 0.1-6.6 

PlilelcU X   lOVmm3 6J 397            ( 109) 204 734 21 52 ( 43) 10-152 

WBC» X   lOVmm' 157 12.7         (4.7) 3.2-28.5 44 13.1 (8.9) 2.7-43.6 
DilferentUl % 

NcutrophUs 
Lympht and mono» 
Eo»inophil5 

<57 55.4 ( 7.6 ) 
35.5 (18.3) 

9.5          (9.2 ) 

13-91 
5-80 
0-J7 

32 .17.4 

60.0 

2J 

(16.7) 
(16.3) 
(") 

4-73 
27-92 
0-8 

I 

1421 



TABLE  3 

TABLE 3 
Serum biockrmkal compontnts in malarh/ree and Phumodium Ukipataw in/rcltd owl monkeys 

Piramelfr 

Transaminase* 
SCOT 
SOFT 

Urea nitrogrn  'mg/lOO ml) 
Uric acid  (mg/100 ml) 
Total protein (g/100 ml) 
Albumin (g/100 ml) 
Alphal   (g/100 ml) 
Alpha-2   (g/100 ml) 
Beta  (g/100 ml) 
Gamma (g/100 ml) 

' KcitmanFrinktl UnlU. 

Nonoal valuta Infected values 

No. 
tnitnib Mean (•o) Raue 

No. 
anlmall Mean IM, Ran gf 

75 1SJ (71) 49-323 16 280 (112) 115-575 
75 47 (23) 21-121 16 124 (73) 48-275 
56 14 (   J) 7-26 28 59 (37) 15-170 
56 0.5 (0.4) 0-2 2S 1.4 (11) 0-5 
75 7.0 (12) 4.9-102 22 «3 (1.0) 4.7-8.7 
75 2.7 (0.7) 1.1-4.2 16 2.2 (0.4) 1.6-3J 
75 O.J (0.1) 0.2-0.5 16 0.4 (0.1) 0.3-0.6 
75 1.3 (0.3) 0.7-2.4 16 1.2 (0.3) 0.7-1.7 
75 1.0 (0.2) 0.6-1.5 16 1.1 (0.3) 0.8-2.0 
75 1.8 (0.5) 1.0-2.9 16 U ( 0.3) 0.9-1.8 
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Figure  1 

FIOUKE 1. Impression smear from heart muscle of 
infected owl monkey showing an aggregate of erythro- 
cytes parasitized by large trophozoites and ichUonts. 

FIGURE 2. Impression smear from liver of an in- 
fected owl monkey showing many aggregates of 
infected RBC'i. 

Figure 2 
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r 
TAPLE  A 

T*«Lt 4 
Count of iti/eelion m owl monkryi ir.oculotrd with tJ X JO' Plasmodium ftlciptmm-Ai/erM erylkricylei 

tVpalrnl I'irtMtfmi* 
prriod I>ty al ■1 dralh 
(dir«) ihtlk (•*) Trrmiml rlinical obvrMlion* 

EXPCtlMENT II 
6U 6 10 46 Epistaxii, wnkiKU 
614 6 11 15 Bloody stool, coma 
616 9 18 jj Modmtt wetkncu 
617 9 16 i» Moderate wnknen 
619 - 10 «:• Apparent good health 
61« - 16 S£ Ruffled fur, thin, but alert and ealinK 
620 18 

ExprJiiucNT J" 

Ruffled fur, thin, little» 

94 7 6 10 18 Alert, killed for early tissue specimen» 
94« 6 10 5 Alert, killed for early tissue spedment 
949 9 17 69 Extreme weakness 
950 6 1.) 68 *EpisUxi», found dead 
951 10 15 J6 Moderate weakness 
956 10 17 74 Moribund 
94J - 15 sc Apparent good health 
964 - 10 K Apparent food health 
965 - 17 K Apparent good health 

■ Slliivr rMlral. 
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Figure   3d-g 
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Figure 5a-b 
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by ear puncture  rarely showed aggregations of cells  but  RBC 
aggregat .s were conmonly seen In hematologic procedures on 
blood obtained  from the  femoral vein. 

Experiments II and III 

Two separate experiments were performed  In an attempt  to 
relate  the observed changes  to  levels of parasltefflla.    Monkeys 
used In these experiments had been observed In our animal  quarters 
for at least one month and appeared to be In excellent condition 
at  the beginning of each experiment.    A summary of  the course 
of  Infection In these animals  is presented in Table 4. 

Red blood cell parameters   (erythrocyte count,  hsmatocrit 
and hemoglobin values)  progressively decreased as  the numbers 
of parasitized cells Increased  (Fig.  3a, b, c>.    The rapid 
decreased noted  in one monkey   (614) was  incomensurate with 
the level of parasitemla.    Levels of retlculocytes appeared 
to decrease in most monkeys early In the infection and in 
dome animals remained low throughout.     A small subsequent 
increase was evident in a few monkeys,  although their numbers 
did not usually surpass pre-infection levels  (Fig.  3d). 
There was a precipitous drop In the numbers of circulating 
platelets which began in some animals during the prepotent 
periods  (Fig.  3e).    Leukocyfe counts In femoral blood 
appeared to be somewhat lower during the early course of 
Infection although some animals   (616, 619, 956) which survived 
the longest period developed a leukocytosis late in the 
Infection (Fig.  3f).    Thlr* increase in the level of leukocytes 
was primarily due to an iucrease In the numbers of lymphocytes 
and monocytes  (Fig.   3g).    Many macrophages containing 
phagocytized malaria parasites and pigment were especially 
prominent in blood smears from monkeys surviving for longer 
periods. 

Pre-infection values of both SCOT and SGPT of serum from 
monkeys in Experiment II were found to be considerably higher than 
those of animals in Experiment  III  (Figs.  4a and b).     In each 
experiment the moderate rises in activity which were found with 
both enzymes did not appear until relatively high levels of 
parasitemla had developed.    Glucose values tended to rise 
early in the course of the infection but decreased markedly 
as high levels of parasitemla were reached (Fig.  4c). On the 
other hand, urea nitrogen levels rose when the level of 
parasitemla was relatively low and Increased about  three-fold 
in animals with high levels of parasitemla (Fig.  4d).     Total 
serum proteins decreased gradually as the level of parasitemla 
increased  (Fig.  5a).    This decrease was apparent in the 
albumin fraction in 8 of 9 monkeys  (Fig.  5b).    In 6 of 9 
anlmale,  the level of gamma globulin also decreased  (Fig.   5c). 
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Three monkeys (9A8, 949, 951) developed small Increases In 
gamMa globulin concentrations.  No consistent detectable 
changes occurred in the alpha or beta globulin levels. 
Double albumin components which were previously reported were 
found in electrophoretic patterns of monkeys in these 
experiments. 

Controls 

Krythrocyte parameters were not appreciably decrcied 
as a result of bleeding the saline injected control monkeys 
which also did not develop a reticulocytosis. Platelet 
levels remained within normal range.  Leukocyte levels for 
control animals In Experiment II ranged from 8.2 to 16.5 
thousand per mm-* before injection and increased gradually 
to a range of 15.3 to 31.0 thousand/mm^ at the time of 
necropsy. Control monkeys in Experiment III had relatively 
stable levels of leukocytes which did not rise over pre-infectlon 
values. Differential counts in control monkeys did not change 
consistently in either experiment, although relatively high 
percentages of eosinophlls (9-21Z) were maintained throughout 
the experiment in control monkpvs in Experiment III. 

SCOT and SGPT levels were generally stable in 4 of the 
6 control animals. Two monkeys in Experiment II (619 and 620) 
had high levels of these enzymes in pre-infectlon serum samples 
and gradually decreasing levels in samples taken as the expeiiment 
progressed. Glucose values remained within normal limits 
throughout the experiments.  Urea nitrogen levels were determined 
on control animals in Experiment III and no elevation over 
pre-infection values was observed.  Four of the 6 control 
monkeys developed a mild decrease In total serum protein as 
compared with that observed in the Infected animals. Usually 
this loss of total protein reflected a decrease seen in 
all fractions. 

The Camp, strain of jP. falclparun usually produced a 
predictable course of infection in the owl noukey. Prepatent 
periods for inocula of similar sis« were relatively reproducible 
and high levels of parasitemia and death usually followed. 
The basis for the resistance seen In the few surviving monkeys 
is not understood at this time.  Since the exact area in 
which our animals were captured is not known, different 
subspecies may have been Included in our study and may have been 
a factor in the observed resistance. Evidence also exists that 
Aotus monkeys with mlcrofilaremia may be resistant to falciparum 
malaria. These monkeys also develop an immunity to the homologous 
strain of P. falciparum after drug therapy and iiupunizatlon with 
killed or irradiated parasites. 

i 
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The progressive anemia accompanying the Infection appeared 
co b£ consistent with the level of parasltemla.  Extremely 
low erythrocyte parameters in one infected monkey (No. 614) 
were presumably due to hemorrhage into an ulcerated cecum. 
No pronounced response to the anemia was evident and there was 
no significant rise in levels of reticulocytes during the 
course of infection.  This observation coincides with previous 
reports of a limited response by man to the anemia associated 
with falclparum malaria. 

A marked leukocyte response was also not evident except 
In the later stages of the infection in some monkeys.  This 
response was characterized by the proliferation of cells of 
the monocytlc and lymphold series and corresponds to the 
description by Tallaferro of leukocytes of South American 
primates Infected with P. brasilianum. 

The cause of the progressive thrombocytopenia 1B not clear. 
Bone marrow examination did not reveal a depletion of megacaryo- 
cytes or any obvious changes in their histology.  Therefore, 
It seems less likely that a decrease in the production of 
platelets played a major part in the thrombocytopenia. The 
depletion of coagulation factors accompanying the thrombocytopenia 
as reported by O'Leary et_ al. strongly indicates a condition 
comparable to intravascular coagulation. Voller has previously 
suggested that the thrombocytopenia may be the result of 
disseminated Intravascular coagulation and may be similar to 
that observed In man. Whether or not the aggregation of 
parasitized erythrocytes, a common finding in both Aotua 
monkeys and in man with falclparum malaria, plays a role in 
the thrombocytopenia and depletion of other clotting factors 
can only be speculated upon at this time. Further examination 
of the aggregates for products resulting from intravascular 
coagulation is needed since results pertaining to this subject 
are inconclusive. It appears, however, that the aggregations 
of parasitized cells are r more consistent and pronounced 
finding in Aotus than in man and that the accompanying depletion 
of platelets and other coagulation factors is also much more 
severe •.han that reported for man.  The higher levels of 
parasltemla which usually develop in Aotua monkeys may account 
for the accentuation of the above processes. RBC's parasitized 
by large trophozoltes or schlzonta were involved in these 
aggregates. Changes in the RBC membranes have been reported 
in cells composing the aggregates and take the form of electron 
dense areas in the RBC membrane. Miller has described the 
sequestration of these cells primarily In the heart in two *otu8 
monkeys early in the course of infection and packing of the 
coronary capillaries by parasitized cells has been reported in 
man with falclparum malaria. As the level of parasltemla Increased, 
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these aggregates were found throughout the vasculature In 
greater numberi. On Impression smears the blood of the heart 
and liver showed the greatest number of aggregates with the 
brain hevlng the fewest. The significance of these aggregates 
Is not yet fully understood since tissue surrounding what 
appeared '■o  be Mocked vessels showed little evidence of 
necrosis and th* clinical course of infection was not characterized 
by episodes typical of occlusive thrombosis. 

Serum urea nitrogen levels progressively Increased as 
the paraaitemla Increased and correlated with the hlstologlc 
changes observed in the kidneys of the infected animals. 
Elevated levels of urea nitrogen associated with renal changes 
have been reported for man with falclparum malaria. Dehydration 
and increased protein catabollsm may have also contributed to 
the elevated urea nitrogen levels. 

Serum transamlnase levels in malaria-free Aotus monkeys 
were relatively high when compared to those of old world 
monkeys or man as have been previously reported. These increases 
may in part be caused by unapparent infections, stress of 
captivity or genetic differences. The disparity between pre- 
infectlon levels of SCOT and SGPT from monkeys in Experiments 
II and III Indicates that some factor not involved with the 
malaria Infection was responsible for some of the observed 
pathology in these monkeys. Moderate rises in both enzymes 
usually occurred in infected animals when parasitemla levels 
were relatively high and confirms a previous report. Corresponding 
elevations of transamlnase activity in man and chimpanzees 
infected with falclparum malaria have been found. 

A decrease in total serum protein due to a reduction in 
albumin and gamma globulin was observed in most of our infected 
animals.  Decreases in total serum proteins due primarily to 
a loss of albumin are a common finding in man where usually an 
Increase in gamma globulin is reported.  The relatively short 
duration and serverlty of P^. falclparum infections In Aotus 
monkeys may preclude the production of Increased levels of 
gamma globulin. Both increased serum protein catabollsm and 
decreased albumin synthesis due to liver dysfunction may be 
Involved. 

Although there appeared to be an initial rise in glucose 
levels early in the infection, a marked decrease was observed 
as high parasitemla levels were reached. Disturbances of 
the glycogenetic function of the liver and Increased metabolism 
of available glucose by the multiplying parasites may have been 
causative factors in the observed hypoglycemla which has been a 
common finding for man and other species with malarial infections. 
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Serum chemical changes  found In  the  Infected Aotus,  especially 
those which occur late  in the course of  Infection when high 
levels  of parasltemla are present must be Interpreted cautiously. 
While effects of substances of malarial parasite origin on 
the  test  systems are relatively unknown,   trypanosones have been 
shown  to produce materials which give high levels of transaminase 
activity.     Erythrocytes are known to contain substances which 
cause high levels of activity in tests  for uric acid and  the 
widespread destruction of erythrocytes  associated with  the 
malaria  infection may play a role  in  the elevated findings 
in this  test.     The high susceptibility of laboratory kept 
Aotus monkeys  to viral   ipA bacterial  infections may also be 
reflected  in altered  levels  of serum chemical components as 
well  as   in the histology of  the affected organs.    Generally, 
however,   it appeared that a good  correlation existed between 
serum chemical changes and  the histology of  the various organ 
systems  of  animals in  these studies. 

The experimental  infections of Aotus monkeys with the 
Camp,   strain of £.   falciparum resemble  fulminating Infections 
in man  in many respects which often are accentuated in the 
monkey model.     Despite  the problems  encountered with Aotus 
monkeys,  we believe that this model  system is a valuable  tool 
for  the  study of  falciparum malaria and will become increasingly 
Important  as  Improved methods of  laboratory maintenance of 
these monkeys are developed. 

2.     Junct i o  ..1 apparatus in erythrocytes  infected with malarial 
parasites. 

Erythrocytes Infected by most  species of malarial parasites 
can be observed in the peripheral blood.     However,   few erythrocytes 
containing parasites appear in the peripheral blood of man or 
experimental animals  infected with Plasmodium falciparum and P. 
coatneyl.     It was assumed that erythrocytes  Infected by £. 
falciparum and P.  coatneyl sequester  in the capillaries of  the 
deep organs,   including the spleen,  heart,  liver and brain. 

In order to investigate this phenomenon,  electron microscopy 
of  the spleen of Aotus monkeys Infected by P_.  falciparum was 
undertaken.     The erythrocytes  infected by  the parasite showed 
minute  surface excrescences, which are often located near  the 
reticular cells of the spleen.    This  communication describes  the 
structure of  the excrescences and  the role of  this structure in 
the sequestration ot  the infected erythrocytes. 

Two night monkeys   (Aotus trlvirgfttus) were used in this 
experiment.     Each monkey received an inoculum of 2 X 10" 
erythrocytes  Infected by P.   falciparum  (Malayan Camp strain). 
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Figures 6,   7 and 8 

Fig. 4 Portion of a paraiütized erythrwyt« (#); parifiit« not inrlnded in micrrgraph. Note 
three eone-ohaped extrew^enc^a in clof«' enntaot with plaflma membrane of retieular cell (/f) 
of «pleen. Two of thowe Htructures (arrow«) appear to have fused with the aplenir coll.      72UH) 

Fig.f. Two cx(Tencem*en along erythrocyte (A') plasma membrane at higher magnif eation. 
A ahort linear hegment (arrow) bridge« one exerem-enee and ploHma membrane of r'tirular 
ctell {R). The other exer Hcence-reticular cell complex HIIOWH a narrow gap. Portions of plamna 
menibrane apposed to excrvucence appear to be thickened due to «light inereiUK! in electron 

density in mibjacent cytoplasm.   ■ 1401)00 

Fig.J.  Kocrtl olcctroniienHe zom- (arrow) «ubjacent to erj'throcyte (A) plaflma membrane 
appose« another electron-den«*» zone in retieular cell (H). I'nlike the excrewenoe, the electron 

dense portion of the erythrocyte doe« not protrude.  - 128000 
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Seven days after inoculation, the spleen was removed and was 
fixed for one hour in 1% glutaraldehyde solution buffered with 
0.05M PO^ at pH 7.3, containing 4% sucrose. After fixation, 
small pieces of the spleen were washed In phosphate buffer 
solution andpostfixed for one hour in 1% osmium tetroxide. 
They were then dehydrated In an ascending series of ethanol 
and propylene oxides, and were embedded in Epon 812.  Sections 
were cut with a Porter-Blum MT-2 ultramicrotome using a 
Dupont diarrand knife.  They were mounted on 300 copper grids 
and stained with IX  uranyl acetate and lead citrate. These 
sections were examined with a Siemens Elmlskop 101 electron 
microscope. 

The sinuses and corda of the splenic red pulp are packed 
with erythrocytes Infected by various forms of P^. falciparum. 
The parasitized erythrocytes are misshapen and show an Irregular 
contour with protrusions and invaglnations.  Alo^g the plasma 
membrane of the erythrocytes Infected by jP. falrlptvum are 
several minute excrescences which are more electron-dense than 
the rest of the erythrocyte cytopl-o.m (Fig. 6). The number 
of the excrescences present in a parasitized erythrocyte 
appears to be related to the developmental stage of the parasite 
within the erythrocyte. In an erythrocyte Infected by a late 
stage of schlzont which occupies more than two-thirds of the 
host cell, about 50 excrescences are seen In a single section. 
On the other hand, the host cell with a small uninucleate 
trophozolte shows only 5 to 6 excrescences along the plasma 
membrane. Therefore, it appears that the larger the size of 
the parasite, the morn excrescences are present.  The non-infected 
erythrocytes do not show this structure. 

Each excrescence Is cone-shaoed and measures 30-40 mu in 
height and 90-100 mu in width. Tie base is not sharply demarcated, 
but gradually merges into the erythrocyte cytoplasm (Figs. 7 and8). 
The excrescence Is covered by the plasma membrane of the erythrocyte 
which demonstrates that it is not an extracellular deposit over 
the erythrocyte membrane. The appearance of the excrescence has 
a superficial resemblance to a budding virus such as Rous 
sarcoma virus and avlan myeloblastosls virus.  However, unlike 
viruses, the excrescence does not possess a nucleoid, nor does 
it bud from the erythrocyte. 

These excrescences may contact the plasma membrane of the 
sinrl and/or cordal letlcular cells of the spleen.  The plasma 
membrane of the splenic cells apposed to the excrescence appears 
to be slightly thickened due to an increase in density of the 
cytoplasm.(Fig. 3).  The tip of the excrescence sometimes touches 
the plasma membrane of the reticular cells and the two plasma 
membranes appear to fuse (Fig. 2).  In other instances, a short 
electron-dense linear segment bridges two closely appesed points 
(Fig. 3).  On occasion, a gap of 90 A is observed between the 
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thickened  plasma membrane and  the excresct.nce   (Fig.  3).     In 
addition  to  these  excrescences,  focal  electron-dense zones 
without  excrescences are roted along  the plasma membrane of 
the erythrocytes.     The plasma membrane of the  retlcular cells 
close  to  the electron-dense zone of  the erythrocyte Is also 
electron-opaque. 

The excrescence-retlcular cell complex resembles the 
focal  tight junction described In the mesenchymal cells of 
chicken embryo by Trelstad et al. ,  who  suggested  these Junctions 
are a primitive type of cell    adhesion.     However,  contrary to 
the focal  tight Junction, which is  formed by a pair of 
enantiomorphic electron dense zones,   the excrescence of  the 
parasitized erythrocytes is more electron-dense than the appcsed 
cytoplasm of  the  retlcular cells.     The  excrescence-retlcular 
cell complex thus,   Is similar to hemidesmosomes• 

From their structure and relationships,   it  is apparent that 
the excrescences observed in the parasitized erythrocytes form 
Junctions with the retlcular cells In the spleen.    Although 
primitive,  excrescence might be responsible for the adhesion 
of the erythrocytes infected with P.   falciparum to retlcular 
cells,  leading to sequestration within the spleen.    This 
supposition is supported by the observation that large schitonts 
sequester In the deep organs to a far greater extent that 
the uninucleate trophozoites; the host cell of the schlzonts 
have correspondingly more excrescences  than the host cells of 
the trophozoites. 

A similar structure has been reported in the erythrocyte 
membrane infected by JP. coatneyi and in those infected by P. 
falciparum.    The former investigators suggested that it may 
be the site of erythrocyte agglutination, which produces 
clumping of the infected erythrocytes, whereas  the latter 
workers suggested that these excrescences form adhesions with 
the endothelial cells of capillaries and these lead to the 
sequestration of  the parasitized erythrocytes.     It is possible 
that the excrescences formed in the parasitized erythrocyte have 
adhesive affinity for certain cells such as the retlcular cells, 
endothelial cells,  and erythrocytes with which the excrescence» 
of  the parasitized erythrocytes come into proximity. 
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Project  3A663713D829  MALARIA PROPHYLAXIS 

Task 00, Malaria  Investigations 

Work Unit 128,  Natural and Acquired Immunity in Rodent Malaria 

Investigators. 

Principal:     E.   H.   Sadun,   Sc.   D.,  L^b.  Doc. 

Associate:     N.   T.   Briggs,   Ph.   D.;  LTC C.   L.   Diggs,  MC; 
A.   E.   vonDoenhoff,  Jr.; MAJ S.   H.   Lourie,  MC; 
SFC  E.   Rodriguez;  SP/6 R.  M.  Weber.   Jr.;  B.   T. 
Wellde 

1.    Antibody mediated  immunity  to Plasmodium berfthei  independent 

of the third component  of  complement. 

Antibody has been shown  '.o be an important  determinant of 
immunity to Plasmodium berghel  infections  in rats.     To date, no 
information has been obtained which bears on the  possible 
participation of  complement  components in  this  reaction. 
An anticomplementary  factor   (CVF)  derived from cobra venom, 
first used successfully in vivo by Nelson,  provides  an 
approach through which  information relevant  to  this possibility 
can be obtained.     This  factor,  which destroys  the  third 
component of complement   (C3) ,  has been used extensively  to 
investigate immunopathologlc mechanisms. 

It was considered  that administration of CVF  to rats 
infected with £.  ber^hel but protected by passively supplied 
antibody would  allow a determination of whether or not C3 
is  required for the  antibody mediated protection.     The present 
study demonstrates  a protective pathway which is  antibody 
mediated but C3 Independent. 

A derivative of  the Nyü-2  Isolate of P.  beighel was used 
throughout.     Forty   to ninety gram Inbred Fischer  rsts ware used 
for the experiments and for maintenance of the parasite. 
Methods of parasite maintenance have been previously described. 
Hyperimmune serum  (IS)  was prepared by infection of one month 
old rats with 1 X 106 P. berghel parasitized erythrocytea 
followed by three additional Injections of parasitized cells 
over a period of six months.     A total of 3 X 10    parasitized 
cells and 1 X lO"  erythrocytea per animal was administered. 
Control serum  (NS)  was obtained by parallel Injections of 
unlnfected red cells  at  th-  time of injection of   the immunized 
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rflts.    ^il  animals  were bled one week after  the   last  injection, 
the  serum collected,   pooled  and  stored at  -20 C. 

Experimental  animals were infected with 2.5  X 10" 
parasitized erythrocytes  in 0.05 M sodium phosphate,  0.01 
M NaCl at  pH 7.0 with  5%  control  rat serum per  100  gm üody 
weight. 

CVF was prepared  from the  cruae venom of Naja ha je 
as previously described by Shin et^ al-    Parusltemia WPS 

monitored by examinations  of   thin blood  films  stained with 
Giemsa's   stain;   unless otherwise  stated,   fifty  oil   immersion 
fields were Ptudled before a slid^ WAS considered  negative, 
and  200 eiythrocytes  were  counted  for a quantitative estimate 
of  the percentage  of erythrocytes parasitized.     Activity of 
C3 was estimated by  a heuolytic assay using purified guinea 
pig components as  described by Shin and Mayer.     Statistical 
analyses were by  the non-paranetric Mann-Whitney  U test;   the 
95% confidence level  «»as  chosen. 

In vivo deccmplementation by CVF via  first  exnlored. 
Whereas serum 03 levels varied but llttls during  tue observation 
period in control  anlmalf,  experimental rats had no detectable 
C3 2.5 hours after  injection of CVF and  this depression was 
maintainrd during  the 100 hours of sample collection;  only a 
slight tendency  towards a return to normal was noted and  this 
was only apparent  in the 75 and 100 hour samples.     Experiments 
with durations of up  to 4 Jays can therefore be performed 
with confidence  that  03 levels will remain depressed. 

Studies were  then initiated to determine vhether or not 
CVF can influence malaria due to P. berghei.     Since the effect 
of CVF is known to be transient,  It was Important  to design 
experiments in which possible effects would be expressed shortly 
after CVF treatment.     Two kinds of effects of CVF migl.t be 
anticipated;   (a)  a direct  influence on parasites which might 
be detected by altered parasltemias when CVF is  given at 
the time of infection and  (b)  an Interference with complement 
interaction with parasite-antibody complexes.     It was 
considered that the probability of detection    of  this latter 
event could be increased by passive administration of antibody 
simultaneously with CVF and the infectious inoculum.    An 
experiment was therefore conducted in wh-'ch animals were 
Injected intravenously with mixtures of parasitized erythrocytes, 
either CVF or saline,  and  IS or NS In the 4 possible combinations. 
The animals were examined  for parasitemia over  the next 26 
days, during the first eleven days of which daily examinations 
wera performed. 

1441 

*** 



^m 

All  NS  treated  animal,    were patent  on  the day  after 
infection whether  or  not   -hey  received  CVF.     In  contrast,   all 
16 rata  n ceiving   IS   remameu negative  for parasites   for   five 
days  and  rot  until   the  ninth  (iay were  all positive.     A 
slight contraction of  the p/epatent period by CVF in  the  IS 
treated grcuas  is,   however,   suggested.     The subsequent 
course of  pz-rasi'-emia  also   indicated a profound  effect  of   IS 
but only marginal  effects  of  CVF within serum grojps. 

Statistical  comparisons  between parasitemi-.s   In KS 
groups  receiving either CVF or saline  as  observed  on  each  of 
17 days  revealed one   Isolated  significant  difference   (higher 
parbditemia  in  the  CVF group)   and  this  occurred  on   thi 
fourth day  after  Infection.     The comparisons  in  levels  of 
parasitemia  in  the   IS  groups   revealed  a significant  difference 
in CVF v& saliae categories only on day  7  ''Table  1). 

In order  to study  the  system for complement  dependence 
in more detail,   iL was necessary to obtain evidence of decc .plementa- 
tlon prior  to introduction of  the parasite and to  then examine 
the animals  for  (a)   persistent low activity of C3 and 
(b)  parasitemia.     This was  achieved by an additional experiment 
in which  33 M  gm of  CVF and  0.66 ml of   IS or NS per  100  gm 
body weight were  injected before infection with  the standard 
inoculi.m of  ?_.  berghel. 

Table UP. demonstrates  *vh«t C3 activity was  reduced  to 
undetectable levels  In the CVF treated animals and  that no 
restoration of activity occurred over the next 18-20 hours. 
Nevertheless,   there was an easily detectable effect of  the 
immune serum on parasitemia during the same Interval.     Subsequent 
data on parasitemia are presented In Table  lib,  In which It 
can be seen that depressed parasitemia persisted  in both  IS 
treated groups.     LBLT bleedings were lest   Informative due ^o 
death of a number of  the anlmalo. 

These studies  demonstrate that the third component 
of complement  is not  required for expression of the protective 
effect of  immune serum in the P. berghel-rat system  (Tables I and 
II).    Although it  Is  conceivable that amounts of  C3  too small 
to be measured in the  tests we    «vployed could have persisted 
and participated  in  the observed immune effects,   this possibility 
seems unlikely.     Evidence  for a minor enhancement of parasltemip 
by CVF in both the NS and  IS  treated rats was obtained but  is 
less than compelling.     Even  if further studies should  Indicate 
that an effect  does occur,   it  is evidently a minor one. 
It should be pointed out  that  these experiments were performed 
in the presence of a relatively large amount of antibody,  and thsr: 
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'f·able I 

Development of I :tent .!.:.· berghei Parasi tcmia After 
Treatment with Immune SP.rum and Cobra Venom Factor 

Immune Venom 
No. Anirna.ls ·X· Patent on Day 

Serum Factor 1-5 6 7 8 9-ll 

+ 0 2 0 3 8 

8 8 8 8 8 

+ 8 8 8 8 8 

+ + 0 1 4 7 8 
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i'fftct of Pre Infect ion IVcoTtipleineRtfiticn on Expn 1 *! rj .or: of Antibody 
MeJialrri Inmunlt;/ to P. here) lei ; 03 levels F nd l8-?i ) !)(.n:r Patency 

Serum C3 Activity1'2 Mo Animals latent   ' 

Iimnune    Venom      2-5 Hr Before 18-20 Tr After 18- -20 llr AftM' 
Serum      Factor        Infection Infection Infection 

+              -            57 ('18-58) 59 (5^-61) 1 

55  (53-63) 60 (59-66) 5 

+              0 (0 - 1) ] (0-1) 5 

+               +              1  (0 -  1) 1  (0 - 1) 2 

'Pei- cent lysis, median  (.range).     Serum dilution 1:3000. 

o 
"Five animals per Rroup. 

Smf.'arn were exhaustively studied  (>150 microscopic   fields) before 
being declared negative. 
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Table  ]]b 

Effect of Prelufection ri-'conplcmcntatiou or Expression  e:' /LntJbcJy 
Kedlattd  Ttimunity   Lo P.  beruhei;  Peripheral  Parasitemia on the Fourth, 

Seventh and Kleventh Day After Infection 

Iwmune  Venom 
Serum    l'nci-or k Dayr 

Per Cent ErytiiroeyLtc Parasitized 

7 Days .11 Days 

^ 7.5 (%5-10.0) 17.0 (9.5-?7.:-) 

-      '6.0 (3.0-7.5) 13.8 (.10.5-21.0)3 36.0 (^O.n-'tS.^): 

+        6.0 (1.5-7.0) 16.0 (9.5-20.5) 1+0.5 (2^.5-52.5) 

+                  +2 9.5 (6.5-1I4.C) ?6,5 (5.5-33.0) 

Tdedian (Range); 5 animals per group. 

2 
All anima-i-s positive, but parasites too scarce 

for quantitative estimates. 

3 
One animal dead in this group. 
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if both complement dependent  and  Independent  reactions occur, 
the  former could be masked by  the latter.    To resolve this 
question,  it will be necessary  to perform experiments with 
limiting amounts of antibody so  that partial protective 
effects can be observed. 

These findings are  in agreement with those of Cohen and 
Butcher who used  in vitro assay of antiparasitic activity 
involvi'-g P.  knowlesi and homologous antibody.     These workers 
obtained two kinds of evidence  for a comple^^nt pathway; 
(a)   fresh serum is  not   required  and   (b)   tht  ptpsin digest 
of  immune  IgG (F(Abl)2)   is  active.    Although whole serum 
was  used to induce the protective effects observed in this 
report,  evidence for involvement of antibody in the reaction 
has been obtained previously. 

The results suggest  that  the antiparasitic effect of 
antibody on P.  berghei may be analogous  to a ' ype of viral 
neutralization as has been previously suggested  in that 
complement appears  to play a minor role in these reactions. 
If either a cytotoxlc reaction oi.  opsinizatlon were involved, 
the  participation of C3 might be expected.     It  can be speculated 
that once "neutralized," malaria parasites are hs.idled as 
inert debris,  and phagocytizcd by the mononuclear phagocytes 
which  act  as  scavengers.     Alternatively,  specific  immune 
phagocytosis may occur by a complement  independent pathway. 
Obviously multiple mechanisms may obtain and much more work 
will be required  to elucidate  the cellular and molecular 
mechanisms of the expression of hun.jral  immunity in malaria. 

2.     Requirement of  induction  of   immunity to Plasmodium berghei 

malaria by irradiated parasitized erythrocytes. 

ArMficial immunization of mice against Plasmodium berghei 
infections has proven to be a useful model in the study of 
immunity to malerla.     Protection  from this infection has been 
demonstrated in mice allowed  to recover with the aid of 
chemotherapy,   in animals administered irradiated parasitized 
erythrocytes,  and with parasites attenuated in a tissue culture 
system.    More recently,  reports o£ protection Induced by 
parasite fractions have appeared in the literature.     Similar 
procedures have been used  to  immunize rats against the parasite. 
No direct comparisons of  the  immunogenlc efficacy of  intact 
versus disrupted parasitized erythrocytes have been reported. 
These experiments were designed  to make such comparisons and 
to explore other characteristics of the host-parasite system 
which are required for an optimal  immune response. 
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Parasite 

The NYU-2 strain of  Plasmcdlum berghel was  used  in all  the 
studies  reported herein.     Procedures  for maintenance of  the 
parasites have been previously described. 

All experiments were conducted using random bred albino 
mice reared at the Walter Reed Army  Institute of Research 
(Wrm:(lCR)BR). 

ImiBunization 

Immunization of animals was achieved by the injection of 
parasitized erythrocytes which has been Irradiated using a 
CO-60 source as previously reported.     The immunizing, schedule 
involved  five injections over a two and one-half week period. 
Unless otherwise noted,   the  total dose was 1 X 10' parasitized 
erythrocytes.     In some of  ti.-»  experimental groups,   the  inocula 
were disrupted either in a pressure cell or by freeze- 
thawing by immersion in a C02-("thanol bath with subsequent 
thawing:  a total of  three free;;e-thaw cycles was employed. 
Morphological observations or   ihese preparations were made 
after concentration of  the lesidue by centrlfugation at 
27,000 x g and staining wlt'.i Gelmsa's stain. 

In experiments  Involving  the use of suliadlazlne,   the 
animals were injected with 0.2 ml of a 10 mg/ml solution 
intraperitoneally on the day  prior  to exposure to parasites 
and then daily until one week after  the last exposure; 
challenge was deferred until one week after the last dose 
of drug. 

Assay of  Immunity 

Groups oc animals were treated for immunity to Plasmodium 
berghel by intraperitoneal challenge with 2 X 10^ parasitized 
erythrocytes.    Significant prolongation of survival time beyond 
that of control animals was  taken as evidence of immunity. 
The percentage of animals surviving for 30 days was another 
useful  index of projection;  animals alive at that  time usually 
survived. 

Assays of Protein Synthesis In vitro 

The protein synthetic ct-paclty of parasitized erythrocytes 
was assayed by the incorporation of C-14 isoleuclne  (301 mc/mM) 
into trlchloracetlc acid  (TCA)   Insoluble material.     Erythrocytes 
collected in heparln from heavily parasitized mice were washed 
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and  suspended at a concentration of  2.5 X 10^/ml In Hank's 
buffered salt solution with added  glucose   (1.75 mg/ml), 
potassium penlcillin-G  (500 y/ml)   and streptomycin sulfate 
(500 Mgm/ml).     C-14 iuoleucine was  added  to a concentration 
of 0.2-0.3 Mc/ml at 37 C in a metabolic water bath  (Dubnoff) 
shaken  at  60-100 cycles/mln.     One half ml  samples were  removed 
to 5 ml  cold 0.01 M isoleucine in 0.15 M NaCl at Intervals 
thereafter.     The cells were sedlmented at  800 X g, washed 
in an additional 5 ml isoleucli e and lysed with 2.5 ml 
H2O.     The  solution was brought  to  10% TCA,   the resulting 
precipitate sedlmented at  800 x g,  washed  twice in 5 ml  10% 
TCA and  dissolved in 1.0 ml of a quaternary ammonium base 
solvent,  NCS.     The preparation!) were washed into a scintillation 
fluid  consisting of 0.3 gm/1 of p-Bls   (2-(5-phenyl-oxazolyl)/ 
benzene   (POPOP)  and 5 gm/1 of  2,5-dlphenyl-oxazole  (PPG)   In toluene 
and  counted  in a Packard  liquid scintillation counting sys;em. 

Other  Procedures 

Hemolysls was estimated by absorbance measurements  of 
supernatant  fluids at A12 nM 

Chemical  fixation of  Irradiated parasitized cells was 
performed  in a 2.5% solution of gluteraldehyde in 4% sucrose 
in 0.05 M sodium phosphate,  pH  7.1 -  7.2  for lo min at A C. 
The gluteraldehyde was removed by centrifugatlon and washing 
with 0.075M sodium phosphate,   pH 7.3 in 0.075M NaCl. 

Splenectomies were performed under sterile conditions 
on mice anesthetized with Relaxans.     The spleens were exteriorized 
through a small incision and were removed by cautery.     Sham- 
operated control mice received the   Tame treatment with  the 
exception that the spleen was not removed.    Surgical skin clips 
were used  to close the incisions.      Splenectomies were done either 
one week before or 3 to 5 days after immunization. 

Effect  of Hemolysls of Immunogenlcity of  Irradiated Parasitized 
Erythrocytea. 

The degree of immunity induced by irradiated parasitized 
erythrocytes was compared with that obtained with lysates of 
the same preparations.    Two experiments were performed in 
which disruption of the parasite-host  cell complex was 
accomplished either by passage through  the Frenon pressure cell 
or by freezing and thawing.    Mortality curves for animals in 
comparable groups were similar and the data from these two 
experiments were pooled.     In spite of  the survival of 60Z of 
the animals which received Intact irradiated parasitized cells 
(positive  controls), till   other animals died within 21 days. 
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The median survlal times of negative  controls   (animals given 
no pretreatment)  and experimental  groups were similar  (8 
to  10 days)  but  ^hree mice  from three different experimental 
groups  survived longer than any negative  control animals. 
Both methods of disruption resulted  In  complete hemolysls as 
Judged  from the gross appearance of  the preparations. 
Microscopic observations revealed many  intact parasites after 
either freeze-thaw or treatment at 1000 pounds per square 
Inch   (psl)   In the French pressure cell;  higher pressures 
resulted  ir. essentially complete disruption of parasites. 

In orde*   to determine whether or not a greater time Interval 
between  immunization and challenge enhances Immunity,  after 
treatment with antigens derived from disrupted cells, we 
performed  a similar experiment  In which  the prechallenge 
period was  extended.     Irradiated parasitized erythrocytes 
were  lysed at  1000 psl and used to immunize mice;  positive 
and negative controls were  included as before.    Four weeks 
after  immunization, one-half of the animals in each group 
were challenged;  Che remaining animals were challenged eight 
weeks  after  the last immunizing injection.     It is evident 
that  little  immunity could be detected even when challenge 
was  delayed.     The survival of  Che single mouse in the 
experimental group challenged at  four weeks is significant, 
however,   since an untreated animal has never survived In any 
of our experiments.    The survival of 100Z of the positive 
control animals after challenge at 8 weeks is also noteworthy. 

In order to further investigate  Che immunogenlciuy of 
disrupted parasites,  an experiment was  performed in which 
irradiated parasitized cells were disrupted at 100C psi, 
the resulting preparation centrifuged at 27,000 x g, and the 
supernatant fluid and sediment each used as experimental 
immunogens.     Control groups were also included, and Che 
animals wera challenged one week afCer the last Injection. 
Median survival times were similar in negative control and 
experimental groups, but one mouee each In the supernatant 
fluid and sediment groups survived for 30 days. 

Effects of  Irradiation Dose on ImmunogenlciCy and ProCein Synchesis 

Two experiments were performed to investigate the effect 
of increased levels of irradiation on the immunogeniclty of 
parasitized erythrocytes.    The first experiment assessed levels 
up to 200 Krad; In the second experiment, 400 and 800 Krad 
were also used.    Because of Che time required for the latter 
large Irradiation doses, measures were taken Co mainCaln all 
preparations at near 0 C during irradiation; heating effects 
can Cherefore be ruled out as a cause of the observed impeirmenc 
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of   iimnunogeniclty.     The median survival   times of negative 
contiols were similar to  the two experiments  (9 and 11 days 
respectively).     In both experiments,   a progressive dlmunltlon 
In  Immunogenicity was noted as  the Irradiation doses Increased. 

In  the  third experiment,  in vitro protein synthesis by 
irradiated parasitized cells was  studied.    Heavily parasitized 
and  uniufected control heparlnlzed mouse ervthrocytes were 
washed  In  0.15M NaCl and  adjusted   to  5  X lO^/ml.    Allquots of 
the parasitized cells were irradiated at seven different 
dosages.     After removal of samples  for estimates of hemolysls, 
the  suspensions were assayed   Cor protein synthetic capacity. 
The  results  Indicate little or no difference in the initial 
rate of  Isoleucine incorporated by nonlrradlated cells or cells 
Irradiated at 20 or 40 Krad,  although  the data suggest a 
dlmunltlon in rate in the irradiated  cells toward the end of 
the experiment.    Higher levels of  irradiation resulted in a 
progressive  loss in protein synthetic capacity until at 200 
Krad  Incorporation was indistinguishable from the uninfected 
erythrocyte control values.     It was noticed during the course 
of  this experiment that hemolysls was  taking place in the 
reaction mixtures.    Estimates were made of hemolysls in cell 
suspension samples  taken after  irradiation and held at room 
temperature in saline until the last sample was taken for 
estimates of isoleucine incorporation.     It is apparent 
that both protein synthesis and hemolysls are functions of 
irradiation dosage but that  the latter is more resistant 
to changes  in dosage than the forraer. 

Effect  of  Sulfadla^ine on Immunoneniclty of Irradiated Parasitized 
Erythrocytes 

These experiments were designed  to  test the possibility 
that  normally metabolizing parasites are required for immuno- 
genicity.     Since sulfadiazine is highly effective against P. 
berghel  Infections,  it was reasoned that  the drug would also 
inhibit metabolism in irradiated parasites.    An experiment 
was  therefore performed in which large doses of sulfadiazine 
were  injected into mice prior to,   during,  and after Immunization 
with  Irradiated parasitized eryt .lucytes.     In addition to  (a) 
positive and  (b) negative controls as described above and  (c) 
experimental mice immunized with  irradiated parasites and given 
drug,   two additional control groups were employed;  these 
consisted of   (d)  animals which were  treated with drug alone 
and   (e)  animals which were given nonlrradlated parasitized 
erythrocytes and sulfadiazine.     These last two groups were 
included  to   (1) serve as "drug only" controls to detect 
possible persistence of drug and to   (2)   test the efficacy of the 

1450 

j 



^^ 

dose of drug usod In preventing parasltemja due to nonlrradlated 
parasites.     One day prior to challenge,  blood films were 
collected  from the group  (e) of animals which received 
nonlrradlated parasites and sulfadlazlne;  all animals were 
negative. 

The  results demonstrate  that  immunization was achieved 
even though  the animals were being treated with the drug. 
It  can also be seen from these data that nonlrradlated parasitized 
erythrocytes were immunogenir. in drug treated animals.    A 
total of  three experiments of  this  type all  Indicated that 
sulfadlazlne does not inhibit immunogenlcity. 

In an jji vitro experiment,  protein synthesis by non- 
lrradlated parasites in the presence of sulfadlazlne was 
investigated.     No inhibition was observed during the 2 1/2 
hour exposure to drug. 

Effect of Gluteraldehyde Fixation on  Immunogenlcity of Irradiated 
Parasitized Erythrocytes 

Since the integrity of the parasite-host cell complex 
may be  crucial to immunogenlcity,  parasitized cells fixed In 
gluteraldehyde were tested for ability to  Induce a measurable 
immunity to challenge.     In order to take advantage of any 
Increase in sensitivity to be obtained from an extended 
time interval prior to challenge,   groups of animals were held 
for either one week or four weeks before  they were challenged. 
All positive control animals challenged at four weeks survived. 
Although median survival  times were similar in the experimental 
and negative  control groups,  a single experimental mouse 
survived. 

Effect of  Splenectoray on the Resistance Produced by Irradiated 
Parasitized Erythrocytes 

Four separate experiments were undertaken to determine 
the effects of splenectomy before and after immunization on 
the development and maintenance of  Immunity produced by 
Irradiated parasitized cells.     Immunized mice were given a 
total of  approximately 5 X 10° irradiated parasitized cells. 
Negative control mice received inje   Mons of irradiated normal 
mr ise erythrocytes or were untreated.     Mice splenectomized before 
J imunlzation were not resistant to the challenging infection 
and their median survival time  (9 days)  was similar to tha: in 
untreated mice   (10 days)  and mice receiving normal irradiated 
blood  (9 days).    On the other hand,   the median survival time of 
sham-operated immunized mice was 18 days.     Splenectomy after 
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Immunisation also severrly affected  the expression of  Immunity. 
Mice  In  this group died at a rate similar  to  that of negative 
control mice.     The median survival  time  for mice splenectomlzed 
after  immunization was 11 days,  as  compared  to 19 days  for 
sham-operated mice. 

Sham-operation procedures  conducted on mice either before 
or after  immunization appeared  to have an effect on resistance 
since  there was a greater percentage survival and a greater median 
survival  time in the positive control mice   (untreated immunized) 
than  in either of the two operated groups. 

These studies demonstrate  that  optimal  immunogeniclty of 
Irradiated parasitized erythrocytes  is dependent on an Intact 
parasite-host cell complex.    The immnnogenlc effect persists 
in  the presence of treatment with a chemotherapeutic agent. 
Disruption of parasitized erythrocytes  either by passage 
through  a pressure cell or by  repeated  freezing and  thawing 
resulted  in extensive, but not  complete,   loss of Immunogeniclty. 

It  is of  Interest to compare  these findings with  those of 
D'Antonio  et_ al.  who have detected  immunogenlc activity In 
fractions derived from parasitized mouse erythrocytes.    Whereas 
these, workers performed their studies with subfractlons of  the 
erythrocyte parasite complex, we worked either with the whole 
disruptates or with the sediment and supernatant  fluids thereof. 
It is possible thai, in the present study the crucial antlgenlc 
substances were somehow destroyed or  that  their activity was 
masked  by  extraneous protein or by other material present  in 
the suspension.    However, activity was not significantly 
enhanced when the supernatant fluid containing the bulk of 
the hemoglobin was removed.    A more likely explanation for 
the apparent discrepancy between these and  the above mentioned 
findings  is the fact that the other workers employed a host- 
parasite system in which virulence was less marked than In 
that reported here. 

A possible explanation for the higher efficacy of Intact 
parasitized erythrocytes as opposed  to lysates  is that antigen 
synthesis continues In vivo during the early hours  (or days) 
after  injection of irradiated parasites  into  the recipient. 
The fact  that relatively low level? of irradiation only slightly 
Inhibit protein synthesis has been demonstrated in P.  knowlesl 
by Trlgg et al.who suggest that this might account, in part, 
for immunogeniclty.    If this were the case,  then "exoantigens" 
could be present in small quantities in the parasite extracts 
which   ihow low level immunogeniclty.     The progressive reduction 
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of Immunogenlcity with Increasing radiation dose night indicate 
a progressive  loss of synthetic capacity,   and  this  is  indicated 
in  this  investigation.     However,  since lysis  also increased 
with increasing levels of irradiation,  a postulated direct 
inhibitory effect cannot be distinguished  froc Inhibition 
associated with cell disruption.     Interpretation of  the 
interrelationship between these two phenomena is complicated 
since lysis  proceeds during the protein synthesis experiments, 
and  in fact,   probably  continues  to occur  for many hours. 
Studies  of protein synthesis  in Irradiated parasitized 
erythrocytes  under conditions  of reduced  lyttis  through the 
use of SH protective agents might be tnformativa. 

Pertinent   to these considerations are  the experiments 
which indicate no effect of sulfadiazlue on  iumunogenicity. 
Since sulfadiazlne would be expected  to  Interfere with biosynthetic 
functions,   it  seems  likely that  ehe parasites of animals which 
received  sulfadiazlne on a dally basis would have an impaired 
ability  for antigen synthesis.    This speculation must be 
tempered by  the fact  that   ' prompt inhibition of protein 
synthesis by ?_.  berghel is not  induced by sulfadiazlne in vitro. 
It has also been reported that protein synthesis  in malaria 
parasites is not inhibited by other drugs with similar sites 
of action.     In any case,  animals so treated were effectively 
inmunized. 

A recent  contribution indlcatee  that heat  Inactivated 
P. berghel parasitized erythrocytes are Imnunogenic.    This 
observation may also help determine if  there  is a requirement 
for metabolizing parasites in the induction of inmunity. 
Quantitative  comparisons between th« Iumunogenicity of 
heated and nonheated parasitized cells will be necessary to 
allow relevant   interpretations. 

Another  hypothesis which can be offered  to account for  the 
requirement  for intact cells concerns  the fate of the damaged 
erythrocyte in vivo.    Whereas minimally damaged erythrocytes 
are sequestered primarily in the spleen, more extensive 
erythrocyte alterations result  in hepatic uptake.    The spleen 
is clearly required for the Induction of resistance by irradiated 
parasitized cells.    Treatments which damage the parasitized 
erythrocyte membrane   (1.  e.   increased  radiation,   fixation, 
pressure  cell)  nwy alter the patterns of sequestration and 
destruction of  the irradiated parasitized cells  in the 
recipient  animal.    This in turn may  greatly effect the ability 
of the host  to  respond adequately  to the challenging Infection. 
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The loss of immunity observed whon splenectomy was 
performed after Immunization coincides with the work of others 
and emphasizes the importance of the spleen in the maintenance 
of Immunity to malarial parasites. 

Although gluteraldehydc fixation is routinely used to 
preserve ultrastructure, it did no! preserve immunogenicity 
of the Irradiated parasitized eryihrocytes.  This finding 
can be interpreted equally well in terms of inactlvation of 
(a) biosynthetic capacity or (b) preformed ant'gen.  It suggests 
that particle size alone is not the crucial factor responsible 
for the immunogenicity of Intact parasitized etythrocytes. 
The significant protective effect observed In one mouse is 
interesting.  Whether it is the results o» specific immunization 
or nonspecific stimulation of indifferent defense mechanisms 
remains no be determined. 

Enhancement of immunity by extension of the prechallenge 
interval is suggested in several of the experiments reported in 
this communication.  This is in concert with reports of D'Antonio 
et al. who deferred challenge until 15 weeks after ndministration 
of antigen. 

The finding that nonlrradlated parasites in the presence 
of sulfadiazi.ie are at least as effective as immunogens as 
irradiated parasites is interesting. Although this treatment 
resulted In 80% survival as compared rfith aporoximately 50% 
in th«1 positive control group, no conclusion regarding 
comparative efficacy can be made. 

The loss in immunogenicity of parasitized cells after lysis 
remains unexplained.  If exoantlgen production proves not 
to be involved, the problem can be thought of in terms of lability 
of antigen rather than in terms of the metabolic capability of 
the parasite.  It Is too early to speculate as to whether such 
lability, if applicable, might  prove to be defined in terms 
of a relationship between organ or cell distribution and 
immunogenicity, protein denaturatlon, autolysls through hydro- 
lytic enzymes, a combination or these connlderations or some 
other as yet unsuspected factor(s). 

3.  The Effect of protective sera on Plasmoidlum berghel in 

immunosuppressed rats. 

The immunity to malaria has been looked at from a number 
of different views.  All components of the immune response 
have been implicated in the immune clearance of malaria.  The 
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protective effect of antibodies has been well  documented, 
while the role  of the retrculoendothelial sysfa:? has also been 
implicated.     The  role  of cellular hypersensltiviiy has been 
implicated  by  studies  on cell  transfer and  neonatal   thymectomy. 
These studies  have not  examined   the  comparative affect of  the 
various  components of  Immunity  In  the  response.     The studies 
with  antibody  alone  cannot  rule  out  an effect  of  cellular 
immunity.     The   studies with cell  transfer  cannot  rule out 
transfer antibody  forming cells. 

The  present  study  is  an attempt  to  explore  in a  comparative 
manner  the humoral V£.   cellular aspects  of  immunity  to malaria 
when  cell-mediated  immunity was  suppressed  using a potent 
inhibitor,   Anti-thymocyte Globulin   (ATG). 

ANIMALS 

Rabbits:     All  anti-sera were produced  in Albino New  Zealand 
Rabbits bred  at   this  institution.     Rats:     used  in studies on 
the course of  infection were Lewis rats  ranging in weight from 
130-170 gms  unless otherwise noted.     Sprague-Rawley rats 
(Walter Reed  Strain) bred at this institution were used for 
in vivo assay of sera and maintenance or malaria parasites. 
All animals were maintained under conditions  promulgated by 
the National  Society for Medical Research.     Malaria Parasites: 
Plasmodium berghei  (NYU-2)  has been maintained serially by 
weekly blooj passage in Walter Reed Strain rats  12-15 days old. 
All smears were  stained with Giemsa Stain.     Parasitemlas wen; 
counted per 10^ erythrocytes unless more than 10X were 
parasitized. 

Preparation of  Anti-sera:    Anti-thymocyte Serum  (ATS) was 
prepared by  two  injections approximately  10'  washed thymocytes 
from Walter Reed Strain rats iitm .slfied in Complete Freund's 
Adjuvant   (CFA)   a week apart.    Starting ten days later,  the 
rabbits were bled by cardiac punctuie biweekly.    At  the end 
of two weeks,   they were exsanguinated.     The sera was separated 
and  stored  at  4  C,   then pooled and stored  at   -20 C.     The  CFA 
is prepared  from Incomplete Freund's Adjuvant   (Difco)  and 
2 mg/ml M.   tuberculosis  H37Ra  (Difco). 

Anti-Macrophage  Serum:     Was prepared by collecting peritoneal 
exudates  from Walter Reed Strain rats 4 days  after intra- 
peritoneal  injection of  light mineral oil,   NF   (Halsey  Drug Co., 
Brooklyn,   New York).     The cells were washed  three tlmeb  in 
Hanks  Basic  Salt  Solution  (HBSS)   and  cultured   in glass  petri 
dishes in Medium 199 enriched with 10% fresh homologous rat 
serum and  1%  Penicillin/Streptomycin   (5,000  units each)   for  3 
days.     The non-adherent  cells were washed off   the HBSS at  37  C. 
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The adherent macrophages   then  remcved wlrh  a  rubber pollcenan, 
washed  once and  emulsified   1P  an equal volume  of  CFA and   Injected 
on the  6ame schedule  in  preparation of  ch». ATS.     The  sera were 
1 ooled  and collected in  the sare manner also 

Normal  Rabbit  Serum:     A group of  rabbits were   immunized  on  the 
sane  schedule as   the above  sera lut With 10 mg of  Bovine  Plasma 
Albumin  emulsified  in CFA. 

HyperImmune "Protective"  Serum:     (HPS).    Two  groups  of   12  Lewis 
Rats were  infected with £.   berghei .     After  the peak parasiteraia, 
the rats were reinfected weekly with large varying doses of 
£.  berghei for 4 months.     Sera were collected by retro-orbital 
venipuncture afler that  time.     The rats «pre reinfected and 
bled  at   Irregular  intervals  after  that .animals were  always bled 
at least  2 weekj after  the most recent reinfection.     A parallel 
group of rats were given an equivalent amount  of normal Walter 
Reed Strain Rat crythrocytes  -"ti the same schedule to  fonr a 
Control  Rat Serum  (CRS). 

Preparation of  the Globulin Fraction:    The globulin fraction 
of the  anticell sei a and control sera were prepared by 
precipitation at 40Z Saturation of Ammonium Sulfate  (Air r.Ut) 
at A C.     Washed with 50% saturated Am SO. dialyzed vs. 
0.0]M phosphate buffer pH 7.2 and concentrated by lyphillzation. 
The powder was redlssolved  ivi distilled water  to give a final 
salt concentratloo of 0.1M phosphate buffer and the sclvtions 
were stored at -20 C.     All preparations were sterilized by passage 
through Millipore filters prior to being given. 

General  Experimental Protocol:    Lewis rats were Injected with  (ATG) 
intraperltoneally in a dose equivalent to approximately 1 ml 
of the original serum on days  -2,  -1 and day zero.    Day zero 
was designsted as the day of infection with malaria  (or sentitlzatlor 
in the  case of other antigens).    Three hours after the  last 
Injection a complete blood count was performed.    One liour after 
this,  the animals were  Infected intraperltoneally with P.   berghei 
Infected rat eryr.>>rocytes.     The AMS was used  in a similar 
protocol except  that the entire dose was given at one  time 
onday zero,  followed three hours later Ly infection with the 
malaria parasitea.    The exact dose of malaria parasites given 
in each experiment varied but was in th«; range of 10^ 
parasitized erythrocytes except when mentioned. 

Assay of  the Antl Szr"'-     In vl'jx Thymocyte agglutination was 
measured by microtitration as toted in Jasin et^ al.    Macrophagc 
cytotoxiclty was measured 'ly evaluation of cell viability after 
incubation tor  30 min at  '''■  C with hea*" inactivated anti-sera 
in frerh guinea pig sera.     The guinea pig sara was  tested and 
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dilur.ed Co a non-toxic level.  Peritoneal macrophages were 
obtained three days after stimulation of rats with sterile 
mineral oil.  The macrophages were washed three times prior 
to use, initial concentration of cells was about 2.5 C 10"/ml. 
Cell viability was measured by trypan blue dye exclusion, 
to an end point of 50% cell death. 

In vivo:  The am ■<■ 1 -.era were given to Walter Reed Strain 
o^-edule listed in the General Experiiuental 

The animals were sensitized with sheep 
At 7 and 14 days after sensitization the 

The ATG 

rats 120-140 gm.- .n 
Protocol noted !); 

erythrocytes (SK. C) 
animals were teetn'.  for hemaßglutinatlng antibody. 
blocked the forroutlon of ant.i-SRBC antibody by an average of 
5 djubllng dilutions.  When compar-.d to animals given NRG, 
animals given the AMG were equal to or slightly higher in 
antibody tlter to SRBC and the skin reaction to DNCB was not 
different from the control animals. 

ATG and AMG were also tested in vitro for their ability to 
block clearance of carbon by the reticulo-endothelial system. 
The protocol used was outlined in the materials and methods 
section above. Three hours after the last injection of 
anti-cell globulin, the rats were injected with colloidal 
carbon intraverously.  Clearance of carbon waa Measured by 
the method of iialparn.  No difference could be detected in 
the clearance rate of control enimais or any of the treatment 
groups. 

The course of F\ berghei malaria in Lewis rats of this age 
and size is a low parasitemia which lapldly becomes subpatent. 
Generally, tv'ere is a peak parasitjmia about the first week 
of about 4-5 percent, which levels off and this drops to very 
low or subpatent levels during the second week.  The effect 
of pretreatment with ATG on days -2, -1 and zeio has the effect 
of causing a minor increase toward the end of the first week 
of infection. This is followed by a short period (3-A daye) 
of a relatively stable level of 8-12X of erythrocytes parasitized. 
During the second week of infection, however, there is a marV.ed 
increase in the parasitemia reaching a mean peak of 30% of the 
cells infected at the time the uninfected group had become 
negative on peripheral smear.  There was no increase in the 
mortality of the animals in this treatment group. However, there 
was a greater anemia in ATG treated animals, on day 18 mean 
hematocrit being 17.5% compared to 44.8% in controls.  Further 
they appeared ill with jaundice, weight loss, ruffled fur and 
decreased activity. None of these features occurred in infected 
rats treated with NRG or in uninfected rats given ATG, but not 
infected with malaria. 
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ATG in vitro and A-MG in vitro 

The ATG and AMG were assayed for activity first using an 
in vitro assay.  Thymocyte agglutination titer as shown in 
Table III wap 1:1024 for ATG, but was 1:32 for AMG, a difference 
of five doubling dilutions.  Conversely, when assayed for 
cytotoxlcity for macrophages, the AMG had a titer of 1:256 while 
the ATG was 1:32.  This shows the AMG had 3 doubling dilutions 
more activity in this system.  Thus, while the in vitro assays 
show that the preparations are not completely specific, they 
are considerably more effective against the cell for which they 
were designed than Is the other preparation. 

It has betn shown that ATG has an effect on macrophages. 
To show that Increased and prolonged parasltenua was not due 
to the effect ot the ATG on macrophages, an AMG was studied in 
a similar system.  As shown in Table III, the ATG almost 
completely su^nrcssed the antibody response to Sheep RBC 
compared to a mean titer of 1:8 compared to NRG. Conversely, 
the AMG as shown caused an Increase in the titer of antibody 
to SRBC to a titer of nearly 1:55. There was an increase 
in mortality with 4/7.  However, the AMG did not cause any 
increase in the level of parasltemia or in mortality.  A third 
group was given a dose of AMG 1/3 as great on the basis of an 
OD280 reacllng. The peak of parasltemia was significantly lower 
in this group than in the controls. The mortality in this 
group was lower only 111  paving died.  Another group which 
was given an amount of AMG equivalent In protein concentration 
to the ATG had approximately the same course of parasltemia 
as the NRG treated group and there was no increased mortality. 
Thus, it appears that when an equivalent amount of activity 
against macrophage Is given, as assayed by in vi^ro techniques, 
there was no Increase in parasltemia nor a prlon0ation of 
course.  It appears that the lower dose may have been somewhat 
protective, however, more work would have to be done to confirm 
this point.  These data suggests that the activity of the ATG 
as used In these experiments (Is not primarily exerting) its 
effect by acting on macrophages.  Further evidence was obtained 
by showing that neither the ATG »»or the AMG was able to alter the 
pattern of carbon clearance in vivo. 

A hyper-immune anti-malarial serum, (Hyperimmune Protective 
Serum) or (HPS) was prepared as noted in the methods section. 
This material was pooled and tested in vivo for its ability to 
suppress an infection with ^P. berghei malaria aj seen in Table IV. 
The HPS war given in doses of 0.25, 0.3, 1.0, olther l.p. or 
i.v. 1 hoar after, 1 X lO*' paraaltes Interper-'.toneally 1 hour 
previously.  The results obtained are shown In Table IV 
where it will be seen that increasing doses of HPS had an 
increasing effect on blocking the parasltemia.  For the first 4 
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TABLE JSL 

Effect of Hyperlramune Serum in Vivo 

Antlsera a Mean Percent: Parasltemla 
Group Number HPS ^ NRS Routftb Day 

2 5 8 

1 6 0     1.0 IP 0.10 .32 1.9 

2 6 1.0   0 IP 0 .16 0.3 

3 6 0.5   0.5 IP .17 1.7 1.5 

4 6 0.25  0.75 IP .08 1.4 1-6 

5 6 1.0   0 iv 0 0,80 0.75 

6 6 0.5   0.5 Iv 0 60 0.58 

a    HPS - Hyperlmmune Rat  Serum; NRS =■ Normal Rat Serum 

b    ip = Intraperitoneal        iv ■ intravenous 
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days after giving the HPS In all the groups there was suppression 
of the parasitemia to some degree.  By the fifth and sixth 
days after treatment, the greatest difference between groups 
could be seen.  By the eighth day all the rats had a significant 
parasitemia greater than 1% to RBC's parasitized in all 
groups, however, the two groups given 1 ml of the serum cleared 
more rapidly.  The groups treated with 1 ml of the HPS either 
intravenously or Intraperitoneally had a lower mewi parasitemia 
than the other treatment groups, but were not very different 
from each other.  It was decided, therefore, to use HPS in 
doses of about 1 ml per animal and to administer it 
Intraperitoneally. 

lo evaluate the relative roles of humoral factors of 
HPS was used in conjunction with the ATG.  The ATG or NRG 
was given as before on day -2, -1, and day zero.  Three hours 
later the rats were infected Intraperitoneally with 4 X 10^ 
P. berghei.  One hour later, half the rats in each group were 
given 1.24 ml of the HPS intraperitoneally.  The rest of the 
rats in the groups were treated with CRS.  The group given 
ATG plus CRS had a course similar to that seen in Che ATG 
treated group in the previous experiment.  There is a slight 
rise over the control parasitemia during the first week 
of the infection, leading to a pronounced rise in the second 
week of the infection.  Those animals, however, that were 
given the HPS had a course which were treated with the NRG 
plus CRS.  On the other hand, those animals which were given 
the NRG plus HPS also had a generally similar couvse. 
Unfortunately there was an increased mortality in both groups 
of ATG treated animals; 2/6 of the animals given ATG/HPS died 
and 3/6 those given ATG/CRS.  However, most of the animals 
died in the first 24 hours and none had a high parasitemia. 
Cross pathology showed they died of massive respiration Infection. 
The experiment was then repeated with the same protocol but 
the animals were given drinking water containing tetracycline 
to suppress the respiratory infection.  To counteract Che 
effect of the tetracycline on P. berghei. the dose of parasites 
given was increased to 2.1 X 10** given i.p. The results 
parallel those seen in the groups not given antibiotic, however, 
the course was much shortened and Che maximum parasitemia was 
reduced markedly. There was, however, no mortality in this 
group. 

The immune response to P^ berghei malaria in rats was 
evaluated in Chis study by altering Che Immune response. 
The effecC of immunosuppresfive agents on the coirse of 
infection was measured by giving anti-ChymocyCe globulin (ATG) 
on the three days prior to infection.  This caused an increase 
in Che parasitemia, the animals became more ill by clinical 
evaluation and their hematocrlt dropped markedly compared 
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TABLE m^ 

Properties of ATG and AMG 

■^r 

in vitro in vivo 

thymocyte 
agglutination 

macrophage 
cytotoxlcity 

Anti SRBC 
at day 11 

ATG 

AMG 

NRG 

i:i024 

1:32 

0 

1:32 

1:256 

0 

1:1.14 

1:43 

1:8 
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to the controls.  Thus, it was seen that Immunosuppresslon 
with a potent agent would cause a prolonged and more severe 
course of malaria in rats.  These results are quite consistent 
with those of Barker and Power in mice and Spira et al. in rats. 

The exact mechanism by which the ATG effects the response 
to malaria was not clear because the antibody is known to have 
several effects on the immune response.  First and most 
prominent is its suppression of cellular immunity.  Second, 
in some Instances it can suppress the ability to produce 
antibody and third, it has been implicated as having antimacrophage 
activity in many cases,  The last effect was examined first.  A 
potent anti-macrophage globulin AMG was prepared against 
peritoneal macrophages.  Tests in vitro showed that it had 
a considerably greater effect against macrophages than did the 
ATG while it had a minimal effect against lymphocytes. 
Jjn vivo studies showed that where the ATG was markedly suppressive 
/.or antibody response to sheep erythrocytes the AMG did not 
lower the antibody level below the controls. Another parameter 
of macrophage function, phagocytosis, was measured in vivo 
carbon clearance.  It was shown that there was no difference 
in the ability of an animal to clear particular colloidal 
carbon after treatment with control globulin or with either 
of the anti-cell sera. 

Further, the AMG was evaluated for its effect on malaria 
infection.  Animals treated with AMG had not only no Increase 
in the level of parasitemla or the severity of clinical 
Illness, but In fact a low dose of AMG seemed to cause a 
slightly lower parasitemla.  This latter effect may have been 
related to a minimal stimulation of the retlculoendothellal 
system due to a submaximal dose.  Thus, it would seem that the 
anti-macrophage activity present in the ARG cannot be implicated 
as the reason for the Increased parasitemla and more severe 
course of malaria seen in immunosuppressed animals. 

An effort was then made to determine the effect of antibody 
in these Inmmnosuppressed animals.  If in the face of severe 
immunosuppresslon, humorial factors would block the rise in 
parasltemlas it would be strong evidence of a predominating role 
for humoral immunity over cellular factors.  A hyperimmune 
protective serum was prepared by frequent reinfection of rats 
with P. berghei.  This material was shown to be a potent but 
t ».«uporary inhibitor to patent parasitemla. This effect was seen 
as marked delay In becoming patent and slower Initial rise of 

parasite over the course of five or six days after treatment s 

with the protective material.  Similar results were shown by { 
Diggs and Osier. The latter authors also show that the effect ' 
was mediated by 73 IgG.  The results of this experiment were 
that the protective serum completely blocked the increased 
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morbidity of a group of imraunosuppressed animals.  The parasltemia 
levels were no greater than controls.  Further, the malaria 
did not persist although there is reason to suspect that the 
animals own defenses were still limited by the ATG.  Unfortunately, 
the first time this was studied there was a high incidence 
of death from intercurrent infection, probably unrelated to the 
ATG induced immunosuppression.  To overcome this last problem, 
this experiment was repeated in animals protected with 
tetracyr' '.ne. 

This was an experiment in minature since £. berghei is 
also affected by the drug.  However, even when the animals 
wc-e given tetracycline on a chronic basis, it was apparent 
that a very similar pattern of parasltemia was seen although 
absolute values are lower.  The pattern of the response to 
ATG and protective serum during the course of malaria is 
quite consistent aad shows that the effect is reproducible 
ftven in the face of an antibiotic treatment. 

It has been apparent that complex mechanisms are involved 
in the immune response to malaria.  Studies to test both cellular 
and humoral factors have bcth seemed to play a role in protection. 
Diggs and Osier showed, by ise of hyperimmune serum, that there 
was a marked decrease in the parasltemia in subjects or animals 
preLreated with the sera.  But other work has shown that the 
protection afforded by antibody Is not complete and that there 
are relapses of parasltjala, which in several cases has been 
shown to be due to antlgenlc variation. 

Other workers have shown the importance of cellular factors 
in this disease.  Stechschulte and Brown found that neonatal 
thymectomy resulted in an increased and more prolonged 
parasltemia.  Stechschulte and Phillips showed that transfer of 
spleen cells was associated with decreased parasltemia and a more 
complete Immunity as evidenced by sterile imnunity in rats 
treated with cells as compared with those protected with serum. 

The data presented here have shown that ATG, a potent 
suppressor of cellular hypersensitlvlty, gives a course similar 
to that seen with neonatal thymectomy.  Barker and Powers and 
Spira et al_.   found similar results on the course of parasltemia 
after imnuno.'-jppression with ATG.  However, there is a disparity 
between these two reports In their assessment of the role of 
antibody.  The former grcup found that there was no recovery 
until they could detect antibody by the fluoreacenated anti- 
body test.  The latter group used a mlcroprecipltation test and 
could detect no difference between the ATG treated and control 
rats, which led them to suggest that non-humoral aspects of tue 
Immune response were predominant.  It has, however, been very 
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difficult to correlate protective antibody with any of the in 
vitro tests for antibody level in malaria.  In the data presented 
in this paper, serum within proven ability to Inhibit paraslted 
in vitro showed that even in animals in which the cellular 
hypersensitivity is suppressed, the animals were able to survive 
and contain the Infection as well as intact animals. This 
suggests that the primary means by which calaria la blocked Is 
by antibody.  The data presented do not rule out a rule of 
cell-mediated factors.  Since ATG strongly affects these factors. 
In the situation of a large complex antigen, it is known that 
the thymus,thus presumably cellular factors, are important 
in production of antibody, the so-called helper cell. Brown 
has suggested that lumunity to malaria might be dominated by 
such thymic helper cells process.  The data In this report are 
compatible with such a hypothesis, but do not specifically 
give information about it.  Posnibly the antibody production 
to malaria may require some cellularly mediated action to start 
formulation while the malaria parasites would succumb to the 
antibody rather than some cytotoxic factor from the cells per se. 

In summary, it would appear that all phases play some 
role In concert to give protection against malaria. Predominant 
in killing the parasite and keeping the infection within 
controllable limits are !.he humoral factors contained in 
protective serum.  However, suupression of the cell mediated 
system as done  with ATG allows the malaria parasite to persist 
at higher levels and for longer periods of time.  Thus, there 
appears to be a combination of cellular factors and humoral 
factors with the latter suppressing the infection after 
sensltization through mechanisms requiring the former. 
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Project.3A663713D829 MALARIA PROPHYLAXIS 

Task 00,  Malaria  Investigations 
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Associate:     CPT J.   S.  Anderson,  VC;  LTC C.   L.  Diggs;  MAJ 
S.  H.   Lourie, MC; SFC E.  Rodriguez;   SP/6 
R.  M.   Weber; B.  T.  Wellde 

1.     The protective effect of African human  Inununoglobulin G 
in Aolus   trivirgatus  infected with Asian Plasmodium falciparum. 

Modification of  the course of mala-ia infections by 
passively  transferred antibody is a famiJ.''.ar phenomenon.    Among 
the most noteworthy contributions are those of Cohen,  et al. 
who clearly demonsti.^t'ed that the IgG fraction of plasma 
collected  in Gambia suppressed falciparum malaria contracted 
locally.     Activity was not observed in control  IgG from plasma 
collected  in   the  United  Kingdom.     Sadun,   et^ al.   also  demonstrated 
the therapeutic effect of human West. African gamma-globulin 
against homologous falciparum malaria,   in this case in 
chimpanzees.     In addition,  it was shown that  the material can 
be used prophylactically.    McGregor,  et^ al.   demonstrated that 
West African gamma-globulin was also effective against East 
African Plasmodium falciparum, suggesting antigenic similarity 
between the geographically distinct lines of  the parasite. 
Sadun,  et_ al.   using the chimpanzee model studied th« effect of 
African globulin on the  Southeast Asian strain of F^.   falciparum. 
Although  they observed a trend toward a lower parasitemla,  the 
results were not considered conclusive.    The present experiments 
were designed  to pursue  the study of the effect of West African 
inununoglobulin on Southeast Asian V_.   falciparum,  using Aotus 
trlvirgatus,   the owl monkey,  as the experimental host. 

The line of P.   falciparum used in these experiments was 
derived from a Malaysian isolate, designated as  the Camp strain, 
which has been serially passaged in Aotus monkeys  for several 
years in this  laboratory.    A history of  this  strain and the course 
of the disease  it produces have been described.    Plasma was 
obtained  from blood collected at the Blood  Bank of  the University 
College Hospital of  the University of  Ibad«n  in Nigeria where 
malaria due  to P^.   falciparum is highly endemic and  from the Blood 
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Bank at   the  Walter  Reed  General  Hospital,  Washington,   D.  C. 
In a pilot  experiment,   control globulin consisted of   Immune 
Serum Globulin,   USP,  obtained commercially.     In all other 
experiments,   control  and  experimental  preparations were 
processed in parallel by the same methods.     Plasma was  clotted 
with calci ;m chloride and the serum collected b> centrifugation. 
Isolation of   IgG was  accomplished on DEAE  cellulose  or  DEAE 
Sephadex by batch methods.    Protein concentrations were 
monitored by  absorbance   it  280 nm.     The  composition  of  serum 
protein preparations was examined by electrophoresis on cellulose 
acetate,   immunoelectrophoreflis and  two-dimensional   Immuno- 
diffusion against a potent anti-whole human serum using wells 
2.5 nm in diameter and  1.5 nm apart.     In addition,   a commercially 
obtained  anti-human  transferrin was  also used.     Examinations 
of  the  preparations   for  immunoglobullns  M and A were  performed 
through  the use of  radial immunodlffusion plates obtained 
commercially.     Standard methods were used  for  determining  the 
toxicity of  IgG preparations for the ten day old chick embryo. 

Physical,   hematological and blood parasitological 
examinations were performed on the Aotus monkeys and only 
apparently healthy animals were chosen for experimental 
use.    The animals varied in weight  from SCO  to 1100 grams. 
Prncedures for malntei.dnce of the monkeys has been described. 
Proteins were administered intraperitoneally on a weight basis 
at the time of challenge by the Intravenous  injection of 1-3 
X 10" parasitized erythrocytes obtained  from a donor monkey. 
Thin blood films were obtained from the monkeys dally  thereafter 
until dealth or until  30 days had elapred.     In spite of the 
efforts  to exclude unhealthy animals from the experiments, 
microfllariae were seen in the blood of  two animals  after the 
e.iperiments were begun.     Since we have noted a decrease in 
susceptibility  to P.   falciparum in animals with filarlasis 
(unpublished observations),  these were excluded from the 
experiment.     Postmortem examinations were performed routinely 
for evidence of  Inapparent disease.     In three  cases  animals 
which died with  low parasitemias were found  to have  intercurrent 
disease;  one animal had massive peritonitis  and two had severe 
bronchopneumonia with  lung abscess.     These animals were also 
excluded from further  consideration. 

In analyzing the data,  trfo parameters were given mr.jor 
consideration;   the prepatent period and  the  survival  time. 
The prepatant period was defined as  the time  required for the 
first positive blood smear after injection of parasites. 
The day of de-ith was  taken as the day  after  the las. blood 
film was obtained,  since In a few cases  the  exact time jr death 
(before or after midnight) was not recorded.     Comparisons 
between groups  of animals on the basis of  these parameters were 

1467 



made by the Mann-Whitney U Test and the 95% confidence level 
was chosen for significance testing. 

The concentration of transfused human IgG in Aotus monkey 
serum was determined through t h use of commercially obtained 
radial immunodiffusion plates. Although some cross reaction 
with a material in Aotus serum (presumably Aotus IgG) was 
evident, this did not interfere with quantitative s timates 
when measureme ts of human IgG were made in the presence and 
i n the absence of monkey serum. 

Passive hemagglutination tests were performed on globulin 
preparations by the method of Wellde, et al. as modified by 
McAlister. 

Experiment 1 

The pilot experiment consisted of observations in two 
monkeys which were inoculated with 1 X 106 parasitized erythrocytes 
and treated with globulin within the hour. The first animal, 
which weighed approximately 1000 grams. was given 200 mg of 
American globulin; the second monkey, which weighed approximately 
800 grams, was given an equal amount of Nigerian globulin which 
had been lyophi lized and stored for six years. The control 
animal became patent on t he third day after injection and succumbed 
to the infec~ ion on day 9. In contrast, the animal which 
received Nigerian globul in did not become patent un · il day 12 
and death was deferred until day 21. Based on this pilot 
trial, it was decided to examine the effect observed in detail. 

Experiment 2 

An experiment was performed in which serum prepar ed from 
plasma of Nigerian or American origin at a dose level of 30 ml 
per kilogram was given to monkeys immediately before chall enge 
with 1 X 106 parasitized erythrocytes per kilogram body weight. 
Control animals became patent 4 to 10 days later whereas the 
experimental ~nkeys became patent on days 13 and 18 regpectively. 
One of the anitnals (#533) which received immune serum exhibited 
a protracted course of parasitemia; on the day before death 
of the last control animal, the parasitem:l.a in this monkey (/1533) 
had risen only to 5%. It increased gradually thereafter to 
17% on the 28th day of infection, then rapidly rose to 31% on 
the 29th day and to 73% on the 30th, the day before death. 
Monkey #531 exhibited an even more dramatic course; although it 
became patent on day 20, the parasitemia remained below 1% until 
day 28 at which time it rose to 2%; the peak parasitemia at 
8% occurred en the 29th day, after which parasites could not be 
detected. The animal is still alive, more than one year after 
infection. 
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Experiment  3 

The  effect  of   isolated  immanoglobulln on  ti.e  course of 
the  infection was   next  studied.     The material  was  obtained by 
the DEAE  cellulose  method  and was  administered   at  a dose  level 
of  200 rag per kilogram body weight.    The  challenge   Infection 
(2 X 10^ parasitized erythrocytes per kilogram)   was given 
approximately one  hour after  the globulin treatment.     Whereas 
one of  the animals  which  received Nigerian  globulin became 
patent on day  3,   the prepatent  period  for the other four 
experimental monkeys varied  from 6  to  10 days;   in  contrast, 
all  control animals  became patent  on  the  third  day  after 
infection.     The   first  death  in   the Nigerian globulin  treated 
group was on day   13  and   the  last on dav  42.     Postmortem 
examination  revealed acuta  renal  cortical necrosis  as   the  cause 
of  death in this  latter case  (Monkey #523).    The etiology 
of  the  renal pathology was  not  clear,  but  it  seems  likely 
that  it was unrelated to  the malaria infection £er_ se. 
The peak parasltemia  in  this  animal was  7%.     A  uniformly 
progressive parasitemia  resulted  in the death  of   the control 
animals  on days   11-14. 

In s^ite of   the  fact  that   the prepatent  period of  only 
one experimental monkey was within the range of   the controls, 
the group difference is not statistically significant at  the 5% 
level.    However,   survival  times were significantly different 
in the American  and Nigerian  IgG groups. 

Since the immunoglobulin preparations used  in experiment 3 
were relatively  impure  (an 8 and 13% beta globulin contaminant 
in the Nigerian  and American gamma-globulin preparations 
respectively by  cellulose acetate electrophoresis) ,  the possibility 
that some material  other  than  IgG was responsible for the 
observed effects  could not be lightly dismissed.     We therefore 
performed an additional experiment using highly  purified IgG 
In an attempt to minimize the possible effects  of contaminating 
materials. 

Experiment 4 

The preparations were  Isolated  from the plesma by  the DEAE 
Sephadex method,   and concentrated to 50 mg per ml.    At  this 
level,  one ot  the preparations   (American globulin)  gave 2 lines 
on Inmmnoelectrophoresls  and  In two-dimenslonel  immunodiffuslor 
againat anti-whole human serum.     On examination with antl-transferrln 
In two dlmenslca.-rl  Immunodif fusion experiments,   a preclpitln line 
could be detected.     When  the  preparation ''as diluted with an equal 
volume of saline   (x.   e.   at 25 mg of protein per ml)  a single line was 
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seen with anti-whole serum and transferrln could no longer be 
detected.  The experimental (Nigerian) IgG preparation revealed 
a single line in immunoelectrophoresls and two-dimensional 
imumnodlrfusion experiments at a concentration of 50 mg per ml, 
and the test for transferrln was negative.  No contamination was 
observed in either preparation by cellulose acetate electrophoresis. 
Immunoelectrophoresls patterns of the proteins are illustrated 
in Fig. 1.  No contaminant can be discerned in either IgG 
preparation in this photograph. 

Hemagglutination tests for antimaianal antibody were 
performed on these preparations.  Whereas the American IgG 
prep ga^e no hemagglutination at a dilution of 1:4, the 
Nigerian IgG preparation was reactive at a 1:512 dilution. 

Both preparations were tested for possible endotoxin 
contamination in chick embryo toxicity tejts; no evidence 
for toxicity was obtained with 1/10 ml volumeL of the 
preparations at a concentration of 5 mg per mi. 

Six monkeys were given the experimental Nigerian IgG 
and three the American preparation; two animals were given 
saline.  IgG was administered at a dose level of 500 mg per 
kilogram body weight.  The animals In the experiment ranged 
In weight from 510 to 760 grams.  The globulin was administered 
Intraperitoneally immediately prior to the intravenous injection 
of 2.5 X 10^ parasitized erythrocytes per kilogram body weight. 
The control animals were patent on the second day aftjr Infection 
and they all were dead by the 13th day of the experiment. 
Whereas one of the experimental monkeys was also patent on day 
2, patency in the other monkeys was delayed; three until day 5, 
one until day 10, and one indefinitely. This latter animal 
had not shown parasites on the 35th day after initiation of 
the experiment.  There v/as a tendency for animals receiving 
American immunoglobulln G to succumb somewhat more slowly 
to the parasltemia than animals receiving saline only.  In 
spite of the fact that there was a delay in onset of disease 
in four of the animals giver Nigerian globulin, patency in 
two of the experimental animals was within the range cf the controls. 
Nevertheless, the e.'periment=»l group was significantly different 
from the controls with respect to both prepatent period and 
survival time. 

Tests on serum taken fron each monkey prior to injection 
of the human IgG or saline were all negative.  It can readily 
be appreciated from these data that whereas high levels of human 
IgG were achieved in monkeys iio.   605, 587, 609 and 614, 
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monkeys No. 579 and 608 had lower serum concentrations of the 
hu n immunoglobulin. Monkeys which were gtven American 
lgG (Nos. 581, 595 and 613) also exhibited high serum IgG 
levels. All sera from onkeys injected with saline w re 
negative. 

These studies demonstrate that human serum collected in 
West Africa, or the globulin fraction of s uch serum, ext nds 
the prepatent period and survi~ 1 tim of Aotus monkeys 
infected with a Mal ysian strain of !· f lciparum. In addition, 
some treated animal survived. In our exp rience, spontaneous 
cure is extremely rare. The result suggest that a degree 
of similarity exists between the protective antigens of th se 
geographically remote train of !· falcip rum. Thi is th 
first convincing evidence, to our knowledge, of protection 
from a line of!· falcipa um by antibody d 'rived from a different 
continent. Th results complement findings of other who have 
found partial immunity to heterologous chall nge in hum ns 
nd Aotus monkeys ctively immun to !· falcip rum. 

The data indicate that the protectiot d monstrat d is 
due to immunoglobulin G antibody. Although the presence 
of s~all amounts of other serum proteins cannot be ruled out, 
there is no reason to suspect that such contamin tion could be 
responsible for the ff cts observ d. S 11 quantities of 
bactertal endotoxins have been shown to induce resistance to 
rodent laria and cnuld, therefore, conceivably be active in 
the pre ent system. However, this is unlikely since no 
toxicity of the prepar tion for tb chick mbryo was detected. 
Most small olecular weight terial (via. drugs) would be 
expected to have been removed by the extensive dialysis which 
was a part of the procedure fo IgG preparation i Experiments 
1, 3 nd 4. 

As observed in most £ltudies of passive serum mediated 
~~unity to malaria, th~ protection demonstrated was only 
transient in most oi ~e animals. It can be speculated that 
parasites with an altered antigenic specificity might have 
e erg d which were no longer reactiv 'ith the passively 
ad inistered antibody. Antigenic variation of this type has 
been convincingly ~emonstrated for !· kn lesi and !· berghei 
inf cttons. Alterna 1vely, it might be considered that even with 
the relatively ma sive doses of protein used, the amount of 
protective antibody was too li ited to destroy al l parasites, 
and that the survivors replicated and ultimately killed the 
majorit.y of the animals. Whether variant or species specific, 
it see likely thst the antigen(s) involved in the protectil;'e 
effects notrd exist in at least two geographically separated 
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strains of iP.   falclparum;  namely,  those responsible  for the 
development of  the antibody  obtained  In Afrlc;   and  In the 
challenge population.     However,   the possibllit^   that  the 
protective effect  is  due  to  antibody elicited  In  response 
to cross  reactive nonplasmodlal antigens cannot be ruled out. 

To  refer  to  the Camp  strain  in Aoti s monkeys  L.S  an Asian 
strain  of P.   falclparum is  perhaps presumptive,  since by now 
a more  accurate description might be "laboratory stialn." 
The  "Asian" designation  is  used only to indicate origin and 
not  necessarily a similarity between the laboratory  line 
and  parasites  to be  found   in  the human population  in  Southeast 
Asia.     The actual  relationship between  the antlgenic  structure 
of   the  parasites  studied  In  these experiments  and human  pathogens 
can only be speculated upon.     However,   It  Is  remarkable.   In 
our view,  that  this laboratory parasite is sufficiently  related 
to   the  pathogens  in West Africa  to allow the  effects  noCed. 
Our results give more credence  to the possibility  that 
widespread geographic strain similarities may occur. 

The examinations of  the Aotus monkey sera for human  IgG 
were  Informative.     These determinations offer ar  explanation 
for the failure of the antibody  treatment to protect  certain 
individual monkeys;   1.  e.  high  IgG levels were either not 
achieved or were only  transient  in these animals.    Whether 
these differences are due  to  technical  factors or to 
peculiarities of the response of the Individual animals  to 
the foreign protein has not been determined. 

The question of  the quantitative relationship betwean 
the  "cross protection" demonstrated In this Investigation 
and  "homologous protection"  Is  an Important aspect of humora] 
immunity in P.   falclparum Infections which has not yet been 
approached.     It would be Important  to learn whether or not   the 
protection observed la inferior to homologous protection. 
Attempts are being made to obtain the necessary materials  to 
make such trials  feasible. 

2.     The effect of Plasmodlum berghel on  the  Immune response   In rats. 

This study was designed  to examine  the effect of malaria 
on some of the parameters of  the  Immune response.     Although much 
effort has gone Into examining the effect of the Immune  response 
on malaria infection,  little work has been done on what  the 
lnfectlon dose  to the host's ability to respond to other antigens. 
Malaria  is a potent  "Inmunogen" and prolonged exposure lc>ads   to 
elevated levels of Imnunoglobullns.    Antibodies  to malaria  ire 
found  In high tlters and "aSnormal" antibodies are also seen. 
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In chronic P. malaria deposition of antigen-antibody compl xes 
may lead to-a nephrotic syndrom . Studies in mice on the effect 
of malaria infection on immunoglobulin production in intact 
germ free mice have shown an increas d amoun of immunoglo;ulin 
being formed. Studie by Barker showed that in unsensitized 
mice there was an cn.ancement of anti-sheep c 11 antibodies as 
measured by the Jerne plaque techniqu • It has be n suggested 
that in rtain more compl x systems that malaria infection 
has a s uppressive effect on the ability of the host to respotad. 
Studies with several murine leukemias suggest that th animals 
succumb to the leukemia at a much earli r time when they have 
been infected with f.· bergh i yoelli. Conversely in a disease 
which is the result or immune complex deposition nephritis, 
nam ly NZB mice, Greenwood and Greenwood note that although 
t~e animals continued to have the r basic underlying disease 
they no longer succumbed to ch oni glom rulonephritis when 
infected ~ith malar!&. In nother t udy , it was suggested that 
this effect might be mediated through suppression of the delayed 
hyp rsensitivity mechanism in that adjuvant arthritis was 
suppressed in rats tr ated with malaria. The following studies 
were designed to det~rmine the mecha ism of these effects on 
the i une response and whether they could be documented in rats. 

Animals: Lew1s strain female ots 100-130 gms. were used in 
all of these xperiment • Rats were divided into groups 
according to a set of random n her . Spr gue-Dawley rats 
o the Walter Reed sub train main~ ained in this institu ion's 
own breeding col0ny ere u ed for maintenance of malaria 
parasites. All animals were maintained under conditions 
meeting th standards promulg ted by th National Society 
for Medical Re arch. 

Mal ria parasites: P. berghei (NYU-2) maintained by we kly 
passage in 12-15 day old Sprague-Dawley rats by intraperitoneal 
blood infection. All experimental ani a s were 1nf cted 
intraperitoneally with 2 X 107 mal ri i utected erythrocytes 
in Alsever's Solution. Parasitemia& were counted in thin 
smears with Giemsa Stain; 1000 erythrocytes were counted unless 
there was more than 10% parasitenia. At various intervals, 
mice were subinoculat d wit~ 1 ml of blr~d from the study 
animal • 

Sensitizations: 0.2 ml of sheep erythrocyte• (1 X 107/ml) washed 
three time4 in norm~! saline, were injected intraperitoneally. 
Adjuvant arthritis was produ ed in the rats by injection of 0.1 
ml Complete Freund's Adjuvant (CFA) made of Incomplete Freund's 
Adjuvant (Difco) with 0.6 mg of M. tuberculosis (H37Ra)/m1, 
subcutaneously at the base of the tail. Degree of arthritis 
was measured by estimating a joint score, based on 0-2 small 
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joints and 0-4 large joints according to the method of Currey 
and Ziff (1968). Scores were plotted for each animal and the 
area under the curve measured with a planimeter. The area w s 
used in all calculations of means and statistical ev luations. 
Samples were collected from the retro-orbital plexus under ether 
anesthesia. 

Anti-sheep cell antibodies w re measured by a microagglutination 
technique in the presence or absence of 2-mercaptoethanol to 
estimate both 195 and 7S antibody against she p cells as 
described previously (Jasin ~ al., 1968). Skin sensitivity 
to tuberculin was measured by intracutaneous injection of 0.2 ml 
of Purified Protein Derivating (PPD) (50 ugm/ml) in 0.2 ml 
Hanks Basic Salt Solution (RBSS). Induration was read .i.n two 
diameters at 24, 48 a d 72 hours. The product of the two diameters 
was recorded and used in the tabulations. Inflammatory stimulus 
was assessed in animals pretreated with 0.1 ml Dinitrochlorobenzene 
(BNCB) in acetone applied on the s haved abdomen. Two w eks later 
a test dose of 0.1 ml of 1%, 0.5% and 0.25% DNCB in acetone was 
applied to separate sites on the shav~d backs of rats. Reactions 
were gr ded as 0.5•er. thema, l.O•induration, 2.0-marked induration 
and 3.0•necrosis. Res1lts wer tabulated by adding all positive 
scores for each animal. Evaluat i on was by rank ordering with 
Mann-Whitney U Test 

The first a eriment was to determine the effect of malaria 
infection on the antibody response to sheep Prythrocytes (SRBC). 
One hour after giving SRBC, half th rats ere infected intra
peritoneally with !· berghe~ parasitized erythrocytes. On 
the four t h day after injection, the rats wer further subdivided 
into four groups, one group with malaria and one control group, 
were treated with 320 mg/Kg Sulfalene subcutaneously in Peanut 
Oil. This dose is known to be highly effective in killing P. 
berghei in mice. Two similar groups were given Peanut Oil 8Ione. 
As shown in Table I, there is no difference in the anti-SRBC 
betwe ~ any of the sensitized groups. This was true for both 
2-mer~aptoetha.~ sensitive and res!stant antibody. There was 
no appreciable c ange in the ratio of the two types of anti~ody 
as well. 

The next set of experiments were designed to study the 
effect of malaria infection on an inflammatory response. 
Dinitrochlorp6enzene (DNCB) was used to cause the inflammation. 
In e eriment 2, the malaria was given simultaneously with or 
prior to DNCB stimulation. In groups 1 and 2, the DNCB was 
initially given on day 0. Groups 3 and 4 were given the DNCB 
on day 14 after the infection and groups 5 and 6 wure first 
given the DNCB on the 28th day after infection. Each was 
~~sted 14 days after their initial dose. The initial reaction to 
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TABLE  I 

Reciprocal  geometric mean   ticer  of anti-SRBC by mlcroagglutlnation  on 
day 7 and 14 before and after  treatment with 2-nercaptoethanol   (2ME) 

Treatment Bi'fore  ÜME 
Day 5 PszJ. Group Day 0 

1 P.  b-rghei Sulfalene in oil    115.9 

2 P.  berghel Oil only 64 

3 Kornal RBC Sulfalena in oil      76.1 

4 Norral RBC Oil only 105 

ME Atter 
Day  7 

2'1E 
Day 14 Day  14 

52.5 11.3 3.3 

37.3 5.6 3.4 

29.9 5.2 3.1 

29.3 5.1 3.7 
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10% DNCB was severe in all animals and uo attempt was made to 
quantitate them.    The reaction to 1%,  0.5%, and 0.25% DNCB 
were quantltated as noted in the laethuds section.     In Table  IIA 
are the results when DNCB was given after  infection with malaria. 
There was no significaiit difference between treatment  groups. 

In experiment  3,  the effect on response to DNCB given before 
was studied.     The results are shwon in Table IIB.    All  animals 
were exposed to DNCB on day  zero.     Group  1  is a control which 
was not  infected.    Groups  2 and  3 were  infected 4 and 8 days  after 
DNCB,   respectively.    Although  in groups 2  and 3 there  Is  a 
slightly lower mean value for inflammation.  It is not significant 
statistically. 

The effect of malaria Infection on cellular hypersensitlvity 
was studied next.    The effect on adjuvant arthritis and  tuberculin 
sensitivity were measured at various times  in relationship 
to infection.    Adjuvant arthritis is induced by injeccing 
Complete  Freund's Adjuvant   (CFA)  and approximately 11 days  later 
the  rats develop a severe polyarthritis,  balanitis,  conjunctivitis, 
and wasting.     The same group of  rats used  in experiment  3 were 
given CFA 34 days after the  initial exposure to DNCB and  10 
days after  the  last  testing with DNCB.     This corresponds  to 
day 26 and day 30 after infection with malaria in the respective 
groups.     All  the animals were negative on smear for parasites 
at  that  time,  but most were still positive by mouse subinoculation. 
There was considerable variation In the arthritis within each 
group and neither of tha two infected groups was statistically 
different  from the control.     The figures are relatively unchanged 
if  the animals, which were not  positive on subinoculation are 
deleted.     Tuberculin reactions were also measured in these 
animals  6 and  15 days after CFA.     Tha results are shown on 
Table  III.     On neither occasion  there was a difference in  the 
response  to PPD in the three  treatment  groups. 

The effect of giving  the CFA simultaneously with or at 
closer intervals after the malaria infection were tested  in 
Experiment 4.     Here the animals were In paired groups.    One of 
each pair was  infected on day zero and/or the other given 
normal rat erythrocytes.    Groups of rats were run in parallel 
pairs because of the variability of batches of CFA to produce 
arthritis.     Groups 1,  3 and 5 were Infected, while 2, 4 and 6 
were not.     Groups 1 and 2 were given CFA on day zero, groups 3 
and 4 on day 11 and groups 5 and 6 on day 22. 

As seen before,  although there Is 
considerable intragroup variation,   this  is not statistically 
significant nor was there consistent patterns of increased or 
decreased arthritis.    The tuberculin reaction was measured on a 
number of occasions starting on day 14 and again showed no 
difference  in  the treatment groups. 
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In Experiment 5 the CFA was given first  and the malaria 
subsequently.     In this study rats weia  first  divided into 
groups,   then given CFA by groups,  and  finally  they were 
infected with malaria 4,  7,  11,  or  1A days  later.    One  control 
was not  infected but served as negative control  for the repeated 
tuberculin  testing. 

When the animals are infected after the CFA was given, but 
before  the onset  of arthritis,   there was a marked increase in 
the total  joint  disease.    This increase was  less dramatic but 
still evident when the malaria was  given just about the Lime 
the arthritis  developed.     The difference from the control was 
statistically significant for the animals infecttü 7 days after 
giving CFA.     The joint score was not  statistically greater when 
the infection was  at the time or after  the onset of the arciirltis. 
The tuberculin response had a Llnllar ratter.-  although not 
as striking and only statistically significant 
in  the  groups   treated on day  4  after  CFA. 

The  results  of the last experiment weie  repeated in experiment 
5 using larger  groups of animals.     In  thi?  study  the animals 
were given CFA before being sorted  intc   groups,   to reduce an; 
bias which might  be  introduced by   inje .ting by  groups.     The 
rats were   then  divided  into  3 groups  of   15,   however,  one  animal 
died of  anesthesia  in group  3 and was   not   iacluded.    All 
animals were  given CFA on day  zero  as  before.     Group 1  was 
infected with  malaria on  the  lAth day  after  CFA and group  2 
infected  on  the   11th day.     Group  3 was  not   infected.     Parasitemias 
are  approximately  the same  In  the  two   infected  groups.     There 
again was  a significant  increase  in  the  amount  of arthritis 
when  there has  been  infection with  malaria       This  difference 
was  statistically  significant  at  P  <  0.01 by  Student's  t.   test. 
In  this  experiment,   animals  infected  as   lau   as   11  Jays  after 
sensitizatlons  with CFA had  a significant   increase  in  the 
amount of arthritis. 

Infection with malaria parasites   Is  a potent  stimulator 
of  the   immune  responses.     High   levels   of   imraunoglobullns  are 
found,   and  as well,   there  are  high   tl.ters  of  antibody  to  the 
parasite.     It  could be expected   that   much a  potent   Immunogen 
might  have  an  effect on  the  Immune   response.     Chronic  infection 
in malaria has  been  associated   In mar  with  "abnormal" antibodies, 
such  as  biological  false  positive   test   for  syphilis.    Also  seen 
may  be   immunologically mediated   renal   lesion  leading  to  a 
nephrotlc  syndrome. 

An  effect   on   the  Immune  response   can  be   invoked  as  the 
mechanism  for  a  number of  phenomena  seen   in  malaria  Infected 
animals.     Salaman  et  al.   noted  a  sharp  decline   In  the production 
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of anti-sheep erythrocyte plagues  In animals.     A plot of the number 
of antibody forming cells was almost  the mirror Image of the 
parasltemla curve.     Barker had similar results also using SRBC. 
Further studies by Salaman and Wedderburn showed  that mice 
infected with any of several leukemlas would die more rapidly 
f  Infected with P.   berghel yoelli.     Greenwood suggested that 

cettaln human diseases known to have a strong Immunological 
component have a lower incidence in Mgerls,  an area holoendsmlc 
for P_.   falclparum.     He then studied  the response  LO adjuvant 
disease,   a disease mediated by cellular hypersensitivity, 
where he  found a decrease in the  level of arthritis, and also 
he studied NZB mice,  thought to be a model for Systemic Lupus 
Erythematosus.     The malaria infected mice had  a much prolonged 
course and although they had a Coomb's  antibody and hemolytlc 
anemia did not get glomerulonephritls.     Tl.is has been recently 
confirmed by Welton. 

Other studies have shown that  germ  free mice have a more 
striking   increase  in  IgG when  infected with  plasmodla.     Barker 
showed  that in unsensitized mice there is a marked incvease in 
the  baseline  SRBC plague forming cells  after malaria and  that 
under   the  appropriate  conditions  saw  an  increase  in sjieen 
cells  producing antibody to bacteriophage after sens'.tizatlon 
during malaria  infection.    The difference between  this  study 
and  those  using  SRBC as an antigen   is   the way   It   is processed. 

In  this paper,   the effect of plasmodlum infection on the 
immune response in rats was studied by several methods.    Anti- 
body  formation  to SRBC was measured after  infection with P. 
bethhei  by microagglutination.     Both  the mercaptoenthanol 
sensitive and resistant antibody were measured,   giving an 
estimation of  19G and  78 immunoglobulins.     No difference was 
detectable between the infected and  the control  for both 7S 
and  19S antibody.     Nor was there any apparent difference 
whether  the malaria was treated or not.     These  results are 
parallel  to those of Greenwood let al^.   in mice,  although 
different   from thit of Salaman et^ al.   and Barker.    The reason 
for  the different  results is due to  the differences in measuring 
the antibody.     The earlier workers used  the plague formation 
assay which measures  the ability to make antibody at a given point 
in  time.     The microagglutination method used here tends to 
average  these periods and gives an  Impression of ability to make 
antibody over a course of time.     Thus,  while  the more specific 
tef.t shows short-lived depressions of  the ability to make an 
antibody   the overall  production  is  unchanged. 
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In   the  next   series of experiments   a more  complex reaction 
to DNCB,   was  measured.     This  agent   is  a  highly  potent  contact 
sensitizing  reagent,   however,   in  the doses  used  in  this experiment, 
0.25%  to  1%   the  principle  reaction  is   inflammatory  and  the 
predominant   cell  seen  in  the  lesion  is  polymorphonuclear cell. 
Very  few  lymphocytes were  seen and  collections  of   lymphoctyes 
are  rare.     Vhen  the  DNCB was  given  either  before or  after  Che 
malaria  infection,   there was no apparent   difference between control 
and  infected  animals. 

Then  a  study was  made of systems  which  function  largely 
through  cellular  hypersensitivity.     This   is  a  system  in which 
arthritis   is   induced  in  rats by  injecting  Complete  Freund's 
Adjuvant   subcutaneously.     The polyarthritis,  which develops 
about   11   to   12 days  later,   is  apparently  mediated by  a  cellular 
hypersensitivity  reaction  to  tuberculin.     When  the CFA was  given 
a considerable  time  after  the  infection  and when  the malaria 
was  subpatent  although not  cured,   there  was  a non-consistent 
pattern  in   the arthritis   response.     One   group was  above and 
the other  below  the  mean joint  scores  of   the  controls  but  neither 
was  statistically  different.     In  the  groups  given  CFA simultaneously 
with,   or  only  a  few  days   later,  P_.   Lerghei  also  showed  no 
significant   difference  from  the  control   animals. 

However,  when   the  CFA was  given before   infection with malaria, 
a  rather  unexpected   result was obtained.      If  the malaria was 
given  after  CFA but  before onset of   the  arthritis,   there was  a 
remarkable   increase   in  the amount of   the  arthritis.     Since 
adjuvant   arthritis   is  variable,  as  noted   before,   this   result 
was  confirmed  using  a  larger number of  animals  and making 
greater  efforts   to  eliminate bias.     Again,   the  same   result 
was obtained,   that   is,   increased arthritis   in  wilmals   Infected 
before  the  onset  of  arthritis. 

By  contrast,   there was  no difference  between   the   infected 
animals  and   control with  respect   to  tuberculin  sensitivity. 
Reaction  of   the  adjuvant  arthritis  but   not   the   tuberculin 
reaction  may  be explained   in a  couple  of  different ways. 
Arthritis  may  be  a more  sensitive   indicator  of  cellular 
hypersensitivity  in  the  rat or  It may  reflect  pathways   that 
are not   involved  in  delayed hypersensitivity.     Neither  of  these 
possibilities  can  be  excluded.     However,   there   Is  evidence  that 
the arthrit.'s  has  an   inflammatory  component  which  can  be 
separately  suppressed.     It   is  possible   that  certain  stimuli 
which enhance  the   retlculo-endothelial   system   (RES)   at   critical 
times  will   Increase  adjuvant   arthritis,   since  a  similar 
enhancement   can be-  seen with  the  Fab   fragment  ot   ATG,  which   'Is 
not  immunosuppressive,  but  causes  stimulation of   lymphocytes 
in vitro.     More work   is  planned on  the  study  of   this  phenomenon. 
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Pr ject 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malari · Investigations 

Work Unit 132 Clinical studies of human malaria 

Investig.::tors. 
Principal: LTC Craig J. Canfield, MC 
Associate: LTC Anthony P. Hall, MC 

Description. 

The objective of this work unit is to assess the clinical state and 
therapeutic respons of patien s to acute falciparum and vivax malaria, 
provide surveillance for toxicity and efficacy testing of new anti
malarial agents by contractors, provide expert consultntion on treat
ment of resistant f al iparum infection , and secure new strains of 
malaria for introdu ti n into the volunteer test program. In addition, 
the various aspects of the pathophysiology of th disease have been 
studied. 

Progress. 

Admissions to Walt r Reed General Hospital for acute or recrudesc nt 
malaria have virtually ceased. Recrudescent falciparum malaria has 
been treated with the jnvestigational drugs, WR 33063 and WR 30090. 
Thus far, a total of 13 patients were treated with WR 33063 and 7 with 
WR 30090. All patients responded to therapy and were cured. The 
results of these studies and the field trial in Vietnam with these 
agents are Leing prepar d for publication. 

A prospective study of the treataent of recrudescent fal
c i pa rum malaria in Vietnam with intravenous quinine and oral pyri
methamine and sulfisoxazole showed an 80% cure rate compared with a 
33% cure rate fur standard oral quinine, pyrtaethaaine, and sulisox
azole. The results of these studies have been accepted for publication. 

A subsequen study of coaparative blood levels achieved with 
oral or intravenous qJinine showed &ignificantly higher blood levels 
with intravenous quinine despite a 10% lower dose. These results were 
presented and have been published in abstract fora.l 

A atudy of the ethnic difference in susceptibility to falcip
arum malaria and subs quent recrudescence rates has been coapleted. 
Black Aaericans in Viet1 u were less likely to develop acute falciparua 
aalaria and if they did beca.e infected, they were .are likely to be 
cured with a single course of ther8py. These studies were presented at 
the annual aeeting of the A8erican Society f Tropical Medicine and 
Hygiene and have been accepted for publication. 
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Task 00 Malaria Investigations 

Work Unit 132 Clinical studies of human malaria 
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To define ~tabolic pathways in aalarial para ite . 
by he•ic 1, phy ical and morphologic ~an the sub 
paras ites. 

To i ~ olate, purify and 
ll ular o-ronent of th 

24. (U) Biophy i al, biochemica l and aorph logic techni ~ues ar employed. 

25 . (U) 71 7-72 Ot> pap r, Ri o oac of the malarial paras it , Plas11odium knowlesi . 
I. I olation, a tlvity and cdiaentation ve l ocity was publi hed in the Journal of 
C0111pa rative Biocheai s try nd Phy iology . rhre paper dealing with lipid IICtabolhm 
P. lnowle i were published in the Journal f Coaparati e Bioche•istry and Phy ~ology. 
In collaboration with the Divi ion of Co..unicable Disea ses and l..unology, a paper, 
ExperiMental infection with Plasaodiua falciparua in Aotu .ank ys. II. Obs rvations 
on ho t pathology, was publi shed. 
Due to the departure of two invest i gators fro• this depar~aent, activity of the work 
unit 135 has been di continued because of the lack of investigators capable of con
ducting thi type of research. The s tudy of lipid aetabolis• in plasmodia is being 
c rried out by r. Rokus A. deZeeuw through an extraaural research. 
For technical reports, see Walter Reed Army Institute of Research Annual Progress 
Repor , 1 Jul 71 - lO .June 72. 



Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 1alaria Investigations 

Work Unit 135 Experimenta pathology and metabolism of pia mo<Ha 
Mal · r ia 

lnves tigators. 
Principal: Akio Takeuchi, M. D. 
Associate: llelen R. Jervis, Dr. Nat. Sc. 

Problem 

To define the hiosynthesis and 11etabolic pathway of lipid and 
phospholipid, one of the .est i~ortant cell constituents of plasmodia. 

Background 

Earlier fine structural studies on various types of plasmodia 
deaonstrated that cell walls and cytoplasm~c me~ranes were rapidly 
synthesized and transforaed (1,2,3,4). It was, therefore, postulated 
that the kinetics of phospholipid and lipid metabolism could ~e 
parallel to the ~~rane iosynthesis. In order to docu.ent this 
hypothesis, a series of investigations were initiated; the first step 
was isolation and fra\: ionatio1. of plasiiOdia which was solved with 
two years concentrated effort (4). With this new method, ribosomes 
of •alarial parasites were successfully analyzed for the first 
tille (5). 

In subsequent investigations, the quar.titative analysis of 
s 11 sa.ples of purified parasite lipid was successfully acco~lished. 
This work was conducted with the assistance of Rokus A. deZeeuw, Analy
tical Cheldst, State University, Groningen, Netherland, and his 
professor, Van Deenen, world expert on lipid research. 

Approach to the t'rob le• 

To analyze the kinetics of phospholipids and lipids of isolated 
plas•odia by a co~ination of analytic che•ical and bioche•ical 
.ethods. 

Results and Discussion 

Three papers dealin& with lipid and phospholipid .etabolis• in 
aalarial parasites have been published. Because two investi&ators 
departed this department, the research activities of .etabolis• of 
.. larial parasites had to stop due to lack of investi&ators capable 
of conductin& this type of research in the Division of Patholoay. 
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1. The first paper entitled "Lipid composition of Plasmodi urn 
knowlesi membranes: Comparison of parasites and microsomal sub
fractions· with host erythrocyte meni>ranes" describes: 

a. PlasiiOdium knowles '. has signific.mtly more phospho
lipid and less cholesterol (phospholipid: cholesterol ratio • S: 2) 
than the host erythrocyte membranes of the Rh sus monkey (phospho
lipid: chole:aerol ratio = 2: b). 

b. Although both parasite and host red cell have the 
sa~ major phospholipid components (phosphatidylcholine and phos
phatidylethanolamine), other phospholipids differ significantly. 

c. The red cell contain~ 12-14\ sphingomrelin and 12\ 
phosphatidylserine, wherea the parasite contains only 2-3\ 
sphingomyelin, 8-10\ phosphatidylinositol, and barely detectable 
levels of phosphatidylserine. 

2. The second paper, "Incorporation ot 33P- orthophosphate 
into m~!llbrane phospholipids of PlasiiOdium knowles· and host cry-· 
thro~ytes of Macaca ~a~latta," describes: 

a. Incorporation of 33P- orthophosphate into membrane 
phospholipids is eight to t~nfold higher in Plasmodium knowlcsi 
than in its host erythrocyte, using an in vitro system of short 
term incubation. 

b. In the aalarial parasite, 33p activity is found pri~arily 
in the three major phospholipid classes, phosphatidylcholine, phos
pha idylinositol and phosphatidylethanolamine, although the highest 
sp ific activities occur in two minor phospholipid classes, phos
phatidic acid and pho<lphatidylglycerol. Uost erythrocytes, in con
trast, incorporate significant a.ounts of 33p into one type of a 
phospholipid, phosphatidic acid, thus resembling erythrocytes of 
other mammalian species. 

c. The dependency of parasit 33P-phospholipid incorporation 
upon host eryt hrocyte glycolysis is suggested by the effects of 
various metabolic substrates and inhibitors. 

3. In the third paper, "Incorporation of 14c-labelled fatty 
acids into lipids of rhesus erythrocytes and Plasmodium k:1owlesi 
in vitro," the following result was obtained: 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malaria Investigations 

Work Unit 135 Experimental pathology and metabolism of plasmodia 
Malaria 

Investigators. 
Principal: Akio Takeuchi, M. D. 
Associate: Helen R. Jervis, Dr. Nat. Sc. 

Problem 

To Jefine the biosynthesis and metabolic pathway of lipid and 
phospholipid, one of the most important cell constituents of plasmodia. 

B,ackaroWld 

Earlier fine structural studies on various types of plasmodia 
demonstrated that cell walls and cytoplasmic membranes were rapidly 
synthesized and transformed (1,2,3,4). It was, therefore, postulated 
that the kinetics of phospholipid and lipid metabolism could be 
parallel to the me~rane biosynthesis. In order to document this 
hypothesis, a series of investigations were initiated; the first step 
was isolation and fractionation of plasmodia which was solved with 
t~~ years concentrated effort (4). With this new method, ribosomes 
of malarial parasites were successfully analyzed for the first 
tills (5) . 

In subsequent investigations, the quantitative analysis of 
small sample~ of purified parasite lipid was successfully accomplished. 
This work was conducted with the assistance of Rokus A. deZeeuw, Analy
tical Cheadst, State University, Groningen, Netherland, and his 
professor, Van Deenen, world expert on lipid research. 

Approach to the Prob le• 

To analyze the kinetics of phospholipids and lipids of isolated 
plas.adia by a co~ination of analytic che•ical and biochemical 
11ethods. 

Results and Discussion 

Three papers dealing with lipid and phospholipid 11etabolism in 
aalarial parasites have been published. Because two investigators 
departed this depart~~ent, the research activities of 11etaboli~m of 
aalarial parasites had to stop due to lack of investigators capable 
of conducting this type of research in the Division of Pathology. 
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1. The first paper entitled "Lipid composition of Plasmodium 
knowlesi membranes: Comparison of parasites and microsomal sub
fractions with host erythrocyte membranes" describes: . 

a. Plasmodium knowlesi has significantly more phospho
lipid and less cholesterol (phospholipid: cholesterol ratio = 5:2) 
than the host erythrocyte membranes of the Rhesus monkey (phospho
lipid: cholesterol ratio= 2:15). 

b. Although both parasite and host red cell have the 
same major phospholipid components (phosphatidylcholine and phos
phatidylethanolamine), other phospholipids differ significantly. 

c. The red cell contains 12-14\ sphingomyelin and 12\ 
phosphatidylserine, whereas the parasite contains only 2-3\ 
sphingomyelin, 8-10% phosphatidylinositol, and barely det ctable 
levels of phosphatidylserine. 

2. The second paper, "lncnrporation of 33P-orthophosphate 
into membrane phospholipids of Plasmodium knowlesi and host ery
throcytes of Macaca mulatta," describes: 

a. Incorporation of 33P-orthophosphate into membrane 
phospholipids is eight to tenfold higher in Plasmodium knowlesi 
than in its host erythrocyte, using an in vitro system of short 
term incubation. 

b. In the malar1al parasite, 33p activity is found primarily 
in the three najor phospholipid classes, phosphatidylcholine, phos
phatidylir.osi.tol and phosphatidylethanolamine, although the highest 
specific activities occur in two minor phospholipid classes, phos
phatidic acid and phosphatidylglycerol. Host erythrocytes, in con
trast, incorporate significant amounts of 33p into one type of a 
phospholipid, phosphatidic acid, thus resembling erythrocytes of 
other mammalian species. 

c. The dependency of parasite 33P-phospholipid incorporation 
upon host erythrocyte glycoly~is is suggested by the effects of 
various metabolic substrate ~ and inhibitors. 

3. In the third paper, "Incorporation of 14c-labelled fatty 
acids into lipids of rhesus erythrocytes and Plasmodium knowlesi 
in vitro," the follo;dng result was obtained: 
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a. Plasmoduun knowlesi.   rapidly incorporates  large amounts 
of 14(> lahgiie,; fatty acids  from medium during a two-hour in vitro 
incubation,  at  levels ten to twelve times that of host erythrocyte 
membranes  incubated under the same  conditions. 

b. In both the parasite and its host erythrocyte,  80-90% 
of the  incorporated fatty acids  appear in phospholipids. 

c. The rapid incorporation of exogenous performed fatty 
acids  into complex lipids of the parasite,  together with prior 
evidence of minimal de novo biosynthesis  of fatty acids by the 
parasite,   is  consistent with the interpretation that  the malarial 
parasite depends  largely upon its host as  a source of fatty acids. 

In  addition,   a study on experiment;'! Plasmodium falciparum 
infections  in the owl monkey was published in collaboration with 
DCD61   (Jervis et al  1972). 

Conclusion and Recommendation 

Due to the departure of two  investigators  from this department, 
activities  of work unit   135 have discontinued because of the  lack 
of investigators  capable of conducting this type of research in the 
Division of Pathology.    The study of lipid metabolism in plasmodia 
is  currently being conducted by Dr.   Rokus  A.   duZeeuw through extra- 
mural   resjarch. 

^ 
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23. (L)       Document  metabolic   alterations  of  human  and  red animal   red blood  cells uhen 
infected with malaria parasites  and to  assess   the  effect   of  antimalnrial  drugs  on  these 
alterations   in order  to develop new drugs  effective  against   resistant   falciparum 
malaria. 

24. (U) Measure the effect of aiUlmalarlal drugs on morpholoßlc growth, 14-C adenosine 
14-C methionlne or 14-C orotlc acid incorporation during in vitro schljogony and observe 
utilliatlon  of metabolic precursors of nucleic  acids;   to measure   follc  avid  reductase 
in  parasite  suspensions. 

25. (U) 71 07 - 72 06 I 
a screening proctdure 

demonstration of drug po 
tides are being screened 

Using inlilbltlon of 
antlfollc acid activity, 
quinine with chloroquln 
acid have additive effec 
of sulfalene with trlmet 
tive. The results have 
experience in vivo. For 
Annual   Hrngress   Report, 

n vitro cu.'turc     of  P.   knowle 
for  antlmnUrlal   activity  an 

tentlatlon.     Analogs  of  purln 
and  many of  these  compounds 
14-C  orotlc acid  Incorpcratl 
drug syrergism studies   have 

and with  pyrlmeth.imlne  and  tr 
ts   in   this system.     PoteuK.. 
hoprlm and with  ai  effective 
corresponded  ii   those  experte 
technical   rep   .',  see Walter 

1  Ji.l   71   -  30  Ju,    72. 

si   parasites  has  continued,  botli 
d  as  an  invesiig^ror/ method   for 
e  bases,   nucleosides   md nucleo- 
are effective   In  this  system, 
on   In^n  DNA  as  a parameter  for 
shown   that   combinations of 
imethoprlm with  5-f 1 uoro irot 1 c 
liu Mas  been  shown by  combinations 
antimalarlal   qulnazdline  derlva- 
d  on  the basis  of theory and 
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Project.1A6f)3713D829    MALARIA PROPHYLAXIS 

Task 00    Malaria   Investigations 

Work Unit   136    Metabolic  and  enzymatic   studies  of  normal  and 
malaria   infected   red cells 

InvestIgators. 
Principal:       COL  Craig J.   Canfield,  MC 
Associates:     Gerald  J.   McCormick,  Ph.D..   Esther  P.   Jorolan,   Ph.D., 

and  Gloria P.   Willet 

Descript ton. 

The objective  of   this work unit   is  to study metabolic   pathways of 
the  host   red  bluod  cell   -  parasite complex and   to assess   the  effect 
of  antimalarial  drugs  on  these  pathways   in o'der   to develop  new 
drugs effective  against   resistance  falciparum malaria. 

Progress. 

A description of the application of the in  vitro P. knowlesi 
malaria culture system tc the study of antifolic acid activity 
of drugs lias been published (1).  This system is based upon the 
inhibition of incorporation of radioactivity from l^C-orotic 

acid into DNA of the parasites.  Dose response curves were 
reported for a sulfanilamide (sulfalene) and several inhibitors 
of dihydrofolic acid reductase.  The counter-effect of p-amino- 

benzoic, folic and folinic acids against inhibitory concentra- 
tions of sulfalene and pyrimethami.ie were reported. 

Study of synergism between antimalarial drugs has continued, 
using the l^C-orotic acid system.  Combinations of chloroquln 
with quinine, pyrlmethamine with quinine, and trimethoprlm with 

5-fluoro-orotic acid were found to have additive effec:s in this 
system.  Potentiation of effect was obfierved in combinations of 
sulfalene uHh Lrimethoprim and sulfalene with i derivative of 

quinazolim-.  The combination of sulfjlene with the quinazoline 
derivative was also potentiating against P. falciprrum in 
chimpanzee blood in  vitro.  These studies were presented at the 

Malaria Workshop at WRAIR and will be published as part of the 
proceedings. 
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Analogs of purine  bases   and nucleosides  are being  screened  for 
antimalarial   activity  as  measured by   inhibition  of  growth  and 
of  incorporation  of artivity  from  '^C-adenos ine  and   '^C-orotic 
acid  into  RNA and  DNA and   '^C-methionine   into prote;n of   the 
parasites.     Many  of  these  compounds  are effective   in   this  system. 
One  feature which  apparently  is  associated with  activity   is 
the hydroxyl  group  at   the  3 ' -(ribosyl)-position  of adenosine. 
Analogs   in which   this  group   is  missing   (3'-deoxyadpnosine, 
"Cordycepin"),   replaced  by  an  amino group,  or  sterically 
diTerent   (xy losy I-aden i ne)  have shown   inhibitory effects. 

In  a collaborative  study with   the  Division  of  Experimental 
Patholc  y  and Dr.   dj Zeeuw at  State University,   Groningen, 
The Netnerlands,   !ipid  fractions   are being prepared  from normal 
and malari a-infected plasma and   red blood  cells   and  from para- 
sites.     Results  of   lipid  component  analysis   from  several  of 
these preparations were  presented by Dr.   do Zeeuw  at   the Malaria 
Workshop and will   be  published as  part of  the  proceedings. 

The J_n vi tro cu 11 i vat ion  system  is being employed wi th   the 
intraerythrocyt i c parasite  babes ia  rodhauii   in   rodent   (mouse 
and  rat)  blood.     Using   inhibition  of  incorporation  of   '^C- 
ionine  into protein  as   the  parameter,  various   drugs  are 
being evaluated.     Pentamidine   isethionate,   an effective  drug 
in  v i vo,  was effective   in   this  systc.-;.  in  vi tro.     Studies of 
growth,  utilization of  nucleic acid precursors  and of  amino 
acids  for protein  synthesis  are   in progress. 

meth- 

In the study of dihydrofolic acid reductase, the assay using 
'^C-folic acid as substrate has not successfully demonstrated 
the presence of the enzyme in P^. knowles i in rhesus monkey 
blooJ. Modifications of the technique are being attempted. 
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Task 00,  Malaria  Investigations 

Wor'< Unit   136    Metabolic  and  enzymatic  studies  of normal  and  malaria 
infected  red cells 
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Plasmodium knowlesi:     In  vitro  evaluation of  antimalarial  activity of 
folic acid  inhibitors.     Exp.   Parasit.   30.  88-93,   1971. 
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(U)   Drug Metaboltsm;   (U)   Anttmalarlal  Drugs:   (U)   Precllnical   Pharmacoloftv 

23, (U)  The   technical   objective   is   to develop and   to  exploit   animal   modt'ls   for   the 
study of  the  pharmacodynamic  and   toxic   effects of   drugs   intended   fur   use  as  antlmalari- 
als   in man.     The   intended   purpose  of   these  studies   is   to  provide  a  basis   for  predicting 
the   response  of   soldiers   tu antimalarials   in a miliiary  environment   and   to   full ill   re- 
quirements  for  submission  of   IND  fur  clinical   trials  of   new  antimalarials. 

24. (U)   The  approach  will   be   to  study   the  effects  of  antlmalarial   drugs   in  health;   ani- 
mals   and  to study  the  handling  of   antlmalarial  dru^s   in healthy  animals   in  order  to 
predict   the  human  tolerance  to  new drugs   (Phase   I).     The  effects  of   antlmalarial  drugs 
In diseased  or   Injured  animals  will   be  studied   In order   10  determine   the   effetts  of   the 
drugs  on disease and   Injury.      The  handling of  antlmalarial   drugs  by  diseased  and   in- 
jured  animals  will   be   studied   in  order   to determine   the  effect   of  disease  or   injury  upon 
pharmacokinetics   in order   to  predict   the   tolerance  ol   new antlmalarial   drugs   in human 
efficacy  studies   ^Phase   II). 

25. (U) 7 
Tor WR U2 
rtdioactiv 
W3 I59tyb7 
acy and tc 
dard1/ed. 

icrosomal 
and inltct 
30 June   19 

1  07   -   72  06     Pharmaccdyiiaraics  studies   In  dog and/or  monkeys  were  completed 
,490.   WR   158,122,   WR   122.455 and WR  113,618.     Pharmacokinetles   studies  using 
ity   labelled   drugs   In  healthy mice were  completed   for WR  161,784,   WR  125,676, 
,  WR   122,458,   W*   142,490  and  WK   158.122.     A  test   system  for  evaluating effic- 
xicity  of   new  ai > Imalarlal   drugs   In mice   infected  with  P.   berghel  wa^  -Uan- 

A   test   system w. i  standardized  to evaluate  the   Influence  of   induced  hepatic 
enzymes on   the  efficacy   and   toxiclty of  new antlmalarial  drugs   In  normal 

ed  mice.     For   technical   report   see WRA1R Annual   Progress  Report,   1   July  1971- 
72  and  Claims   for   Investfgat lonal   Kxemptions   for   the  appropriate  New Drugs. 
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Project    3A663713D829    MALARIA PROPHYLAXIS 

Task    00, Malaria Investigations 

Work Unit  171 General pharmacology of antlmalarlal 
drugs 

Investigators 
Principal: Melvln H. Helffer, Ph.D. 
Associate: LTC 0. E. Demaree, CPT R. Caldw^ll, 

Dr. A. Elnheber, Dr. P.. Rozman, A. Berman 

1. The general pharmacology of WR 158,122, WR 113,618 and 
WR 171,952 was studied In dogs. The results of these 
studies were reported In the appropriate claims for Inves- 
tlgatlonal exemption» for New Drugs. 

2. The absorption and excretion of WR 142,490 and WR 158, 
122 was reported In the appropriate claims for Investlga- 
tlonal exemptions for New Drug». 

3. Blood Levels of Phenanthrene Methanol Antlmalarlals. 

Pour phenanthrene methanols were examined separately 
for blood levels In mice receiving 80 mg/kg P.O. as an 
aqueous suspension. 

a. WR 161,784 - l4C: 

The plasma level was maximal at 4 hours  (the first 
sample) and decreased rapidly during the first 24 hours. 
There were still minimal detectable amounts evident In the 
plasma at the end of 10 days.    WR 161,784 was not concen- 
trated In mouse red blood cells. 

b.    WR 125,676 14. 

Plasma level was maximal at 6 hours and decreased very 
rapidly thereafter.    After 2 days there was essentially no 
detectable amount of radioactivity present in the plasma. 
WR 125,676 was not concentrated In mouse red blood cells. 

c.    Plasma level of WR 159,967 peaKed at 8 hours. 
The red cell level remained relatively high for 2 days, 
with plasma level remaining at high levels for 4 days. 
However,  there werj stllx detectable amounts of radio- 
activity In both mouse red blood cells and plasma for 10 
dayo.    The maximum concentration In red cell was also 
reached at 8 liours. 
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d. WR 122.^55 - 3H: 

Red cell and plasma levels both peaked at 12 hours. 
The red cell level of radioactivity was consistently higher 
than that of the plasma throughout the 14 day period. How- 
ever, there was a relatively high level throughout the first 
7 days, with gradual decrease at 10-14 days in both the 
plasma and red cells. 

.'n additional experiment was done with WR 122,455 - 3H 
to determine If blood levels of drug were proportional to 
drug dose. The mice were given either 5, 2C, or 80 mg/kg 
orally, and blood levels were followed from 6 to 72 hours. 
A linear relationship exists between blood levels and drug 
doses. The 80 mg/kg dose showed blojd levels of approxi- 
mately 4 times that of the 20 mfc/kg dose and 16 times that 
of the 5 mg/kg dose. The 20 mg/kg dose gave blood levels 
approximately 4 times that of the 5 mg/kg dose. 

4. Influence of pretreatment of mice with phenobarbital 
on the toxiclty and efficacy of antlmalarial drugs. 

a. Background; 

The technical objective is to develop and to exploit 
animal models for the study OJ" the pharmacodynamlc and 
toxic effect« of drugs intended for use as antlmalarials 
in man.    The intended purpose of these studies is to pro- 
vide a basis for predicting the response of soldiers to 
antlmalarials in a military envuronment and to fulfill 
requirements for submission of 1ND for clinical trials of 
new antlmalarials.    Drug metabol.zlng enzymes are induced 
by pretreatment with phenobarbitr.l.    In these studies the 
roles of metabolites in toxiclty and efficacy art assessed 
indirectly.    The results may be used to point to antl- 
malarials that may be derived as metabolites of new chemi- 
cals.    Adjunctive therapy may also be employed to improve 
the therapeutic index of new or established antlmalarials 
tnrough metabolic modifications. 

These experiments are designed to screen for potential 
metabolic roles in the toxiclty and efficacy of candidate 
antlmalarials. 

b. Methods: 

Female CD-I mice 7-9 weeks old were intraperitoneally 
inoculated with freshly prepared inocula of drug-sensitive 
KBO 173 strain of P. berghei to produce infection. Anti- 
malarial drugs were given in a solution or suspension in 
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0.9* saline containing 0.4^ polysm-bate 80 and 0.25t methyl- 
cellulose (MCT) as a gastric gavage. Control animals re- 
ceived the vehicle only.  All doses are given as mg/kg of 
salt. 

Liver mlorosomal enzymes were Induced by three dally 
I.P. Injections of phenobarbltal sodium (100 mg/kg) dis- 
solved In water; controls received three dally I.P. Injec- 
tions of water. This pnenobarbltal pretreatment reduced 
hexobarbltal sleeping time from 30 minutes to about 5 
minutes. The mice Infected on the first day of phenobar- 
bltal treatment (day 0) and the antlmalarlal drugs were 
given on day 3, the day following the third phenobarbltal 
Injection, Toxlclty studies were performed on uninfected 
animals. 

Parasitemia was estimated on days 3, 7, 10 and 14 from 
at least 250 RBC in thin blood films expressed as percentage 
of cells parasitized. 

c. Results: 

The pretreatment of uninfected mice with phenobarbltal 
reduced acute toxlclty of primaqulne, proguanil and cyolo- 
guanil but not WR 40,070 (Table l). 

Primaqulne given as a single large oral dose produced 
& swelling of the snout and tongue and grossly observable 
necrosis of the diaphragm (confirmed by microscopy). There 
were also some crusty secretions and dryness of the eyes ob- 
served after large doses of primaqulne. These signs were 
also ameliorated by pretreatment with phenobarbltal. 

Phenobarbltal alone had no effect on the course of 
parasitemia; it did not significantly affect the efficacy 
of WR 158,122 or primaqulne. Phenobarbltal pretreatment 
reduced the efficacy of WR 142,490 and increased the anti- 
malarial potency of proguanil or cycloguanil (Tables 2, 3» 
and 4). 

d. Discussion; 

These data clearly demonstrate the feasibility of the 
use of an in vivo, integrated test system to screen and 
evaluate tHe potential metabolitos for more potent or less 
toxic antimalarials. These results can also be interpreted 
to indicate a potential additional adjunctlve role for 
phenobarbltal in the therapy of malaria. Th? fact that 
the toxlclty of primaqulne, cycloguanil and proguanil is 
reduced by phenobarbltal pretreatment at the same time that 
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1 
the antlmalarlal potencies of proguanil and cycloguanll are 
Increased while that of prlmaqulne Is minimally depressed 
suggests that the metabolites of these agents are more po- 
tent than or as potent as the parent compound as well as 
being less toxic. The nature of these metabolites should 
be Investigated In order to Isolate, synthesize and test 
these potentially superior antlmalarlal drugs. 

The fact that phenobarbltal falls to potentiate the 
potency of prlmaqulne and virtually abolishes the efficacy 
of WR 142,490 argues against but does not rule out a poten- 
tial adjunctlve role for phenobarbltal. This potential 
clinical application of phenobarbltal should be considered 
as these experiments progress. 
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TABLE 1 

Effect of Phenobarbltal Pretreatment on the 
Toxlclty of Some Antlmalarlals 

Drug 
Dose 

(mg/kg) 
Pre- 

treatment 
Percent 

mortality 
Number of 
animals 

WR 40,070 720 W 63 30 

P 67 30 

Proguanll 100 w 62 50 

p 18» 50 

r 160 w 93 30 

p 63* 30 

Cyclo- 
guanll 

775 w 

t5 

75 

17* 

12 

12 

1280 w 100 12 

p 42* 12 

Primaqulne 160 w 8 12 

p 0 12 

320 V 61 23 

p 0* 23 

640 w 9C 10 

p 10* 10 

95 w 

p 

75 

17* 

12 

12 

110 w 75 12 

p 33* 12 

by t test. 
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Project 3A062110A830    BIO SENSOR SYSTEMS 

Task 00, Bio Sensor Systems 

Work Unit 055   Development and evaluation of improved biological sensor 
systems 

Investigators 

Principal-     COL Merida W. Castleberry. VC 
Associates:    CPT Jeffrey M. Linn, VC; CPT Jerry F. Hardisty, VC; 

1LT Stephen E. Scalera, MSC 

OBJECTIVE:   To de/elop a more intelligent and sensually acute dog which is 
physically 6.,', te.ipermentally better suited for military purposes than Is 
now generally available. 

BACKGROUND:   This study is being made In response to the approved US Armv 
QMDO, "Dector System, Military Dog", (USACDC Action Control Number 12527). 
Seven breeds of dogs, including crosses, were studied by the University of 
Maryland for behavioral evaluation and selection for army breeding and 
training (Avmy Contract No. DADA 17-68-C-8015).   As recommended In the 
final rer.,rt of that study, and because of the years of military experience 
gained with the German Shepherd Dog, this breed was selected for primary 
breeding emphasis. 

APPROACH:    Critically evaluated AKC registered breeding stock purchased 
especially for this purpose was selectively bred to produce superior 
progeny.   These are 1n turn closely evaluated by recognized tests designed 
to reveal the superior individual.   Line breeding combined with progeny 
testing of each generation is being used to accomplish the objective. 

PROGRESS: 

A.   Breeding Program 

1. Forty-five litters produced 291 weaned puppies. 

2. Present kennel population consists of 245 German Shepherd dogs. 

3. Th.ee hundred and fifty-nine dogs were transferred to other 
activities or sold at public auction: 

Walter Reed Am\y Institute of Research 286 
Fort Banning, 6A 19 
Lackland Air Force Base, TX 16 
Fort Monmouth, NJ 13 
State Department 3 
Public auction 22 

iSÜ7 

MMM 



4.   Puppy evaluation:   Evaluation procedures remained unchanged 
during the period of this report. 

B. Special Projects 

1. Evaluation of the Geriran Short Haired Pointer, the Gtrnndn 
Wire Hair Pointer and crosses of these breeds with the German Shepherd 
Dog was discontinued.    Those not shipped to Fort Benning, GA were sold at 
public auction.   The advantages offered by the natural hunting Instincts 
of these dogs was more than off-set by the difficulty of training them to 
sit-alert on mines and trip wires. 

2. The game of ball retrieval or "fetch" has continued to be 
stressed as one of our principle means of socialization.    A dog was 
partially trained to detect mines and trip wires by use of "forced retrieve", 
a training technique recoimended by our consultant, Mr. W.R. Koehler. 
This dog was subsequently sent to Fort Benning but did not do as well as 
was expected.   This was probably due to the new handler and the different 
training technique employed there. 

3. The relationship of animal heart rates and of adrenal- 
pituitcry function to natural aggressiveness and self-confidence has been 
explored (1-2-3).   Essentially the findings Indicate that the more 
dominant animals have a higher resting EKG and a higher magnitude of 
adrenal-pituitary response to stress than in their subordinate litter 
mates (4).   The validity of these observations as applied to a large 
canine program has not been established.    If such physiological testing 
could assist as a prognostic evaluator of future military dogs, the 
additional effort would Indeed be worthwhile.   This question formed the 
theoretical framevo»"!« for a definative study outlined by Dr. M.W. Fox, 
our canine beh^ orst consultant.   The required telemetering and read-out 
equipment for heart rate determination was obtained.    Part of this was 
on-hand at the WRAIR.    The necessary laboratory equipment and expertise 
for plaswcortlsol determination was found to be locally available. 
Actual work began recently. 

4. Our puppy socialization program, which begins formally at 
four weeks of age was changed recently from only petting and play to 
include meaningful commands and accustomatlon to collar and leash.    Rat) 
play, and praise are used as rewards.    It Is all very low key but the 
results of this   "Imprinting" have been most gratifying.   We have had 
puppies that will aggress an "Intruder" at seven weeks of age and track 
at 10 weeks. 

C. Consultant Visits: During the past year this Division was visited 
by Its canine behavioral consultant. Dr. M.W. Fox, Ph.D., BVM, MRCUS; by 
Dr. Wayne H. Riser, DVM, who monitors our hip and elbow dysplasia control 
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program and by Mr. L. Wilson Davis, our evaluation and training consultcnt. 
Mr. Ernest H. Hart has recently accepted an invitation to ai.; as our breed- 
ing consultant. 

D. Facilities:   Over half of our outside kennel  facilities were 
roofed by corregated fiberglass supported by a welded angle iron framework. 

E. Equipment: 

1. An automatic watering system was Installed in all cages 
except those in the whelping area. 

2. The following telemetry equipment was received: 

Transmitter 
Receiver 
ECG duplifler-recorder 

Discussion:   Man has always selectively bred animals.    It is by this process 
that more meat, wool, eggs, milk, and black orchids have been developed.    To 
expect to develop a more tempermentally stable, more Intelligent, and 
physically better dog than 1s now generally available for military use, then, 
is an expectation that brooks no failure.   The principal problem is that of 
truly selectinq the best animals as breeders.    It Is for this reason that 
this Division is engaged In examining the possible correlation of cardiac 
and adrenal function values to the visible manifestations of superiority. 
Should these physiological values prove meanlngfjl, not only would our 
breeding program be strengthened, but our monetary costs and manhour 
expendatures could be significantly reduced by early more positive recogni- 
zatlon of the non-productive puppy.   Additional tlae could be devoted to 
imprinting ard socializing the genetically better puppies.   This environ- 
mental en-ichment through learning and Increased human contact would maxi- 
mize their genetic advantages and be of great assistance In developing a 
«rjperlor working dog.   The Australian Army, following a visit to this facility, 
has recently initiated their own canine breeding program.   They have named 
their project the "Psychogenetlc Breeding Prograiwie".    The name is descriptive. 

CONCLUSION:   Reasonable genetic objectives are attainable through advan- 
tageous matings, patience, and work.   There Is every reason to expect the 
successful development of a remarkably improved military dog within the 
next decade. 

RECOMMENDATIONS:   None. 

1509 



Project 3A062110A830    BIO SENSOR SYSTEMS 

Task 00, Bio Sensor Systems 

Work Unit 055, Development and evaluation of improved biological sensor 
systems 

Literature Cited 

References: 

1. Belkln, D.A.  (1968) Bradycardia in Response to Threat. Amer. Zoo!.. 
3: 775. 

2. Candland, O.K., Bryan, D.C., Nazar, B.L., Kopf, K.J. & Sendor, M. 
(1970) Squirrel Monkey Heart Rate During Formation of Status Orders. 
J. Cnmp. Physiolo. Psychol., 70: 417-423. 

3. Candland, O.K., Taylor, D.B., Dresdale, L., Leiphart, J.M. & Solow, 
S.P. (1969) Heart Rate, Aggression and Dominance in the Domestic 
Chicken. 

4. Fox, M.W., Dept of Psychology, Washington University and Andrews, 
R.V., Department of Biology, Creighton University; Physiological 
and Biochemical Correlates of Individual Differences in Behavior 
of Wolf Cubs, In Press. 

IblU 




