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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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FOREWORD 

In conducting the research described in this report, the investigators 
adhered to the "Guide for Laboratory Animal Facilities and Care," as 
promulgated by the Committee on the Guide for Laboratory Animal, Re- 
sources, National Academy of Sciences-National Research Council. 

I 

-  -    „^^ggEMgg^g 



<« * TABLE  OF  CONTENTS 

VOLUME II 

3A062110A806   MILITARY PREVENTIVE MEDICINE 

00   Military Preventive Medicine 

030    Global health data 

Page 

750 

751 

3A062110A811    MILITARY MEDICAL RESEARCH PROGRAM S. E. ASIA 

00   Tropical and Subtropical Military Medical Research 753 

044 Virus diseases of man and animals 754 
045 Bacterial and mycotic diseases of man and animals 833 
046 Parasitic infections of man and animals 894 
047 Metabolic diseases of man and animals 975 
048 Rickettsial diseases of man and animals 1037 
049 Psychiatry and behavioral studies 1041 
304 Military Medical Research Program, SEA, U.S. Army 

Medical Research Team, Vietnam 1082 
305 Military Medical Research Program, SEA, WRAIR - 

Zoonoses 1117 
308    Prophylactic use of gamma globulin to prevent infectious 

hepatitis 1132 
310    Etiology of infectious hepatitis 1137 

3A062110A816   MILITARY MEDICAL MATERIEL 

00   Military Medical Materiel 

205    Military medical materiel 

1141 

1142 

«v 

■ ■■ - - ■ ■ ■■ ■■ 
I   ■ - MMMäMMMMi   .   ... -      — 



' WWWW^l11 ini iimmmmmm mmmmmmmmmmmmtimw > .mw m mm» „„i,.,^-—-.-^   

Page 
3A062110A821    COMBAT SURGERY "*" i , 

00   Combat Surgery 1146 

120 Wound healing 1147 
121 Responses to trauma 1155 
122 Anesthesia and pulmonary complications of combat injury 1169 

3A062110A822    MILITARY INTERNAL MEDICINE 

00   Military Internal Medicine 1175 

120 Metabolic response to disease and injury 1176 
121 Pathogenesis of enteric diseases 1186 
122 Microbial genetics and taxonomy 1195 
123 Histopathologic manifestations of diarrheal diseases 1210 
125    Hematology of nutritional deficiencies of military 

importance 1214 

3A062110A823    MILITARY PSYCHIATRY 

00   Military Psychiatry 1219 I 

030 Military psychiatry 1220 
031 Military performance and stress:  Factors leading to 

decrements of performance and disease 1227 

3A062110A824    IONIZING RADIATION INJURY, PREVENTION, AND TREATMENT 

00   Ionizing Radiation Injury, Prevention, and Treatment 1245 

055 Chemical protection against irradiation 1246 
056 Protective effect of aminothiols against ionizing and neutron 

radiation 1309 

ii 

 ■■""     - mmmmimm^mmmmimimmmL^^^^^M^ma^ 



r mmmmmmmmmm—^mmmmi i 

i 

i 

Page 
3A663713D829   MALARIA PROPHYLAXIS 

00   Malaria Investigations 1314 

1UÖ    Antigenic fractionation, serology of malaria 1315 
107 Serodiagnostic tests for human malaria 1318 
108 Study of malaria and antimalarial therapy 1325 
112 Field studies on drug resistant malaria 1332 
114    Malaria program supervision 1355 
123 Biological studies on anopheline vectors of malaria 1363 
124 Biological studies of mosquito malaria infection and 

transmission 1371 
125 Taxonomy and ecology of disease bearing mosquitoes of 

Southeast Asia 1380 
126 In vitro cultivation of mosquito tissues and malarial 

parasites 1386 
127 Test systems for Plasmodium falciparum 1393 
128 Natural and acquired immunity in rodent malaria 1402 
129 Host responses to malaria 1405 
130 Collection and retrieval of malarial test data 1416 
132 Clinical studies of human malaria 1420 
133 Acute renal injury and failure in malaria 1424 
134 Malaria screening systems 1427 
135 Experimental pathology and metabolism of plasmodia 1434 
136 Metabolic and enzymatic studies of normal and malaria 

infected red cells 1439 

3A062110A830   BIOSENSOR SYSTEMS 

00    Biosensor Systems 1443 

055    Development and evaluation of improved biological sensor 
systems 1444 

DISTRIBUTION 1449 

DD FORM 1473 (Document Control Data - R&D) 1450 

iii 

■  — ■  - - an j 



PROJECT 3A062110A806 
MILITARY PREVENTIVE MEDICINE 

Task 00 
Military Preventive Medicine 

750 

■    n      ,i       I     -, ■„ ...„„MMM^M^^jM^MMaMaiMMi—I 



1 

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 

1. MTI PMV tU*IIV 

69 07 01 
4. KIND OP MHHANV 

D. Change 
1. tUHMAIIV tCTV 

U 
K. VOftX MCUMTr 

u 
r. mMAnH^     )i& nurS HnrirM 

i. *WIICV ttccMUtotr 

DA OA 6457 

NA 

i. D*TI or miSmmr 
70 07 01 

NL 

MBPoßT commoL trmwoL 
DD'DR*E(AR)636 

iSTt^KCiric DATA* 
CONTRACTOfl ACCCU 

rti     Duo 

I. LKVIL or tun 

10. NO./COO«:* ^nOORAM KLCMCNT PROJtCT NUMMR TASK AREA NUMBKR WORK UNIT NUMRCR 

&   mMARY 

h. CONTMOUTIHa 

C.  CONTRIOUTINO 

fi^nn& .^AnfiziinARoe ML ML 
Coöä Uiik K 

(U)   GLOBAL ^HEALTH DATA (09) 
miaP it. SCItHTiriC AMD TICNHOLOOtCAL AMI 

005100  Documentation + T,007800 Hygiene and Sanitation, 007000 Geography 
ii irAKT sen 

58 11 CONT 
i«. niir^miAHci MTMOO 

C, In-House 
(§. rUNCNMtt AOINCV 

DA 
tT. CON TRACT/OMAN T 

& DATU^PriCTIVIt 

*> NUHHRt* 

C TVRli 

NA w. mwuiic» nruiATt AL MAM VM 

4 AMOUNT: 

f. CUM. AMT. 

riKAL 

VIAH 

It. NUPOMftM.! OaOOttCANIIATIOH | I 

■AMI.»    Walter Reed Army Institute of Research 
Washington, D. C.   20012 

AOOMMi* 

RltPONMVLI INDIVIDUAL 

NAMti    Meroney, Colonel W, H., MC 
T.L.»ON.,  202-576-3551 

70 
nrr— 

71 

k ruNOt o» *MN«I*J 

25 

25 
M. PCNrONMINOONDANIIAriOM 

Foreign intelligence not considered 

?  Walter Retd Army Inst. of Research 
Div of Biometrics & Med Info Proc 

"Washington, D, C.   20012 

»RIMCIPAL IffVMTIfiATOR fgrymdmk U*l$ " U.M. AtmMmlt ImmlltmU—* 

NAM«.-* Fred, Ann C., M.D. 
T.L.PNONKr 202-576-2086 
tOCIAk HCURtTV ACCOUNT HUNMR: 

ASSOCIATC INVBtTIOATOM 

NAMIi 

DA 
B swnsm wsat na sm KOK asnism sac 7— ■ —7 
ffiegiTF^^iTfemnr^^To1^ ^l^^y (U) Infectious 

II. TtCNNIC \L ODJICTIVI,* 14 APNNOACN,   tl. PNODMM fPUNllA IMIWAM, ßtl*** l*mtMnl ty K . pm—m —ml »t ••«* «f* f#«w*ly CIMSINMNM C*#»-J 

(23) Health Data Publications on selected foreign countries are researched, written, pub 
lished and issued.   (U)   Unclassified health and disease data on all foreign countries 
accrued, analyzed, stored and made available to approved requesters.   (U)   Consultation 
and assistance rendered to Medical Officers and to Global Medical Courses. 
(24) (U)   Preventive medicine oriented Health Data Publications on individual foreign 
countries are unclassified reports on the infectious and communicable diseases and 
health and sanitary conditions in the country. 
(25) (U)   69 07 - 70 06.   Pending decision on organization and staff, no new Health 
Data Publications have been issued.   The staff of two (1 professional and 1 administrativ«) 
continue to research for data and write draft Health Data Publications;   to accrue data and 
make it available to Medical and Research requesters.   Health Data Publications on 
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technical report see Walter Reed Army Institute of Research Annual Progress Report 1 Jul 
69-30 Jun 70. 
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PROJECT 3A062110A806 MILITARY PRBVENTIVE MEDICINE 

Task 00, Military Preventive Medicine 

Work Unit 030, Global Health Data 

Investigators; 
Principal, Colonel Hinten J. Baker,   MC 
Associate,   Ann C. Fred, M.D. 

Description: 

Health Data Reports are prepared for the use of Army Medical 
Service Officers and contain unclassified information regarding the 
health and sanitary conditions likely to be encountered in foreign 
countries to which they are deployed.   They describe the geography, 
climate, religion, animals and plants of medical importance, w-uer 
supplies, methods of waste and sewage disposal, diseases present, 
medical facilities, etc., of each country reported on. 

Progress: 

At the end of FY 1970, Health Data Reports had been completed 
and published on 46 countries.   Updating, with complete revision 
of text and maps, is in the completion stage on Ethiopia.   Rewrites 
of Syria and Jordan are continuing.   A revised Cambodia is in progress 
and the complete text has been submitted on Mauritania and Dahomey. 

( 
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MILITARY MEDICAL RESEARCH PROGRAM S. E. ASIA 

Task 00 
Tropical and Subtropical Military Medical Research 
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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 viral 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)   69 07 - 70 06   Diagnostic increases in antibody tlter in encephalitis patients 
from Vietnam and the isolation of JEV from the brain in one fatal case indicate that 
transmission of the virus is occurring in south Vietnam.   Titer rises plus the isolation 
of the virus from an epidemic In Chiengmai indicate that JEV was also Involved in that 
summer epidemic.   Antibody titer changes in sera from patients in Vietnam suggest 
that mvcoplasma is involved in 40% of the lower respiratory infections sampled.    No 
new strains of influenza were encountered during this reporting period.   For technical 
reports see SEATO Annual Progress Report, 1 Apr 69 - 31 Mar 70. 
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) Project 3A062110A811 MIUTARY MEDICAL RESEARCH PROGRAM S.E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 044, Virus diseases of man and animals 

Investigators. 
Principal:   Thomas J. Smith, LTC, MC 
Associate: Salvadore Arellano, SP5; Keith Arnold, MAJ# MC*; Anan 

Boonkanoke; Attaya Boonyakanist; Aree Boriharnvanakett, 
B.S.; Chumpan Chavachati, B.S.; Ming Choochong; 
Supatra Chulachombok, R.N.; Howard B. Emory, M.D.; 
Hilary Evans, MAJ, MC; Samuel Fulton, SFC; Douglas J. 
Gould, Ph.D.; Richard A. Grossman, MAJ, MC; 
Pairatana Gunakasem, M.D.; Robert L. Hickman, MAJ, 
MC; Somsak Imlarp; Dennis O. Johnsen, MAJ, VC; 
Chalobon Kachanaprakorn, M.S.; Sopana Kanchana; 
Nonglak Khananuraksa, B.S.; Kwanyuen Lawhaswasdi, 
D.V.M.; Raveewan Leelasatayakul, B.S.; Somboon 
Maneechai; Samarn Maneewongse; George S. Manning, 
CPT, MSC; Pethai Mansuwan, M.D.**; Amara Markvong; 
Joe T. Marshall, Ph.D.; Kol Mongkolpanya; Dephanom 
Muangman, M.D., D.P.H.; Sumitda Narupiti, B.S.; 
William A. Neill, SP5, E5; Anan Nisalak, M.D.; Vandee 
Nongngork; Chumnong Noigamol; Howard E. Noyes, Ph.D.; 
Naowayubol Nuthumkang, ^.S.; Lloyd Olson, LTC, MC; 
Vichit Phunkitchar; Boonsri »    "ichit, M.D.***; 
Phuangthong Puengkaew, R.N.; Larp Puntusiri; Rattana 
Rattanawongse, M.D.; Pranee Sithisarn, B.S.; Phanu 
Sittisomwongse, D.D.S.; James P. Slowey, SFC, E7; 
Paul C. Smith, MAJ, VC;   Laddawal Sookcharoen; Rapin 
Snitbhan, M.D.;   Panor   Srisongkram, B. S.;   Harold E. 
Stark,   Ph. D.;   Thanomchit  Suwapant,   M. D.;***; 
Michael F. Sullivan, CPT, MSC;   Jiraporn Supavadee, 
B. S.;   Moragot Tanticharoen, B. S.;   Prayot 
Tanticharoenyos, D. V. M.;   Prapai Thong-Ngarm, 
B. S.;  Roypim Tiptanatoranin, B. S.;   Pranom 
Tuntrakool, B. S.;    Suchinda Udomsakdi, M. D.; 

** 
USA Med Rsch Team (WRAIR) Team 
Director, Children's Hospital, Bangkok 

*** Staff physician. Children's Hospital 
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Suwana Vithanomsat, R. N.;   Milton Wlllhight, SFC; 
James E. Williams, CPT, MC;  Ronald G. Wilson, 
M. D.;   William Wooding, MAJ, MC 

Ecology of Japanese Encephalitis Virus 

Principal Investigators Ananda Nisalak, M.D. 
Dennis O. Johnsen, MAJ, VC 
Douglas J. Gould, Ph. D. 
James E. Williams, CPT, MSC 
Joe T. Marshall, Ph. D. 
Richard A. Grossman, MAJ# MC 
Suchinda Udomsakdi, M. D. 
Thomas J. Smith, LTC, MC 

Project Coordinator: Thomas J. Smith, LTC, MC 

OBJECTIVE:    To investigate the ecology of Japanese encephalitis virus 
in Thailand, with particular reference to aspects contributory to in- 
fection in humans.   Specific objectives include the following: 

1. to assess the extent of human infection, and its seasonal 
variation; 

2. to observe clinical manifestations of human infection; 

3. to determine which species of mosquitoes are transmitting 
human infections; 

4. to investigate animal reservoirs of JE virus; 

5. to ascertain environmental factors bearing on the incidence 
of human infection; 
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6. to attempt laboratory measurement of virus virulence or host 

defenses which bear on the nature of host-parasite relationship; 
7. to study the inter-relationships of multiple co-existing group 

B arboviruses in a discrete area; whether competition, antagonism or 
synergism obtains between these agents, their mosquito vectors and 
the immune systems of their human hosts. 

DESCRIPTION;   Japanese encephalitis (JE) virus has been known to be en- 
demic in Thailand for a number of years.   Reports of outbreaks of clinical 
encephalitis have been received from the north and north-central plains 
area since at least 1962.   In that year the existence of known JE virus 
mosquito vectors was documented, and subsequently group B arbovirus 
antibody was detected in sera of potential or known animal reservoirs 
of this agent.   In 1964 an extensive outbreak of encephalitis at Pitsa- 
nuloke was serologically confirmed as JE, and the virus was isolated 
from a human case of encephalitis at Chiengmai. 

Extensive ecologic studies of JE virus have been carried out by SMRL at 
Bang Phra, Southeastern Thailand.   JE virus was isolated repeatedly from 
two species of mosquitoes, Culex oelidus and tritaeniorhvnchus♦ Evidence 
was also accumulated suggesting that several species of domestic and 
wild vertebrates were involved in JE virus transmission cycles.   Serologie 
evidence, however, indicated only low levels of JE virus infection in a 
nearby population of school children. 

! 

During the period June-September, 1969, an epidemic of encephalitis 
was reported in Chiengmai province that ultimately affected hundreds 
of children.   Subsequent information indicated that the epidemic actually 
occurred throughout a wide area of the north and central plains area of 
Thailand.   In the Chiengmai area alone 232 cases of encephalitis were 
reported, of whom 68 died.   Paired sera were available from 55 children 
admitted to the McCormick and University Ho-"    as.   Thirty-two of 
thase showed evidence of recent infection with a group B arbovirus, and 
15 monotypic HI antibody response to JE virus.   JE virus was isolated 
from brain tissue of a patient dying of encephalitis.   Initial serologic 
surveys of large domestic animals (pig, dog, buffalo and cattle) in the 
area indicate a high incidence of past infection with group B arbovirus. 
Preliminary mosquito collections revealed the abundant existence of the 
potential vectors C. qelidus, C. tritaeniorhvnchus. and the C. vishnui 
complex. 

In contrast to other areas of the world where JE virus ecology hus been 
studied (e.g. Japan and Taiwan), however, other members of the group 
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B arbovirus complex are endemic in northern Thailand.   The clinical 
existence of Thai hemorrhagic fever has been known for a number of 
years in this area and follows the same epidemiologic patterns as seen 
elsewhere in Thailand.   Serological results of patients have been 
identical to those seen in dengue hemorrhagic fever and indicate the 
hyperendernicity of dengue virus in the area.   Because infection(s) with 
dengue virus may result in broadly-reacting group B arbovirus antibody, 
which in at least some instances will protect the host to challenge with 
heterologous virus, the coexistence of JE and dengue viruses provides 
an opportunity to study this interaction in human populations. 

In preparation of the anticipated increase in JE virus transmission to 
occur during the 1970 rainy season, study populations have been delineated. 
A comprehensive program to define mosquito populations in the area has 
been initiated.   Light traps, bait-trap, and biting collections in several 
representative habitats have been collected.   Pools of culicine mosquitoes 
have been tested for JE virus by mouse inoculation, and subsequently 
isolation systems will compare both mouse and LLC-MK2 cell systems. 
Collections of Aedeswill also be tested for dengue virus.   Culicine larval 
populations have been surveyed by quantitative sampling methods.   Simul- 
taneous insecticide susceptibility tests have been established on colonized 
strains of vector species. 

Serologie surveys are being carried out on potential reservoir hosts, based 
on data found both previously by SMRL at Bang Phra and in other 
countries.   Antibody-free swine have been established in study 
areas as sentinel hosts.   Studies in wild animals emphasize collec- 
tion and analysis of suspect species in order to determine whether any 
are naturally infected to the same frequency as found previously in 
other areas of Thailand and whether the incidence of such infection 
relates to infection in humans. 

Other aspects of this study are being reported separately in the section 
on Mosquitoes. 

PROGRESS;   Four villages in scattered locations of the Chiengmai Valley 
have been selected as study sites.  Each has been completely censused 
and characterized, and approximately 20% sample of the population 
selected as demographically representative of the larger population. 
Initial bleeding was carried out in early November, the beginning of 
the dry season.   In addition children from a school in the urban area 
of Chiengmai were bled. 
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Table 1 presents the age prevalence distribution for each area.  Because 
of the cross-reactivity, interpretation is provisional.   It seems clear, 
though, that most of the antibody prevalence in villages (A) and (B) is 
due to JE virus, while results in (C) and (D) probably represent both JE 
and dengue antibody.   The city school (E) more clearly represents 
dengue prevalence.   This is suggested not only by the prevalence 
difference between the two viruses but also by the level of geometric 
mean titers (Table II) for each area.   Only in the city school are the 
dengue titers greater than the JE titers.   Villages A and B are farther 
away and more rural and isolated from Chiengmai city than are villages 
C and D.   Although only 6-8 year olds were sampled in Chiengmai city 
the picture looks like that of Bangkok for dengue prevalence and it is 
probable that virtually 100% of the population has been infected by group 
B virus (es) by early adulthood. 

Table III shows the overall village prevalences and their 95% confidence 
limits for JE.   Only (B) and (C) do not overlap but it appears that these 
villages appear similar in overall prevalence.   The age prevalence dis- 
tributions are likewise fairly similar (Figure l) except for^ 20 year 
population of village (C). 

Chikungunya activity has evidently been absent in villages (A), (B), and 
(C), while present in village (D) and Chiengmai city.   This is interesting 
and may deserve further entomologic and sero-epidemiologic investigation. 

The similar prevalence of JE in males and females (Table IV) is surprising 
in view of the marked male preponderance of overt hospitalized encepha- 
litis cases.   There are several possible explanations, of course, and 
this certainly deserves thorough investigation in the coming season.   It 
does suggest equal male-female exposure (and for each age group) to 
infection.   From Figure 1 note the curve for village (A) in Amphur Maerim. 
Assuming this represents true JE prevalence the picture is as expected 
from the known epidemiology.   Exposure to infected mosquitoes (presumed 
to be Culex) is most likely out in the nearby fields that are farmed by 
almost every family.   Only the elderly and very young usually do not go 
to the fields and the low prevalence,< 5 and ^50 years, is shown. 

The picture in Figure 1 is also compatible with that sren in a population 
exposed endemically with epidemics superimposed (assuming that KI 
poPitivity either remains > 1 year or periodic exposures keep boosting HI 
levels).   This can be analyzed by fitting a catalytic model to the preva- 
lence data.   This was done for Area (C) and appears reasonable (Table V). 
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Thus, the estimated force of infection of 74 effective contacts per 1000 
population per year for village (C) is quite high.   Again this may be a 
combined Dengue-JE picture in village (C), which would be of interest 
epidemiologically and virologically. 

The findings of marked differences in A. aegypti indices during the same 
month (November) as this survey and in the same villages suggested 
that there would also be differences in Dengue prevalence (Table VI). 
Indeed there is virtually perfect correlation, highly significant despite 
having only 5 data pairs to compare.   Table VII presents data on inci- 
dence of group B arbovirus HI antibody as found in sera of domestic 
animals in the Chiengmai area.   It is apparent that all species of domes- 
tic animals show a very high rate of exposure to group B arbovirus, and 
most probably this is JE virus.   Preliminary neutralization test data con- 
firms this but is not yet complete.   Further sera collections of these 
animals are being made, as well as a wide variety of wild animal verte- 
brate species, in an effort to define which may be involved in the mainte- 
nance of group B arboviruses in nature. 

It is recognized that to date unresolved difficulties in interpretation of 
serological data limit the ability to differentiate previous infection with 
JE and dengue viruses.   Experiments are in progress to try to improve 
laboratory methods in this regard. 

Continuing mosquito collections are being carried out.   During the period 
October 1969 to March 1970, 1042 pools of Culex species have been 
tested for virus isolation.   No viruses were isolated. 
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TABLE H 

Geometric Mean Titers of those with HI Antibody* 
Present-Chiengmai (Nov 1969) 

JE 

(A) 

56.6 

(B) 

105 

Dengue** 44,5       74,1 

* Titers >       1:40 
** Highest D1-D4  Titer used 

(C) 

185 

142 

(D) 

132 

127 

(E) 

117 

129 

TABLE m 

Overall Prevalence (%) of JE Antibody (HI)* 
and 95% Confidence Limits Chiengmai (Nov 1969) 

!         Area |Prevalence(%) Sp** |95% Confidence Limits  | 

(A)Maerim 36.6 .0442 27,4-45.8 

(B)Sanpatong 23,7 .0501 13.2-34.2 

(C)S ankam phanj ;          53.1 ,0386 45.0-61.2 

(D)Saraphi 36.8 ,0595 26.3-47.3 

*Titei 
**S    = 

P 

•s ^     1:40 
Standard err( 3r of san jple % positive 
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TABLE V 

Fitting a Simple Catalytic Model 
to Area (C)-JE (kl) Prevalence Data 

Age t* y w A 0.074t -0.074t 
e 

y 

1-4 2.0 .167 4 .668 .148 .8624 .1376 

5-9 6.5 .217 5 1.085 .481 .6132 .3868 

10-14 11.5 .470 5 2.350 .851 .4270 .5730 

15-19 16.5 .727 5 3.635 1.219 .2955 .7045 

20-29 24.0 1,000 10 10.000 1.776 .1693 .8307 

30-39 34.0 .842 10 8.420 2.516 .0808 .9192 

- - - A   = 26.158 - mi - 

*t =   Age-1 year.   Thus the t scale has been shifted to begin at age 
1 instead of 0, the value of t on the scale is therefore always 1 year 
less than the population age at that point, and the total space 
covered by the data, from ages 1-40, is 39 years wide. 

'A   = 

r    = 

26.158 x  100   =    67.1 

.029 
»029  = . 074 or estimated force of infection produces 74 
.39 effective contacts per 1000 pop, per year. 

The fraction-positive pop. proceeds at rather less than the average 
rate for the years until about age 15 when the reverse is largely 
the case.   This can be rationalized as the effect of extra exposure 
in the rice fields by the young and middle-aged population that 
does not attend school.  The basic hypothesis here, of course, is 
that JE in this area is an endemic-epidemic disease and the 
curve tends to uphold this. 
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TABLE VI 
Correlation of Aedes aegypti House Index and 

Prevalence of Dengue Antibody (HI) Chiengroai (Nov 1969) 

Area X = A. aegypti 
Index 

Y = Dengue HI 
Prevalence 

(A) .019 .155 

(B) .001* .117 

(C) .300 .580 

(D) 

(F) 

,156 

.570 

.461 

.827 

r=.2727 
V(. 2208) (.3547) 

r = 0.974 

P<.D1 
^2 1.046 2.140 

^2 3.4396 1.2706 

(^)/N 0.2188 0.9159 

v^* • . 0.2208 0.3547 

^" f = . 7204 ^X ^ Y/N=. 4477 CX,Y=. 2727 

♦ Actual index was zero (. 000).   Correction used for analysis 
purposes. 
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TABLE VH 

Incidence of HI Antibody in Sera of Domestic Animals in Chiengmai 

Per Cent with Antibody to : 

Animal Chikungunya Dengue-1 JE(Nak)* JE (CM)** 

Cattle 17 7 84 96 

Pig 29 27 73 81 

Dog 10 7 86 86 

Buffalo 11 2 80 95 

*    Nakayaroa prototype strain 
** Chiengmai strain 
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Ecology of Japanese Encephalitis Vectors 

Principal Investigators : 

Assistant Investigators : 

Douglas J, Gould, Ph.D. 
Richard A. Grossman, MAJ, MC 
Dennis 0, Johnsen, MAJ, VC 
Thoma*; J, Smith, LTC, MC 
Michael F. Sullivan, OPT, MSC 

Attaya Boonyakanist 
Samarn Maneewongse 
Kol Mongkolpanya 
Chumnong Noigarool 
Larp Puntusiri 

OBJECTIVES :   To determine the identity of mosquitoes involved 
in the transmission of JE virus in the Chiengmai area and to 
measure the seasonal density, host preferences, insecticide 
susceptibility status and flight dispersal characteristics of 
suspected vector species. 

DESCRIPTION :   Between June and September 1969 an epidemic 
of encephalitis due to JE virus occurred in Chiengmai and other 
northern provinces of Thailand.   In collaboration with the 
Epidemiology and Virology Departments of SMRL an initial 
survey of the affected districts in Chiengmai province was made 
in July, and approximately 11,000 culicine mosquitoes were 
collected for virus isolation attempts.   In October 1969 routine 
collections of adult and larval mosquitoes were begun in seven' 
districts of Chiengmai province.   In order to measure mosquito 
population densities and to provide material for virus isolation 
attempts, 10 New Jersey type and 16 CDC (battery-powered) 
type light traps are operated weekly at sites in Mae Rim, 
San Sai, Doi Sakct, Saraphi, Muang, Sankaropaeng and Sanpatong 
districts.   Bi-monthly larval surveys of culicine mosquitoes are 
made to determine population densities, types and location of 
breeding sites in the study sites. 

PROOIESS : Between October 1969 and April 1970, 31,431 
mosquitoes, consisting primarily of Culex fuscocephala, C. 
gelidus, C, tritaeniorhynchus, C. vishnui complex, Aedeslinea- 
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topennis, A. roediolineatus and A. vexans, were collected for 
virus isolation attempts.  Results of isolation attempts are given 
in the report of Virology Department.   As measured by light 
trap collections of female mosquitoes, populations of the two 
suspected vector species, C. gelidus and C. tritaeniorhynchus, 
declined in December and remained at a low level until March. 
The numbers of C. tritaeniorhynchus began to rise in March, 
but there was little change in tne C. gelidus population (Fig. 1). 

During November 1969 and March 1970 houses in the study sites 
in Saraphi, Sankampaeng, Sanpatong, Mae Rim and Muang 
districts were surveyed for the presence of Aedes aegypti.  The 
results of these surveys indicated that the A. aegypti population 
densities varied greatly between study sites; villages in Sanpatong 
district had no A. aegypti while in the Muang district (Chiengmai 
city) at least 50% of the houses were infested (Table 1).   The 
A. aegypti indices represent the proportion of houses visited in 
which larvae of that species were found.   These indices showed 
a strong positive correlation with the data for dengue prevalence 
in these areas (See report of Epidemiology Department). 

The stomach contents of blood engorged mosquitoes collected in 
light-traps in the Chiengmai area were tested by the agar-gel 
diffusion test to determine sources of their blood meals.   The 
majority of those tested had fed on cattle and/or buffalo, while 
smaller numbers had pig, horse, chicken and humans (in that 
order) blood in their guts (Table 2). 
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Table 1.  Results of survey of houses in Chiengmai study sites 
for presence of Aedes aegypti-1969-70. 

November 1969 March 1970 

Site No. Houses           Aedes 
inspected             4§RY£tt 

No. Houses 
inspected 

Aedes 

inaex 

Amphur Mae Rim 52                     .02 82 .00 

Amphur Muang 128                     .68 144 .58 

Amphur Sankam- 
paeng 

92                     .29 72 .39 

Amphur Sanpatong 103                       .00 93 .00 

Amphur Saraphi 64                     .16 78 .12 

Table 2.    Blood meal sources of mosquitoes identified by agar- 
diffusion technique • Chiengmai, October^Noverober 1969. 

Host 
Species 

Human 
Buffalo- 
Cow Pig Horse Chicken 

Culex fuscocephala 0 

0 

0 

3 

169 

69 

190 

222 

8 

3 

2 

5 

3 

0 

0 

3 

0 

Culex gelidus 

Culex tritaenior- 
hynchus 

Culex vishnui 
complex 

0 

1 

9 
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Combined Investigation of Dengue Hemorrhagic Fever in an Urban 
Population 

Project Coordinator: Thomas J. Smith, LTC, MC 

Principal Investigators: Ananda Nlsalak, M.D. 
Boonsri Phuvichit*, M.D. 
Curtis Bourgeois, Jr., LTC, MC 
Douglas Gould, Ph. D. 
Pethai Mansuwan, **M.D. 
Sophana Kanchanapilant,* M.D. 
Richard Grossman, MAJ, MC 
Thomas Smith, LTC, MC 
Suchinda Udomsakdi, M.D. 

Associate Investigators: Hilary Evans, MAJf MC 
Phanu Sittisomwongse, D.D.S. 
Salvadore Arellano, SP5 
Samuel Fulton, SFC 

Assistant Investigators: Aree Boriharnvanakett, B.S. 
Chumpan Chavachati, B.S. 
Nonglak Khananuraksa, B.S. 
Panor Srisongkram, B.S. 
Phuangthong Puengkaew, R.N. 
Supatra Chulachumbok, R.N. 
Suvana Vithanomsat, R.N. 

OBJECTIVE:   To study clinical and biochemical abnormalities associated 
with dengue hemorrhagic fever, and investigate more efficient and 
specific virologlcal methods of determining the etiology.   In addition, to 
Investigate ecological conditions which potentially contribute to favorable 
virus transmission by mosquito vectors. 

DESCRIPTION: Previous investigations of dengue hemorrhagic fever have 
provided an epidemiological description of the disease as it occurs in a 

*    Staff Physician, Children's Hospital 
** Director, Children's Hospital 
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relatively isolated (insular) population.   In this situation the fact of 
ecologic isolation apparently restricted annual epidemic disease to a 
single serotype (Annual   Reports 1968, 1969).   In a large urban popula- 
tion such as Bangkok, however, a multiplicity of ecologic situations with 
a large human population would seem to potentially offer totally differ- 
ent conditions. 

The coordinated investigation by a number of different disciplines of 
all children admitted with dengue hemorrhagic fever over the course 
of a year offered the opportunity to study such urban dengue hemorrhag- 
ic fever.   During the year an attempt was made to include all children 
admitted to Children's Hospital, Bangkok.   Upon admission a physi- 
cian recorded a complete history and all abnormal physical findings. 
Specimens were collected for hematology, clinical chemistry, serology 
and virus isolation.   Complete blood counts, urinalyses, platelet 
count, bleeding time and prothrombin and partial thromboplastin times 
were measured.   The battery of chemistry determinations included BUN, 
sodium, chloride, CO2, gJacose, SGOT, SGPT, LDH and isozymes, 
bilirubin, total protein and protein electrophoresis. 

Home environment, family history, epidemlologic information and mos- 
quito populations were assessed on the day of admission by a home 
visit.   This team consisted of public health nurses   and entomology 
technicians.   Background information concerning the present illness, 
past medical history, family history and a general description of perti- 
nent features of the home environment was recordea, and interview 
and sera collected from family members.   Indoor daytime collections of 
Aedes aeovpti mosquitoes resting or bitting and by pyrethrum spray 
knock-down were done, identified, and then frozen for virus isolation 
attempts.   Artificial water containers in aid around homes were enu- 
merated and the number containing larvae recorded, and a representative 
sample collection recorded for identification.   Mosquito evaluations 
included both the patient's home and the 10-20 immediately surrounding 
homes, in as many instances as possible. 

A specific virus etiology was sought in each case. Acute sera were 
cultured for virus, and acute and convalescent sera from the patient 
and members of his family were tested serologically by HI, CF, and 
in some cases, neutralizing antibody. 

Available evidence, obtained in this laboratory during the past several 
years, indicates that the lesion of dengue hemorrhagic fever is the 
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result of host hyper sensitivity or immunity to dengue virus antigen. 
Immunologie data indicate that children with severe hemorrhagic fever 
have had previous experience with members of the dengue virus com- 
plex.   This experience is reflected in the early appearance of high- 
titered, broadly-reactive group B antibody, and the rapid clearing of 
dengue virus from the circulation.   The latter has been interpreted 
to mean that the virus is bound by antibody, and that "immune-com- 
plexes" of antigen, antibody and complement reacting on the surface 
of endothelial cells may result in cellular injury.   As part of the pre- 
sent study direct evidence for the presence of cytophilic antibody in 
hemorrhagic fever was sought utilizing specimens obtained from hos- 
pitalized children.   In addition the persistence of dengue virus other- 
wise obscured by antidengue antibody was sought in cells of the 
reticuloendothelial and lymphoid systems. 

PROGRESS:   During the study period April 1969 to March 1970, 273 
patients were admitted to the study.   This represented 68% of the 406 
total cases clinically diagnosed at Children's Hospital during this 
period, most of those not studied havL. • been private patients.   Of 
these 273 patients, 210 were confirmed in the laboratory as dengue 
infections (see below).   The monthly admission rates are shown in 
Table 1, along with the age distribution of cases.   For comparison, 
the number of cases admitted to 16 other hospitals in Bangkok-Thonburi 
during 1968-1969 is also shown. 

Of the 273 total cases 118 were male and 155 female, 31 of the cases 
were fatal, or 11.4%.   Of the fatal cases, mean age was 6.5 years 
and median age 5.0 years, with the patients dying an average 3.7 days 
after hospitalization. 

Cases admitted were diagnosed serologically according to previously 
described criteria (see Annual Report 1968).   A summary of serological 
results are shown in Tables II and III.   Of cases with dengue shock 
syndrome all 32 showed a secondary type serological response, where- 
as 4 of hemorrhagic fever cases showed a primary, and 165 a secondary, 
response. 

A summary of clinical features is shown in Table IV with special 
emphasis on hemorrhagic and hematological features.   Table V shows 
results of fibrinogen and lactic dehydrogenase (LDH) isoenzyme 
determinations.   The homes of 189 patients were visited as soon after 
admission as possible by public health nurses for family histories 
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and blood sample collection from family members, and 147 homes 
were visited by an entomological field team.   As shown in Table VI, 
14% of family members on whom paired sera were available had 
evidence of concomitant dengue virus infection. 

Virus isolations were attempted from four sources: 

1. mosquitoes collected in and around the patient's house; 
2. from acute phase sera of the patient; 
3. autopsy specimens in fatal cases; 
4. bone marrow aspirates during the acute phase. 

A summary of virus isolates is presented in Table VII.   Dengue 2 virus 
was most commonly isolated with 23 isolates, followed by 11 strains 
of dengue 3, 3 Chikungunya and one each dengue 1, Sindbis and un- 
known.   At the time virus was present in the bone marrow it was also 
recovered from the blood of two patients. 

Additional mosquito collection data is presented in the SEATO Medical 
Project on Mosquitoes report. 
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Table 1.   Monthly admission rates and age of patients. 

Month No. Patients Age 

April 1969 1                   17 6 Zl yr 

May 28 7 1 

June 36 15 2 

July 43 26 3 

Aug 36 22 4 

Sept 20 26 5 

Oct 16 29 6 

Nov 10 13 7 

Dec 4 15 8 

13 9 

15 10 

23 >11 

16 other Bangkok-Thonburi hospitals : 

Jan  Feb Mar Apr May June July Aug Sept Oct Nov Dec 
1968 62      32    38    44    68    104    209 214 357 272 242  252 
(1894) 
1969 278    174  156 170 241   310    497 516 500 358 141    48 
(3,342) 
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Table 11.   HI Serology Summary (N = 273 Cases) 

No. 
Cases 

%of 
Grand 
Total 

Dengue 
Isolates' 

CHKUNGUNYA 
Dengue Status No. Sero- 

Positive 
CHK 

Isolate 

Primary Response 

Secondary Response 

a) 2° rise or fall 

b) Fixed Positive 

Dengue Unclassifiable 

4 

197 

157 

40 

9 

1.6 

81.4 

64.9 

16.5 

3.7 

r 

Iir(2) 

III 

5 

4 

1 

- 

Total Dengue Positive 210 86.8 4 5 
1 

- 

Total Dengue Negative 

a) True Negative 

b) Fixed Negative 

32 

17 

15 

13.2 

7.0 

6.2 

1 

11 

5 

3 

2 

3 

2 

1 

GRAND TOTAL 242* 100.0 5 10 3 

* Of the 31 cases with inadequate specimens, 30 were rapidly 
fatal cases. 

Notes : 
(1) Of Dengue positive 1.9% had 1   response 

93.8% had 2° response 
(2) Proportion of case with CHK diagnosis = 5/242 = 4.1% 
(b)    Proportion with CHK and Dongue diagnosis - 5/242 

= 2.1% 
(4)   Proportion of non-fatal study cases with serologic 

.liagnosis of Dengue and/or CHK = 215/242 =88.8% 
Thus the % nonfatal cases undiagnosed = 11.2% 
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TABLE VII.   Virus Isolates 

j                          Source Virus No. Strains 

I                         A# aegypti dengue 2 13 

dengue 3 8 

C. quinquefasciatus dengue 2 1 

Sindbis 1 

unknown* 1 

|                         Acute sera dengue 1 1 

dengue 2 3 

dengue 3 3 

Chinkungunya 3 

Lymph node dengue 2 3 

[                         Bone marrow dengue 2 3 

♦not neutralized with dengue 1-4, JE, Chik, Sindbis, Batai or 
Wesselsbron antisera. 
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Combined Investigation of Central Nervous System Infection in 
Bangkok Children. 

Principal Investigators:   Curtis Bourgeois, Jr., LTC, MC 
Douglas Gould, Ph.D. 
Lloyd Olson, MAJ, MC 
Pethai Mansuwan,* M.D. 
Rapin Snitbhan, M.D. 
Ratana Rattanawongse, M.D. 
Richard Grossman, MAJ,   MC 
Suchinda Udomsakdi, M.D. 
Thanomchlt Suwapant, M.D.** 
Thomas Smith, LTC,   MC 

Associate Investigators: Milton Willhight, SFC 
Phanu Slttisomwongse, D.D.S„ 
Salvadore Ai«llano, SP/5 
Samuel Fulton, SFC 
Sumitda Narupiti, B.Sc. 

Project Coordinator: Thomas J. Smith, LTC, MC 

OBJECTIVE;   To determine the relative incidence of encephalitis occurring 
in Bangkok children, the spectrum of clinical disease, and 
etiological agents associated with the disease. 

DESCRIPTION; At the present time essentially no information is available 
on the causes of CNS infections in the urban population of Bangkok.  A 
number of arboviruses are known to be present, but their behavior with 
respect to this form of disease is unknown.   For example, instances of 
dengue hemorrhagic fever with CNS symptoms are not unusual, and the 
wide variety of ecological situations present in the sprawling metropolitan 
area of Bangkok potentially offers suitable microhabitats for a full range 
of mosquito vectors.  At the same time the population is exposed to a very 
high infectious force by enteroviruses known to be present as a result of 
the watery environment heavily contaminated by lack of developed sewage 
and refuse disposal systems.   Finally, the syndrome of encephalopathy 
and fatty degeneration of the viscera is known to occur to an unknown 
extent in Bangkok, even though in northeastern Thailand this syndrome 
follows an almost exclusively rural distribution. 

* Director, Children's Hospital, Bangkok 
** Staff Physician, Children's Hospital, Bangkok. 
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To evaluate these and other aspects of encephalitis, all children admitted 
to Children's Hospital with this admission diagnosis or aseptic meningitis 
or poliomyelitis were studied.   History and physical examination data 
were recorded on a standard form, blood obtained for hematology, chemis- 
tries and acute sera, and specimens obtained for attempted virus Isolation. 
A home visit was made the same day for family history, assessment of the 
environment and mosquito collection.   In fatal cases, where possible, an 
autopsy was performed to obtain an anatomical diagnosis and tissue for 
virus isolation attempts.   In survivors, convalescent sera were obtained 
for serological studies. 

PROGRESS; During the period April 1969 to March 1970, 64 patients were 
admitted with a presumptive diagnosis of non-bacterial infections of the 
central nervous system.   Twenty-four (38%) of these were fatal, but only 
eleven were autopsied.   A paucity of clinical data, lack of Information on 
hospital course, and limited number of clinical investigations also contri- 
bute to difficulties in establishing a definitive diagnosis.   Fifty-eight 
were admitted with suspected encephalitis with only 6 admitted with asep- 
tic meningitis and 2 with poliomyelitis.   Other syndromes subsequently 
established (clinically) but initially diagnosed as encephalitis Included 
febrile convulsions, infantile beri-beri, shiggellosis, tuberculous menin- 
gitis, purulent meningitis and hepatic coma.   Only 34 patients were from 
Bangkok-Thonburi, the remainder from outlying provinces as distant as 
Pitsanuloke and Mahasarakarm. 

From analysis of admission history and physical examination, ten patients 
met the criteria as established for EFDV syndrome, outlined elsewhere in 
this report.   Seven were from the metropolitan area.  All ten died within 
two days of admission. 

Only one arbovirus was isolated from mosquitoes collected in the homes 
of 21 encephalitis patients; a dengue 2 was isolated from Aedes aegyptl. 
Of paired sera available on 20 patients two were positive for recent group 
B arbovirus infection.   Neither patient was from the metropolitan area; 
one was from Chachoengsao and the other from Samutprakarn and both sera 
were broadly reactive and not specific for JE virus.   Paired sera were 
available from 17 family members of the patients in this series.   Only one, 
the mother of a patient from Bangkok, showed evidence of recent infection 
with a group B arbovirus.   Thus, evidence of arbovirus participation in 
CNS infections of Bangkok children is virtually negative. 

CSF and throat and rectal swabs were received from all patients, as well 
as 63 specimens of tissue from the eleven autopsied cases.   Twenty-four 
isolates were made from 17 patients, and are shown in Table VIII.   An 
enterovirus etiology is thus suggested on at least nine of the patients. 
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In addition, sera collected from 19 other patients showed an increase In 
poliovirus antibody in five patients: two to polio type 1, and 3 to polio 

type 2, 

TABLE VIII.  Virus isolates from patients with CNS infections. 

Patient 
21 
27 
45 
58 
64 
65 
73 
83 

104 
164 
170 
185 
227 
299 
3Gi 
181 
313 

Specimen 
RS 
RS 

CSF, brain, RS 
TS.RS 
TS 
RS 
TS 
TS 
RS 
RS, TS 
RS 
TS 

TS, RS, CSF 
RS 
RS 
TS 
TS 
RS 

RS = rectal swab; TS = throat swab 

Isolate 
Unidentified enterovirus 
echo 17 
unident. enterovirus 
myxovlrus 
CMV 
echo 22 
CMV 
unident. enterovirus 
Coxsackie B3 
unidentified 
echo 6 
unidentified 
Coxsackie 34 
incomplete 

ii 
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Bangkok Dengue Vectors 

Principal Investigators :   Douglas J. Gould, Ph,D. 
Richard A. Grossman, MAJ, MC 
Thomas J. Smith, LTC, MC 

Associate Investigators :  Salvador Arellano, SP 5 
Samuel E. Fulton, 8FC 

Assistant Investigators :   Attaya Boonyakanist 
Vichit Phunkitchar 
Chamnong Noigamol 

INTRODUCTION :   The study described below was part of a 
collaborative investigation into the epidemiology of dengue 
hemorrhagic fever in the Bangkok-Thonburi metropolitan 
area carried out together with the Departments of Epidemiology 
p'.-: '. Lology.   Pertinent epidemiological and virologic aspects 
ux inis study are to be found in the reports of the above departments. 

OBJECTIVES :   To determine the relative density of dengue vector 
populations in the vicinity of houses of dengue hemorrhagic fever 
patients admitted to Children's Hospital and to collect mosquitoes 
from these sites for virus isolation attempts, 

DESCRIPTION :    Collections of adult mosquitoes for virus isolation 
attempts were made in the houses of dengue hemorrhagic fever 
patients admitted to Bangkok Children's Hospitals and in at least 
nine houses adjoining or near the patients' houses.   Indoor daylight 
collections of mosquitoes, were made by human biting collections 
and/or the pyrethrin-spray knockdown   technique in these houses. 
Mosquitoes collected by these methods were identified, frozen in 
pools of suitable size and forwarded to the Virology Department 
for virus isolation attempts.   All artificial containers inside and 
around all houses visited were examined for mosquito larvae and 
the number of infested containers and species of mosquito recorded. 
The sources of blood-meals taken by engorged mosquitoes in the 
pyrethrin-knockdown   collections were determined by the agar-gel 
diffusion test. 
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PROGRESS :    Between 11 April 1969 and 25 March 1970, 3952 
pools containing a total of 6504 A. aegypti and 3927 pools 
containing a total of 84,339 C. quinquefasciatus, collected from 
houses in the Bangkok-Thonburi area, were submitted to the 
Virology Department for virus isolation attempts.  These 
mosquitoes were collected from 3147 houses; 307 of these were 
houses of dengue hemorrhagic fever cases and the balance were 
houses adjoining or located nearby the case houses.  Dengue 
viruses were isolated from 20 of the A. aegypti pools; 14 of 
these were dengue type 2 and the other were dengue type 3.   One 
pool of C, quinquef asciatus yielded a strain of Sindbis virus. 
Only 5 of the above isolates came from case houses,while the 
balance of positive pools came from nearby houses, which were 
located at distances of from 1 to 30 meters from case houses. 
All of the isolations came from mosquitoes collected between 
May and November 1969, and the majority of isolations (16/20) 
were made from mosquitoes coller+ed during the rainy season 
(June-October).   Agar gel diffusic: i,ests on engorged mosquitoes 
from pyrethrin-knockdown collection indicated that all 110 A. 
aegypti tested had fed on humans; 56 per cent of engorged 
C, quinquef asciatus had fed upon humans, 31 per cent on dogs 
and 6.5 per cent on chickens.  Analysis of larval and adult 
mosquito population data accumulated during this study is 
presently underway. 
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Laboratory Study of Arboviruses 

Principal Investigators: Ananda Nisalak, M.D. 
Dephanom Muangman, M.D., D.P.H. 
Pairatana Gunakasem, M.D. 
Suchinda Udomsakdi, M.D. 
Thomas J. Smith, LTC, MC 

Associate Investigators: Phanu Sittisomwongse, DDS 
Wattana Wattanavicharn, M.Sc. 

Assistant Investigators: Anan Boonkanoke 
Aree Boriharnvanakett, B.S. 
Chumpan Chavachati, B.S. 
Jiraporn Supavadee, B.S. 
Laddawal Sookcharoen, B.S. 
Ming Choohong 
Moragot Tanticharoen, B.S. 
Panor Srisongkrc    , B.S. 
Pranom Tuntrakou    B.S, 
Suwanna Vithanomsat, B.S. 

OBJECTIVE;  To investigate basic biological properties of the arboviruses, 
with particular reference to dengue viruses. 

DESCRIPTION; Many strains of dengue 2 virus Isolated from mosquito 
pools in 1967 epidemic of hemorrhagic fever at Koh Samui Island showed 
a mixture of small and large plaque size viruses on LLC-MK2 cell culture. 
Pure cultures of small and large plaque viruses were prepared from strains 
BKM 551 in stock culture by methods as previously described.   For the 
purpose of biological studies in various tests these two viruses were de- 
signated as SP-BKM 551 and LP-3KM 551 viruses.   The passage level of 
MK2 seed of SP-BKM 551 and LP-BKM 551 viruses used in these studies 
are the 13th and 14th. 

PROGRESS;   From the results of previous reports, SP-BKM 551 and LP-BKM 
551 viruses were proved to be dengue 2 viruses but SP-BKM 551 was neu- 
tralized by monkey antlserum prepared from dengue 2 (NG-C) virus at a 
significantly less degree than LP-BKM 551.   The other evidence that SP- 
BKM 551 and LP-BKM 551 are dengue 2 virus strains is that dengue 2 (NG 
-C) are neutralized to the same degree by monkey antlsera immunized with 
SP-BKM 551 and LP-BKM 551 viruses. 

One-day old mice inoculated with 5-530 PFU of SP-BKM 551 virus showed 
no sign or symptom but developed resistance to intracerebral challenge dose 
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of 200-10,000 mouse LD50 of dengue 2 (NG-C) virus 21 days after 
inoculation. Mice inoculated with 3-300 PFU of LP-BKM 551 virus 
showed sickness and death 8-10 days after inoculation. 

In addition to the above studies small plaque size virus can be demon- 
strated in brains of infected mice after inoculation with SP-BKM 551 virus. 

To exclude the contamination of dengue or other viruses in the seed of 
SP-BKM 551 virus, many attempts have been tried to illustrate SP-BKM 
551 virus seed is a pure population. 

1. After several passages in MK2 cells there is stability of plaque 
size from passage 8 to passage 24. 

2. LP-BKM 551 virus was introduced into SP-BKM 551 virus in differ- 
ent PFU ratios and the pools were inoculated intracerebrally into one-day 
old mice.   The results shown in Table 1 illustrate when 0-30 PFU of LP- 
BKM 551 mixed with 240000 PFU of SP-BKM 551 deaths in mice occurred. 
None of the mice receiving 240000 PFU of SP-BKM 551 virus showed 
sickness or deaths. 

3. From the results previously reported, three blind-passages of 
1:10 dilution of 10% mouse brain suspension revealed no sickness or 
death in inoculated mice. 

4. SP-BKM 551, LP-BKM 551 and BKM 551 (parent strain of SP and 
LP virus befoie cloning) were passed 4 times in one-day old mice.   HA 
antigens were prepared by the sucrose acetone method from infected mouse 
brain for each of the three viruses and were tested against mouse immune 
ascetic fluids prepared against each of the four dengue serotype. 

HI results are shown in Table 2, and indicate that all are identical to 
each other and to New Guinea C prototype, 

When infected mouse brain suspensions of SP-BKM 551 virus, mouse 
passage 4, was tested with specific dengue monkeys antisera type 1, 
2, 3 and 4 by plaque reduction neutralization test, neutralization ratios 
were 15/640, 640/640, 10/8 and 15/400, respectively. 

5. SP-BKM 551 virus from mouse passage 4 was used to immunize 
monkeys.   Viruses were recovered from viremlc monkeys and reinoculated 
into another monkey.   Virus was also recovered from the second monkey. 
Sera at two-month bleeding were tested for type-specific dengue anti- 
bodies.   The results in Table 3 indicate SP-BKM 551 from 4th mouse 
passage, first monkey passage and second monkey passage showed the 
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same neutralization ratio when tested against dengue specific monkey 
antisera. 

The first and second passage monkey isolates showed the same specific 
antibody response against dengue 2 virus as shown in Table 4. 

Shifting of smalljplaque size to large Jjlaque size. 

Purification of small and large plaque virus for a pure clone was done 
with passage 8 of mixed-plaque BKM 551 virus.   When the small plaque 
and large plaque were passed in MK2 cells up to passage 24, the two 
viruses showed stability in plaque size, but there is evidence of shifting 
of small plaque size to large plaque size when the hosts were changed 
from MK2 cells. 

1. MKo seed of SP-BKM 551 virus Was passed subcutaneously and 
Intravenously into a monkey and then the viruses recovered from viremic 
blood were passed into another monkey.  After the first monkey passage, 
the virus recovered from viremic blood was large plaque variant.   The 
virus recovered from viremic blood of the second monkey shows the same 
large plaque size as that of the first monkey. 

2. SP-BKM 551 virus was passed intracerebrally in one-day old mice 
with the appearance of large plaque size virus on mouse passage 4. 

Changing of mouse virulence after monkey passage of SP-BKM 551. 

There is an increase in mouse virulence after monkey passage of SP-BKM 
551 prepared from MK2 cells.   Two consecutive inoculations of monkeys 
by subcutaneous and intravenous route were done as described.  In Table 
5 the virus recovered from first viremic monkey showed mouse adaptation 
on second mouse passage, but at first only 1 of total 16 died on first 
mouse passage. When the first monkey virus was passed into another 
monkey, the virus recovered from viremic blood of the second monkey 
caused death in all inoculated mice at first mouse passage. 

The studies of the challenge virus resistance in mice after IC inocu- 
lation of SP-BKM 551 (MK2-14), 

Table 6 illustrates the results of challenge 21 days after IC inoculations 
of dilution of small plaque virus in newborn mice.   Such mice resist 
IC challenge not only to dengue 2 New Guinea Cf but also to chikungunya 
virus, a Group A arbovirus.   While the protection endpoint was missed in 
this experiment, it can be seen that protection against challenge virus 
corresponds fairly closely to the estimated intracerebral dose as expressed 
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in terms of PFU, measured by a simultaneous titration of the inoculum in 
MK2 cells. Serum antibody was measured in some of these mice at time 
of challenge, and the results are shown in Table 7. 

While low levels of antibody could be detected against dengue 2 virus in 
mice, which received the largest inoculum of small plaque virus (4 x 10 
PFU), no chikungunya antibody could be detected, nor could dengue anti- 
body be measured in any of the mice which received higher dilutions of 
small plaque virus.  Thus, it would seem that the protection of mice on 
day 21 is not the result of antibody against challenge virus.   Virus content 
of brain tissue was measured during the same experiment on day 7, 14 and 
21 following inoculation of small plaque virus, and the results are shown 
in Table 8. 

At each interval, small plaque virus could be detected in brain tissue of 
mice which received doses ranging from 400,000 to 4 PFU, providing 
evidence for multiplication of the virus.   It is clear from this table that 
titrations of brain tissue do not show a ten fold reduction in virus content 
corresponding to ten fold dilutions of the tissue, and this has been ob- 
served in several experiments.   In fact, in some experiments very little 
or no virus can be detected in undiluted samples of brain tissue, suggest- 
ing that this virus demonstrates the phenomenon of autointerference. 

It has been shown that no SP virus is detectable in the mouse brain after 
inoculation with a high dose (400,000, 40,000 and 4,000 PFU) but SP 
viruses persist in mouse brain inoculated with lower dose up to day 21 
of inoculation. 

The inoculated mice in every group inoculated with various doses from 
4-400,000 PFU developed resistance to challenge virus so that simple 
persistence of SP virus in mouse brain is probably not the basis of pro- 
tection . 

Interferon studies in mouse brain inoculated with SP-BKM 551 virus. 

Interferon-like substance was prepared from mouse brain harvested at 
interval after inoculation of SP-BKM 551 (MK2-14), LP-BKM 551 (MK2 
-14) and dengue 2 (NG-C) intracerebrally into one-day old mice. 
Twenty percent brain suspensions were centrifuged at 40,000 rpm for 
4 hrs.   The supemates were dialyzed in Hank's ESS at pH 2,0 for M hrs. 
and dialyzed back at pH 7.4 for 12 hrs.   The preparations were found 
to be free of infectivlcy by plaque methods in MK2 cell cultures.   L cells 
were used in assay of mouse Interferon. 

To test Interferon activity, 2.0 ml dilutions of each preparation were left 
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for 18 hrs on cell sheets.   After one washing with Hank's BSS, challenge 
viruses (Sindbis (cgLt 599) for L cells and Chikungunya (Ross) for MKg 
cells) were inoculated onto cell sheets in the dose of 30-100 PFU. 
Other plaque techniques followed the methods of dengue plaque on LLC- 
MK2 cells. 

The results illustrated in Table 9 reveal   Interferon action is probably 
not a mediator of mouse challenge virus resistance after SP-BKM 551 
(MK2-14) inoculation.   The peaks of virus titer, challenge virus resist- 
ance and Interferon titer appeared on day 14.   There was decrease in 
virus titer and Interferon to undetectable levels by day 35. 

The mouse challenge virus resistance on day 35 without detectable virus 
and Interferon in brains suggests other mechanisms as another role in 
mouse immunity developed after SP-BKM 551 (MK2-14) inoculation.   In 
Table 5 LP-BKM 551 (MK2-14) and dengue 2 (NG-C) showed Interferon 
titers of 1:2560 and 1:10240.   SP-BKM 551 (MK2-14), which caused no 
symptom   in mice, produced Interferon to a titer of only 1:80. 

The Interferon preparations of SP and dengue 2 (NG-C) showed no effect 
on MK2 cells.  Other physical properties of Interferon of SP virus from 
mouse brain are being studied. 

Studies of the production of Interferon and virus titer in mouse brain at 
interval of time after high and low doses of SP-BKM 551 on successive 
passages are in progress.   The studies on mouse lethality of SP-BKM 
551 are one of the main interests of this investigation because of its 
apparent determinant of virulence. 
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Table 1.    Results of Mouse Mortality from Inoculation of Fools of 
SB-BKM 551 and  LP-BKM 551. LP-BKM 551 and SP-BKM 551 
Viruses. 

Dose of Pool of 
LP-BKM 551 and 

SP-BKM 551 (FPU) 

Dose of 
1          LP-BKM 551 

I              (fPU) 
SP-BKM 551 (IPU) 

LP            SP Mortality LP         Mortality SP 
5000      240000 8/8 8/8 5000      8/8 3/8 240000      0/8       0/8 

500         240000 8/8 8/8 500        8/8 8/8 240000      0/8       0/8 

50           240000 7/8 8/8 50          6/8 6/8 

5             240000 2/8 2/8 5            6/8 3/8 
0            240000 | 1/8 0/8 0            2/8 2/8 

Mortality ratio represents Deaths/Total inoculated 

Table 2.    Hemagglutination-inhibition by Dl-4 Immune Ascetic Fluids 
of D-2  (NG-C), BKM 551» LP-BKM 551 and SP-BKM 551 antigens. 

Prototype 
Immune 

Reciprocal HI Titer of Ascitic Fluid Against Indicated 
Antigen 

Ascetic Fluid D-2  (NG-C) BKM 551 LP-BKM 551 SP-BKM 551 

D-l 

D-2 

D-5 

D-4 

80 

1280 

160 

80 

520 

1280 

160 

520 

80 

1280 

160 

80 

160 

2560 

160 

520 

Table 5«    Plaque Reduction Neutralization of Virus Recovered from 
2 Monkey-passages of SP-BKM 551 at Fourth Mouse-passage. 

Virus from Antisera 

Monkey Passage Dengue 1 Dengue 2 
1 

Dengue 5 Dengue 4 

Passage 1 

Passage 2 

Homologous Tiber 

<10 

10 

640 

140 

640 

640 

<10 

<10 

80 

<10 

<10 

400 
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Table 4*    intibody Response of Monkeys Inoculated with Mouse 
Passage 4 of SP-BKM 551 Virus. 

- 

Monkey Passage 
Level 

Reciprocal 50^ Plaque Reduction 
Against Indicated Virus 

Dengue 1 Dengue 2 Dengue 3 Dengue 4 

Passage 1 

Passage 2 

Homologous titer 

80 

30 

640 

>640 

550 

640 

10 

no 
60 

60 

45 
400 

Table 5.    Mouse Bathogenicity of SP-BKM 551 After Tiro Passages 
in Monkeys. 

Monkey 
Passage 

Mouse Ifessage (intracerebral) 

First Second I              Third 

Mortality Virus 
Titer 
(PPU/O.3 
gm.)  of 
Mouse 

; Brain 

Mortality j Virus 
Titer 
(TFU/0.3 
gnu) of 
Moub» 
Brain 

! Mortality Virus 
Titer 
(PPU/O.3 
gm.)  of 
Mouse 
Brain 

(800) 

Before 0/6* 

j 

4.0xl02*7 0/8 2.3xl05,7 0/8 5xl05*7 

monkey 

passage 

First 
(56) 

0/8      l/S 1.1x105-5 8/8      8/8 1.9xl05,2 8/8 8/8 4.6xl07,5 

passage 

(60) 

Second 8/8      8/8 1.3xl05,5 8/8      8/8 2.0xl07*5 8/8 8/8 2.öxl07,5 

fttssage 

Mortality ratio represents deaths/total inoculated 

(    )    Indicates WÜ dose of mouse intracerebral inoculation 
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Table 6.    Challenge Virus Resistance in Miee 22 Days after 
IC Inoculation of BKM 551-SP (MK2-14). 

Inoculum 
Dilution of 
(BKM 551-SP) 

Estimated 
IC Dose 
(FPU/0.5 Ml) 

Mortality 

21 Days after 
BKM 551-SP Inoc, 

11 Days after Challenge 
with>10,000 Mouse U) of 

D-2  (NG-C) Chikungunya 

Undiluted 400,000 0/24* 0/8 0/8 

-1 40,000 0/24 0/8 0/8 

-2 4,000 0/24 0/8 0/8 

-3 400 0/24 0/8 0/8 

-4 40 0/24 0/8 0/8 

-5 4 0/24 2/8 0/8 

Number dead/Number inoculated 

Table 7.    Antibody Response 21 Days After Inoculation of 
BKM 551-SP (MK2-14) in Newborn Mice. 

Inoculum 
(Dilution of 

Estimated 
IC Dose 
(PPU/0.03 Ml) 

Reciprocal 50^ Plaque Reduction 
Titer Against Indicated Virus 

BKM 551-SP) 
D-2  (NG-C) Chikungunya 

Undil 400,000 40 <10 

-1 40,000 20 <10 

-2 4,000 <10 <10 

-5 400 <10 <10 

-4 40 <10 <.10 

-5 4 <10 <10 
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Table 3.    Correlation of Virus Titer, Challenge Virus Resistance and 
Interferon Titer in One-day Old Mice Inoculated Intra- 
cerebrally with SP-BKM 551 (MK2-14). 

Day of 
Inoculation 

Virus Titer 
PPU/0.3 gm 
Brain 

Day After Challenge 
with5l0,000 Mouse 
TlP    of Chikungunya 
Virus 

Interferon in e.o. 
of 10^ Mouse Brain 

ml 

1 0 8/8* *10 

2 105-0 
8/8 <10 

3 2.2xl03,0 8/8 *10 

4 2xl03,0 8/8 «10 

5 1.7X104-0 7/8 *10 

6 1.4X104-0 3/8 <10 

7 3.2xl04-0 2/8 20 

14 l.OxlO6*7 0/8 80 

21 l.OxlO5*7 0/8 1                    20 

28 0.6xl01,0 0/8 !                           0 

55 0 0/8 I                     0 

** 
Mortality ratio " Deaths/Total inoculated 

Reciprocal 50^ plaque reduction of interferon dilutions to CgLt 599 

Table 10.    Effect of Interferon Preparation from SP-BKM 551, LP-BKM 551 
and Dengue 2  (NG-C) to L Cells and MK» Cells. 

Reciprocal 5°?^ Plaque Reduction of Interferon Dilution 
Viruses 

L Cells MF^ Cells 

SP-BKM 551 80 <10 

LP-BKM 551 2560 

(MI^-U) 

Dengue 2 
(NG-C) 

10240 <1»20 

Challenge virus after interferon Px « CgLt 599 

Challenge virus after interferon P.. ■ Chikungunya (Ross) 
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Longitudinal Surveillance of Respiratory Viruses in Bangkok 

Principal Investigator:   Lloyd C. Olson, MAJ,   MC 

Assistant Investigators:   Pranee Slthisarn, B.S. 
Prapal Thong-Ngarm, B.S. 

OBJECTIVE;  To determine over an extended period of time which viruses 
are associated with respiratory Illnesses in children in Bangkok. 

DESCRIPTION: During the period January 1968-April 1969, 476 children 
with respiratory Illnesses were studied for nasopharyngeal microorganisms. 
Paired sera were collected during acute and convalescent phase of Illness 
and tested for a variety of antibodies to known respiratory viruses.   A gen- 
eral summary of viruses isolated and significance of the high frequency of 
cytomegalovlrus was reported in the Annual Report of April 1969. 

PROGRESS: Virus isolation and identification and serological testing has 
been completed on all patients.   Four hundred and three (403) of the 476 
patients studied suffered from clinically uncomplicated febrile upper res- 
piratory illnesses.   Thirty-nine also showed exanthems (13 clinically 
consistent with rubella, 8 with rubeola and 18 "non-specific"), 19 had 
associated diarrhea, 8 bronchitis, 2 pneumonltis, 3 herpanglna, and one, 
pertussis. 

Viruses isolated and serological results are shown In Table 1,   Not con- 
sidering cytomegalovirus, a potential etiologic agent was identified in 38% 
of the cases»   The most common infectious agents identified were the para- 
influenza viruses (15,5%) followed by approximately 5% each with adeno- 
viruses, respiratory syncytlal and Influenza A2 viruses. 

By calculating the age - specific incidence of antibody, some appreciation 
of the transmlssibility of various respiratory agents in the local population 
can be gained.   Table 2 outlines such data for six agents.   In general these 
data agree with that found in temperate zone countries. 

Analysis of clinical data showed no correlation of peripheral white blood 
cell counts with nasopharyngeal flora (bacterial and/or viral), nor was 
there any correlation between recovery of a given virus and the presence 
of a certain species of bacteria, 

SUMMARY; Paralnfluenza viruses were found to be the respiratory viruses 
most commonly associated with febrile upper respiratory tract infection in 
Bangkok children, accounting for approximately 15% of Infections.   Adeno- 
viruses, respiratory, syncytlal and rhinovlruses each account for 5% of 
infections.  Age-specific antibody incidence suggest most respiratory 
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viruses circulate through local populations in a manner similar to that 
found in temperate zone countries. 

Table 1,   Summary of virus isolation and serological results by 
month of study. 

Viruses Isolated 
Additional Positives 
by Serology 

Month No. Cmv Aden Pflu Rhino RubjCox.B Flu ^lisc* AdjRS 
i     1 

HS Pfl Flu 

Jan 27 6 i 2 4       2 1 Sera 

Feb 52 10 2 2 5 Not 

Mar 57 9 7 4 1    2 Available 

Apr 22 

29 

6 

3 

1 2 

6 1 

1 

2 May 2 2 2 

June 49 10 3 15 1 1 5 2 1 

July 45 11 2 5 5 1 1 8 1 7 

Aug 23 1 1 1 1 9 1 7 

Sep 35 3 1 8 1 9 

Oct 14 1 7 

Nov 23 3 6 1 3 

Dec 28 2 1 1 1 1 1 

Jan 31 7 2 2 1 2 

Feb 25 1 2 1 1 

Mar 17 ! 2 6 i 1 

476 1 68 15 58   j 8    |6 

1,   .          1 
11 17 7 7 

 1 

24 3 16 21 

* Includes two herpes simplex, and one each polio 2, echo 18 f RS, 
reovirus 1, and rubeola 
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Table does not Include ten Instances of dual Infection, and 4 serologl« 
cally proven measles,   Adenovlruses Isolated: type 1 (1); type 2 (3); type 
3 (6); type 5 (4) and type 11 (1).   Parainfluenza viruses:   type 1 (22); 
type 2 (11); and type 3 (25), 

Table 2,   Age-specific Incidence of antibody 

No, 
% with antibody to: 

Age H.S. [    R.S. Adeno Pflu-1 Pflu-2 Pflu-3 

<1 59 4 17 31 34 3 29 

1 78 23 21 49 37 10 23 

2 55 20     { 42 61 49 31 49 

3 38 26     j 47 57 41 34 60 

4 35 40 58 70 63 46 74 

5 17 52     1 39 64 65 30 82 

6-10 43 84 30 61 75 
1 

35 73 
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The Etiology of Lower Respiratory Tract Infections in American Troops. 

Coordinator: Thomas J. Smith, LTC,   MC 

Principal Investigators:      Keith Arnold, MAJ,   MC* 
Lloyd Olson, MAJ,   MC 
Rapin Snitbhan, M.D. 
Thomas Smith, LTC MC 

Assistant Investigators:      Aree Boriharnwannakett, B.S. 
Laddawal Sookcharoen, B.Sc. 
Phanor Srisongkram, B.Sc. 
Sumitda Narupiti, B.Sc. 

OBJECTIVE;   To determine the etiology of non-bacterial pneumonltis oc- 
curing in American troops stationed in the Republic of Vietnam. 

DESCRIPTION;    During the middle period of 1969, a number of patients 
were seen at the 3rd Field Hospital, Saigon, with an unusual form of 
pneumonia.   The syndrome was unusual in the following respects. 

1. The patients frequently presented as a non-specific FUO with 
normal chest X-rays and several days elapsed before the clinical and X- 
ray features of pneumonitis made their appearance. 

2. Many of the pneumonias were severe, associated with hypoxemia, 
pleuritic involvement and effusion with a prolonged (10-14 days) course. 
Complete recovery, however, was the rule, whether the patient was treat- 
ed or not with antibiotics. 

3. Sputum cultures in the majority of patients were negative. 

As a result all patients admitted with, or developing pneumonitis not se- 
condary to other conditions,were enrolled in a prospective study.   Clini- 
cal radiographic and bacteriologic findings were the responsibility of per- 
sonnel at the 3rd Field Hospital and 9th Med. Lab.   Indirect immunofluores- 
cence for bcrub and murine typhus and melioidosis and cold agglutinin 
antibody titers were determined at the 9th Med. Lab.   Sputum cultures for 
virus isolation and acute and convalescent sera were submitted to the 
Virus Dept., SMRL. 

PROGRESS; Paired sera were received from 56 patients, and sputa from 50 
relations are being analyzed by the WRAIR Research Team.   Thirty seven 
sputa have been cultured for viruses, and only one was positive, an influ- 
enza A2 Hong Kong variant being isolated.   All sera have been tested for, 
and were negative 10, OF antibody to respiratory syncytial and adenovirus- 
es.   One serum, in addition to the above, was positive for an increase in 
HI antibody to A2/Hong Kong/68, and one to influenza B/Taiwan/62. 
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Twenty (20) sera pairs have been tested to paralnfluenza types l«-3 and 
were negative. 

Of unusual Interest Is that of the 56 sera pairs tested, 22 showed 
significant Increases of CF antibody to mycoplasma pneumonlae.   Since 
convalescent sera were collected 14 days after admission It might be 
expected that an even larger number suffered from mycoplasma pneumonia, 

SUMMARY;   A serologlcal survey of patients admitted to one hospital in 
Saigon, South Vietnam, with non-bacterial pneumonia revealed 39% were 
probably due to mycoplasma pneumonlae. 

* USA Med Rsch Team (WRAIR) Vietnam 
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Experimental Infection of the Gibbon with influenza virus, 

Coordinator: 

Principal Investigators: 

Thomas J. Smith, LTC,   MC 
Chief, Virus Dept. 

Chalobon Karnjanaprakorn, M.S. 
Dennis Johnsen, MAJ,  VC 
Lloyd Olson, MA]*   MC 
Prayot Tanticharoenyos, DBV,Mo 
Rapin Snitbhan, M.D. 
William Wooding, MAJ,  VC 

Assistant Investigator:   Sumitda Narupiti, B.Sc, 

OBTECTIVE;   To determine the susceptibility of the gibbon to experimental 
infection with influenza A^ viruses as a means of studying antigenic simi- 
larities and specificity of humoral and secretory antibodies formed in 
response to infection. 

DESCRIPTION:    In 1968 a major A2 influenza virus variant appeared in the 
Far East.   Although the agent was subsequently shown to be related, al- 
beit distantly, to earlier Ag strains, biologically it was distinct. 

Thus, the host previously infected with earlier strains of A2 virus, either 
naturally or via immunization, was not protected. 

It is well known that immunity to infection with influenza virus does not 
correlate with the presence or absence of humoral antibody.   It can thus 
be assumed that susceptibility probably depends on the presence of 
secretory antibody in the secretions of that organ constituting the portal 
of entry.   This has been true of measles, parainfluenza polio-viruses. 

The gibbon has been found to be strikingly similar to man insofar as his 
susceptibility and response to infection by a wide variety of human 
pathogens.   Thus the response of the gibbon to intranasally and intrave- 
nously administered strains of A? influenza virus was studied. 

PROGRESS: As a preliminary experiment, two gibbons were inoculated 
intranasally with A2/jap 305/57 virus.   Neither possessed HI or neutralizing 
antibody to this agent at the time they were inoculated.   Neither gibbon 
showed any signs of illness after inoculation, even though one gibbon shed 
virus for one week thereafter, and both developed significant levels of 
neutralizing antibody by three weeks post-inoculation.   Since this suggested 
the virus was not unusually virulent in the host, twenty additional gibbons 
were inoculated according to the following scheme: (five gibbons per group) 
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Group A:  A2/jap 305/57 intranasally 
B: A2/Jap 305/57 intravenously 
C: Ag/Hong Kong/60 intranasally 
D:  A2/Hong Kong/68 intravenously 

None of these gibbons possessed serum neutralizing antibody to either 
agent prior to inoculation.   Following inoculation animals were followed 
for 28 days.   Every fourth day serum was collected from each animal, 
and tracheal washings collected.   No animal showed any signs of clinical 
illness.   Tables 3-6 show results of antibody liters to homologous virus 
in each animal.  All sera were negative to heterologous A2 virus when 
tested for neutralizing (hemadsorption-inhibition) antibody at a 1:10 dilu- 
tion. 

An attempt was also made to characterize classes of serum anti-influenza 
immunoglobulin present in serially collected sera and tracheal washing by 
use of indirect immunofluorescence using anti-IGA, IGG and IGM antisera. 
Considerable technical difficulty prevented accurate determination, includ- 

ing antiserum cross-reactivity between monkey renal cells and virus 
grown in this system   and degree of dilution of tracheal washing specimens. 

Two to three weeks after inoculation of this experimental group, signs of 
upper respiratory tract infection began appearing in other members of the 
gibbon colony. During the subsequent five weeks, approximately 30% of 
the 120 members of the colony were clinically affected. Nasopharyngeal 
swabs were collected from twelve animals, and A2/ Hong Kong/68 influenza 
virus were recovered from 5, 

During the epidemic four animals died.   Two of these were in the experi- 
mentally inoculated group who died 30 days after inoculation.  Autopsy 
findings were virtually identical to those seen in primary human influenza 
pneumonitis.   The other two animals died during acute respiratory diseases. 
Autopsy findings in these animals were similar to that seen in humans with 
influenza complicated by superimposed bacterial infection. 

A serological survey suggested that A2/H.K./68 was widely disseminated 
throughout the colony during this epizootic.   Approximately 80% of animals, 
where adequate pre-and post epizootic sera pairs were available, showed 
evidence of infection.   Table 7 illustrates antibody titers found in the colo- 
ny before and after the epizootic   and does not include the 22 animals ex- 
perimentally infected with the virus. 
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Table 7.    Gibbon Colony HAI antibody to A2/Hong Kong/68 influenza virus 

Serum litre 
< ] 20 

40 

80 

160 

320 

640 

:1280 

Number of Gibbons 

Pre-epizootic Post-epizootic 

18 

6 

13 

none 

14 

10 

17 

26 

22 

1 

2 
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Ecology of Arboviruses in Thailand 

Principal Investigators:   Joe T. Marshall, Ph.D. 
Ananda Nisalak, M.D. 
Thomas J. Smith, LTC,   MC 
Harold E. Stark, Ph.D. 
James E. Williams, CPT, MSC 

Associate Investigators: Anan Boonkanoke 
Pranom Tuntrakool, B.Sc. 
Somsak Imlarp 
Raveevun Leelasatayakul, B.Sc. 
Roypim Tiptanatoranin, B.Sc. 

OBJECTIVE:   To investigate factors In ecology, particularly with respect 
to vertebrate populations, influencing and maintaining the transmission 
of arboviruses in nature. 

DESCRIPTION; As outlined in previous Annual Reports, especially 1968. 

PROGRESS: A serological survey of wild vertebrates at Bang Phra found 
considerable neutralizing antibody to JE in rodents, including Rattus 
rattus (40%) R. rajah (=suriferf 25%), Menetes berdmorei (33%), and 
Bandicota indica (47%).   Neutralizing antibody to Wesselsbron (WESS) 
virus was detected in R. rattus (18%), M. berdmorei (5%), and B. indica 
(30%).   Those data were obtained using the metabolic inhibition test. 
Additional rodent sera have been tested now using tube neutralization 
and plaque tests in efforts to confirm the survey results and to detect 
antibody in animals collected at other places in Thailand. 

Blood samples were taken by heart puncture and spun down minutes there- 
after.   Sera were kept at -20oC or colder temperatures until inactivation 
at 560C in a waterbath for 1/2 hr.   Sera then were diluted 1:5 for use in 
tube neutralization tests.  After challenging with virus, serum-virus mix- 
tures were incubated 1/2 hr at 370C, and two culture tubes of BHK-21 cell 
monolayers received 0.1 cc of inoculum for each specimen.   Tubes were 
maintained at 370C while observing for cytopathic effect (CPE).   If less 
than 50% CPE occurred in both tubes for a given specimen after seven days, 
antibody was considered to be present in the animal's sera.   Equivocals 
resulted if only one of two tubes showed evidence of neutralization.   Po- 
sitive and equivocal sera were retested by plaque tests if sufficient sera 
was available.   The MK-2 plaque reduction test was used according to the 
procedure described previously. 
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No evidence for neutralizing antibody to JE was found In rodent sera test- 
ed by tube neutralization CTable 1).   In most cases, the amount of virus 
used to challenge sera was 80-100 TCIDJ-Q.   However, the virus dose 
used to test the 56 sera of Rattus rattus collected at Bang Phra was ex- 
cessive, and 53 of the samples were retested by plaque test with sera 
diluted 1:10.   Plaque reduction in 29 sera was within the error expected 
of controls and thus was not significant.   Seven specimens showed plaque 
reduction which was significantly different from controls at p<.0l.   The 
percent plaque reduction was 72% in one and 74% in another.   Reduction 
of plaques may have been due to specific neutralizing antibody but non- 
specific plaque inhibition could have been present at the 1:10 dilution of 
sera used in the test.   In any case, JE antibody does not appear to be as 
prevalent as the Bang Phra survey indicated.   Rodents have not been im- 
plicated as hosts of JE in Japan, Malaysia or India, and it is doubtful 
that they function as natural hosts in Thailand. 

Indications of WESS antibody were found in Rattus rattus collected at Bang 
Phra and in the area of the Sakaerat research station in Nakorn Ratchaslma 
Province,  Also, a positive result was obtained for one R. surlfer collect- 
ed at Sakaerat on 18 July 1969.   The positive and equivocal R. rattus from 
Sakaerat were distributed throughout the pericd June-December 1969.   The 
percentage of Rattus rattus positives at Bang Phra was 18% which was the 
percentage found in the previous survey.   Positives and equivocals in the 
Bang Phra series were retested by plaque test (Table 2).   Plaque reduction 
was significant in most cases at the 1:5 dilution of sera.   At 1:10 dilution 
of sera, however, most specimens were negative.   Four were significantly 
different from controls at p<.01 and a fifth was different at p<.001.   These 
specimens and the several solid positives in tube neutralization tests in- 
dicate that some neutralizing antibody to WESS virus may be present in 
rodents.   Again, however, the involvement is not so great as the previous 
survey indicated.   That rodents play a significant role in the ecology of 
WESS remains to be shown. 

S-19-B Virus and Antibody Prevalence 
in the Wrinkle-lipped Bat 

(Tardarida plicata) 

Shortly after the isolation of an unknown virus from dead bats collected in 
Saraburi Province (see elsewhere in this report), attempts were made:   1) 
to identify the virus and 2) to determine if antibody was present in living 
bats. 

S-19-B was found to be ether sensitive and is probably an arbovirus. 
Therefore S-19-B was tested against specific sera for several arboviruses 
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known to occur in Thailand using the MK-2 plaque reduction technique 
(table 3).   No relationship to Chikungunya (CHIK), Sindbis (SIND), JE, 
Newcastle Disease (N.D.V,), Batai or Wesselsbron (WESS) was found. 
S-19-B formed big, clear plaques after three days of incubation at 370C 
which were quite different from the small and hazy plaques produced by 
Dengue and Tembusu viruses given similar incubation.   S-19-B plaques 
were intermediate in size between those of Chikungunya and Sindbis 
viruses.   In terms of plaque morphology, S-19-B virus is related to group 
A.   CF antigen has been prepared from guinea pigs with CF titers of 
1:512 for use in further attempts to characterize S-19-B. 

Tardarida plicata  were mist-netted at evening exodus at a small cave 
on Khao Lam Phat, Kangkoi District, Saraburi Province.   This cave is 
several hundred yards south and approximately 50 yards lower on the 
mountain than the large cave where S-19-B was originally Isolated. The 
small cave may be a nursery cave.  At the time of collection, several 
hundred-thousand T. plicata were resident there, whereas previous and 
later visits showed that T. plicata was not abundant.   A second series 
of T. plicata was obtained from a large cave deep in the forest on Khao 
Phlong, near Amphur Phra Buddhabat, Saraburi Province.   Blood was taken 
from the heart and diluted to give 1:3 sera dilution prior to centrifugation, 
which was accomplished soon after bleeding.  In the laboratory, sera 
were Incubated at 560C for 1/2 hr and diluted to 1:5 for use in BHK-21 
tube neutralization tests, which were performed as described in the pre- 
vious section.   Sera (1:5) were challenged with 10-25 TCID5Q of S-19-B 
virus prepared in BHK-21 cell culture.   Positives and equivocals were 
ratested, where possible, in a second tube neutralization test. 

Sera of male and female bats neutralized 25 TCID5Q of S-19-B virus fTable 
4).  A greater proportion of females were positive than males in the Khao 
Lam Phat population, whereas the reverse was true of the Khao Phlong 
population.   Thus, both sexes are susceptible and probably are infected 
at similar frequencies in nature.   Approximately 30% of each population 
evidenced prior contact with S-19-B.   If equivocals are included as show- 
ing evidence of antibody, rates increase to 35%.   Thus, contact with S-19 
-B is common.   Probably all T, plicata populations in the Saraburi region 
are involved with this virus.   Further studies of antibody prevalence using 
the MK-2 plaque test are in progress.   It remains to be shown whether or 
not S-19-B virus occurs elsewhere in Thailand or in other countries where 
X» plicata is found, 
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Table 2.   Comparison of BHK-21 tube neutralization test and MK-2 
plaque test results. 

Tube Neutralization Test R. rattus |    % Plaque j    % Plaque 
Reduction Reduction 

Result (Sera 1:5) i   Serum No. (Sera 1:5) (Sera 1:10) 

Equivocal WESS 3464 80 59* 

1      3467 I          85 1 

i      3469 1          73 0 

3473 1          88 32 

3479 !          27 - 

3488 59 0 

3503 88 18 

3508 71 1 

3512 34 - 

3514 68 64* 

Positive WESS 3471 56 100** 

3472 88             | 64* 

3476           | 73             j 0 

3483 76 0 

3491           | 83            | 0 

3501 80 15 

3505          j 83 49* 

* = .01>p>.001  ** = o001>p 
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Table 3. S-19-B Virus versus specific sera in MK-2 plaque test. 

Serum Virus 

S-i9-B Chik Sind JE Beta! Wess 

S-19-B (rabbit) 1.000* <40 <10 <10 <10 <10 

Chik (rabbit) <10 640 I10 <10 - - 

Sind (mouse) <10 <10 10,240 - - - 

JE (rabbit) <10 <10 <10 640 <10 <10 

N.D.V, (commer <10 — m m. . m. 

cial) 
Batai (mouse) <10 - - <10 >640 <10 

Wess (mouse) <10 - <10 <10 10,240 

* Reciprocal of serum dilution giving 50% plaque reduction. 

Table 4. S-19-B antibody prevalence in two populations of T. plicata 
at Saraburi Province. 

Location-Date-Sex Number Tested A 
% Positive 

B 
%Equivocal 

A.+B. 

Khao Lorn Phat 
(8 Dec 69) 

Males 34 26 6 
Females 26 35 3 
Both 60 30 5 35 

Khao Phlong 
(10 Dec 69) 

Males 41 39 2 
Females 41 15 14 
Both 82 27 8 35 

816 

. .-     ■■^„■■■J .„     ■ .  ■.    .   .       ■ —'-■—-Hhiii^-MlliafüMiiMMlii ^riMriMMMMMIMMia MkMMMM 



Vertebrate Ecology 

Principal Investigator: Joe T. Marshall, Jr. 

Associate Investigator:        Amara Markvong, B.S.* 

Assistant Investigator: Vandee Nongngork 

OBJECTIVE: To provide correct Identification and meaningful names for 
wild vertebrate animals from which blood samples are taken for studies 
on the ecology of Japanese encephalitis virus. 

DESCRIPTION; Identifications usually present no problems and the ecologlc 
studies can proceed without hindrance from lack of a name.   Amphibians, 
reptiles, and most of the birds and mammals are keyed out with the aid 
of the excellent reference library maintained by SMRL.   However, in the 
recent study of the ecology of Japanese encephalitis virus at Bang Phra, 
difficulties were encountered with leaf-warblers, bats, and the common 
rats and mice.   Some of the warblers and all of the species of bats and 
rats and mice had significant amounts of antibody to the virus.   There- 
fore, it was evident that straightening out their names would be of value 
not only to the Bang Phra study, but to all future studies of arboviruses 
in Thailand.   (Specifically, the same animals occur at Chlengmai, the 
site of a current study). 

Accordingly, an illustrated identification aid to the leaf-warblers was de- 
vised and published.   Scientific specimens of the bats were prepared and 
sent to specialists who provided names in due course.   But the nomencla- 
ture and species limits of the common rats and mice at Bang Phra were 
found to be confused in the current literature.   It was necessary to under- 
take a systematic revision of them, and the Virology Department thus inhe- 
rited a project that had earlier been set up in optimistic terms as a SMRL 
goal by the Department of Entomology (SMRL Annual Report, April 1964: 
308-310).   The method was collecting and examining scientific skins and 
skulls and extracting information on karyotype, ectoparasitic lice, and bio- 
chemical genetics (=enzyme polymorphism involving isozymes) from colla- 
borators who were provided pertinent material by this laboratory. 

PROGRESS;   Delineation of the species of medically important rats and 
mice of Thailand has been complete, on the basis of skin and skull mor- 
phology.   They have also been grouped into genera and subgenera consist- 
ing of closely related forms.   Data from ecology, geographic overlap, 
biochemical genetics, ectoparasitic lice, chromosome number and chromo- 
some morphology substantiate the new classification proposed.   This 
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information has been widely disseminated in mimeograph form and two 
monographs are ready for publication, one on the rats, another on the 
mice.   Table 1 summarizes the ma..n points; the linear sequence reflects 
similarities in karyotype. 

SUMMARY;   Proper identification of animals and birds for studies of 
Japanese encephalitis ecology necessitated overhaul of the classification 
of medically important rats and mice of Thailand, using both classical 
and modern Cytologie and biochemical methods.   There are 33 species in 
Thailand.   All but one, the Norway rat, are native to the country.   No less 
than eleven species are specially adapted for living with man.   The com- 
pletion of this study now permits immediate field identification of reservoir 
hosts of human diseases in Thailand. 

* Dept. of Biology, Kasetsart University. 
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Ecological and Epidemiological Survey for Rabiesvirus 
in Cave Bat Populations. 

Principal Investigators: William A. Neili, SP5 E-5 
Dennis O. Johnsen, MAJ, VC 
Robert L. Hickman, MAJ, VC 
PaulC. Smith, MAJ, VC 

Assistant Investigators: Kwanyuen Lawhaswasdi, D.VM. 
William L. Wooding, MAJ, VC 
George S. Manning, CPT, MSC 
Howard E. Noyes, Ph.D. 
Mrs. Naowayubol Nutkumhang, B.Sc 

OBJECTIVE:   The objectives of the study are to determine, whether 
rabies is present among cave bats, whether diseases and ecological 
factors may be responsible for the many deaths in bats that occur 
frequently, and the relationship of bat zoonoses to individuals that 
work in a large limestone cave in the Saraburi province district of 
Kangkoi. 

DESCRIPTION;    Dead bats are picked up from several well defined 
areas in the cave each month by a native who collects guano in the 
cave.   A careful count is kept of the bats collected from each area, 
and they are then kept in dry ice for laboratory examination.   Conti- 
nuous temperature recordings are also made in each of these areas 
and as an indicator of the population fluctuations the rate of guano 
deposition is measured.   The overall population of bats within the 
cave has been estimated by taking a series of rapid photographs of 
the evening exodus from the cave.   A record of meteorological data 
in the vicinity of the cave has also been kept to determine its effect 
on the other observations.   In addition to dead bats, live bats, wild 
rodents, various ectoparasites and human sera have been collected 
from the area for laboratory examination.   Laboratory rats, mice, and 
rabbits were also placed in the cave as sentinel animals to determine 
the effect of the zoonotic diseases there on newly introduced, and 
perhaps susceptible, animals. 

PROGRESS:   The brains and salivary glands of the dead bats were 
inoculated intracranially into weanling mice for the purpose of fin- 
ing for rabies virus.   Many of these mice   subsequently died snowing 
signs of paralysis or convulsions.   Examination of their brains showed 
no evidence of infection by rabies virus or bacterial contamination. 
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Following a second passage in suckling mice the isolates were placed 
in tissue culture using MK2 cells where cytopathic effect was produced. 
One isolate, S-19-B, was characterized by several laboratory proce- 
dures, and has been used subsequently as an antigen for producing 
antisera in rabbits.   Following this experience, all suspensions made 
trom dead bat tissue which caused death in the first mouse passage 
were screened for rabies virus, passed a second time in mice and, if 
deaths occurred, placed on tissue culture.   A total of 1014 bats were 
processed yielding 2028 tissue suspensions.   From these suspensions 
648 have been lethal for weanling mice.   Following fluorescent antibody 
examination for rabies, 190 of the mouse isolates have been placed in 
tissue culture and 173 have produced cytopathic effects.   As mentioned, 
antisera was prepared by inocuxclng rabbits with the viral isolate, 
S-19-B.   Serum neutralization tests are currently being set up to deter- 
mine if all the isolates made are serologically identical to S-19-B. 

Material obtained from live bats, wild rodents, ectoparasites, and 
sentinel animals has been processed in a similar manner.   One hundred 
and twenty three live bats were processed by passing brain and salivary 
gland material through both weanling and suckling mice.   Four isolations 
have been made from mouse material but have not produced CPE when 
placed on tissue culture.   Sixty-five wild rats, Rattus rattus, were 
collected and five isolates producing CPE on MKo cells have been 
obtained.   Suspensions made from pools of collected ectoparasites, 
although they produced a few deaths in inoculated mice, have failed 
to produce any CPE in MK? cells.   Five tissue culture isolates have 
been obtained from the various sentinel animals   and of interest also 
is the fact that the serum 01 one of these rats had a 1:80 antibody 
titer in a neutralization test against the S-19-B isolate.   Similarly, 
in neutralization tests run with the sera collected  from fourteen people 
who worked in the cave, three have been shown to contain antibodies 
to the S-19-B isolate also. 
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Surveys of Domestic and Sylvatic Animals for 
Rabies Virus Infections. 

Principal Investigators: Robert L. Hickman, MAJ. VC 
Kwanyuen Lawhaswasdi, D.V.M. 
WilUamA. Neill, SP5 E-5 

Associate Investigators: Dennis 0. Johnsen, Maj, VC 
James P. Slowey, SEC E-7 

OBJECTIVE;   The purpose of this study is to define sylvatic and 
domestic reservoirs of rabies virus infections in Thailand. 

DESCRIPTION:   The Fluorescent Rabies Antibody test is used to 
examine all specimens and is followed up by mouse inoculation 
tests when necessary.   Surveillance of three groups of mammals 
(bats, rodents, and dogs) is being maintained.   The bat studies are 
confined to a single population of two species from a cave in Saraburi 
province (More fully described under Ecological and Epidemiological 
Survey for Rabies virus in Cave Bat Populations).   The rodent studies 
are conducted on animals collected from several provinces in Thailand 
by the Department of Entomology.   Dog specimens are collected and 
submitted by the Bangkok Department of Public Health and individual 
Air Force and Army Veterinarians assigned throughout Thailand. 
Because of the relatively few dog specimens submitted, the absence 
of pertinent data on individual specimen     and the lack of any control 
over selection of specimens and feed back u information, most of 
these programs have been terminated as formal surveys.   In their stead, 
two preliminary studies were initiated in an effort to generate more 
meaningful data.   The first of these is a survey of dogs to he conducted 
by the Bangkok Department of Public Health in conjunction with the 
Department of Veterinary Medicine.   The second is a survey of dogs to 
be conducted jointly by the Departments of Epidemiology and Veterinary 
Medicine. 

PROGRESS;   A total of 267 bats were examined without finding evidence 
of rabies virus.   No rabies infections were diagnosed after examination 
of 210 rodents of a variety of species.   Two of 20 "randomly selected" 
dogs from the Bangkok Municipal pound were found to be positive. 
Insufficient information is available to adequately identify all of the 
remaining dogs that wsere submitted as survey specimens so the results 
of these examinations are included in the routine diagnostic report 
(Department of Veterinary Medicine Support Activities).   Progress to 

825 



-rrmmmmmmrm 1        ll'IMMIIHIII w^^^^mmt^i ^m^^mm, 

'\ 

date on the recently initiated dog surveys has been limited to obtain- 
ing clearance for undertaking the studies, selecting the geographical 
areas to be studied, and defining and collecting pre-survey data on 
the dog populations therein, 

SUMMARY:    Limited surveys of bats and rodents failed to substantiate 
previous findings of rabies virus infections in these two group of 
animals.   Dogs continue to be the principal known reservoir of rabies 
virus in Thailand, and studies have been initiated to learn more about 
the epidemiology of rabies virus in this host. 
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"s    s Indirect Fluorescent Rabies Virus Antibody Test 

Principal Investigators: Robert L. Hickman, MAJ, VC 
Ronald G. Wilson, M.D.* 
Howard B. Emory, M.D.* 
Kwanyuen Lawhaswasdi, D.V.M. 

Associate Investigators: William A. Neill, SP5, E-5 

OBJECTIVE:  The indirect fluorescent rabies virus antibody test is a 
valuable tool for rapidly determining the antibody response to immu- 
nization with rabies vaccine.   In the past, several unsuccessful 
attempts have been made to correlate the titers of antibody as 
detected by this test and by the standard mouse neutralization test 
using individual sera from patients receiving post-exposure antirabies 
treatment.   The objective of the current study is to repeat previous 
effort and expand on them by studying comparative titer responses in 
Peace Corps volunteers, all of whom receive pre-exposure antirabies 
immunizations.   In addition to the comparative titer aspects of the 
study, this is an unparalleled opportunity to study the response to 
post-exposure treatment following pre-exposure antirabies immuniza- 
tion since 15-25% of the volunteers require such treatment during 
their tour in Thailand. 

DESCRIPTION:   The standard IFRA test is used to examine all human 
sera.   Single serum samples from patients receiving post-exposure 
antirabies immunizations are coded and titrated by both the IFRA 
technique and the mouse neutralization test for rabies virus antibody. 
In the recently initiated study, serum is collected from each newly 
arrived Peace Corps volunteer, coded and t^ed for an IFRA titer. 
Additional sera are collected and tested ti.iuughout the pre-exposure 
course of immunizations.   If and whti. a volunteer is exposed to 
rabies virus, a second series of sera specimens is collected for 

i 

IFRA titer determination.   Mouse neutralization tests are performed 
for comparative purposes using each of the sera specimens from 
randomly selected volunteers. 

* Peace Corps Physician, c/o American Embassy, Bangkok, Thailand. 

827 

  



■ »■HL  !)!■!■ W.IIHI  Uli.*- —PI—" 

PROGRESS;   During the reporting period a total of 324 sera were 
submitted and examined for antirables tlters by the IFRA technique. 
Of these, 54 were selected for IFRA - Mouse Neutralization compa- 
risons.   A quantitative relationship could not be demonstrated 
between the tlters determined by the two methods.   These specimens 
were, for the most part, collected from different individuals at 
different intervals following immunization.   The current study provides 
sequential sera at prescribed Intervals and permits a comparison of 
antibody appearance and development as well as quantity.   The first 
group of 85 volunteers arrived In Thailand during the last month of the 
reporting period. 

SUMMARY;  Although the IFRA test continues to be a valuable tool 
for evaluating antibody response in man to rabies vaccination, efforts 
to compare results of this test with the results of the more widely 
accepted mouse neutralization test have failed.   A new study was 
initiated using sequential sera specimens from Peace Corps volunteers 
in order to compare the time of appearance, the course of development, 
and the titer of the antibody detected by both the IFRA test and the 
mouse inoculation test.   In addition, the antibody response to post- 
exposure treatment is being studied. 
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Feeding Habits and Preferences of Adult 
Mosquitoes-Aedes albopictus. 

Principal Investigators :     Michael F. Sullivan, CPT, MSC 
Douglas J. Gould, Ph.D. 

Assistant Investigator :       Somboon Maneechai 

OBJECTIVE :    Both Aedes aegypti and Aedes albopictus are 
vectors of dengue viruses in Thailand, but much epidemiologic 
data suggests that the former species is the vector of primary 
importance.   Previous studies on Koh Samui indicated that 
perhaps one explanation for this is that A. aegypti feeds primarily 
upon humans while A. albopictus is frequently diverted to a 
variety of other blood meal sources in addition to man.   The 
object of this study was to determine which hosts are preferred 
by A. albopictus. 

DESCRIPTION :   Four series of simultaneous biting collections 
were made from humans and from four species of animals 
common to Thailand,   In these studies one man (X) collected 
mosquitoes attracted to himself, while a second collected 
mosquitoes attracted to a buffalo (A), a pig (B), a dog (C), a 
chicken (D) or a man (E),  Individuals in each of the above 
categories were designated numerically (e. g., first buffalo 
as A]),   A single trial consisted of a ten minute initial collection 
period in which X and one of the animals were placed in locations 
15 to 30 meters apart; this was followed by a second ten minute 
period during which the positions of the two hosts were reversed. 
In the first series of trials Xj was compared with Aj, A2, Bj, B«, 
^h 02* Pl> P2> Jh a™* E^ in the second series a second man 
^2) was compared with the same hosts as Xj, and in the third 
series X3 was compared with^g, A^, B«, B4, C«, C4, P3, p4, 
E3 and E^.   In the fourth series X4 was comparea with the same 
hosts as was X3.   The same person collected the mosquitoes 
attracted to hosts A through E in all of the trials.   After each test 
the immediate collection site~was not used again for a period of 
three hours.   All collections were made in coconut plantations on 
the island of Koh Samui between 0700 and 1300 hours. 
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PROQIESS :   The results of this study indicated that the host 
species used in the trials differ in attractiveness to A. albopictus. 
When the ratios of mosquito numbers collected from man and 
the other hosts were compared, the host-attractiveness was 
ranked as follows :  1) roan,   2) pig,   3) and 4) buffalo and dog, 
and  5) chicken (Table 1).   Total numbers of mosquitoes collected 
from the five host species were large enough to indicate all five 
are probably important natural hosts of A. albopictus. 

I 
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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 

Investigators. 
Principal: Howard E. Noyes, Ph.D. 
Associate: Yachai Ampaipast; John C. Bell, SSG; Panyasri Benjadol, 

M.S.; Paibul Busapathamrong, MAJ, MC, RTA; Santiparb 
Chaiwongkiat; Yupin Charoenvit, M.S.; Henry H. Higaki, 
MSG; Yupa Kasemsanta, P.H.N.; Supanee Kethsuwan, M.D.; 
Ovath Khunphol, R.N.; Kanchana Leelasiri, B.S.; Pethai 
Mansuvan, M.D.; Lakshana Nagarajara, M.D.; Tatsanee 
Occeno, B.S.; Lloyd C. Olson, MAJ, MC; Pavanee Prayon 
Prayongratana, R.N.; Yongyuth Raengpradub, B.S.; Swish 
Rardjamroensook, M.D., M.P.H.; Chantana Ratanavaraha, B. 
Prani Ratarasarn; Pravit Songsaengterm, M.D.; Chanphen 
Srimunta, B.S.; Ronald K. Stackhouse, SP5; Curtis A. 
Stewart, SP6; Veeravat Supradish, M.D.; Tasna Tamaarree, 
Dip. Med. Tech.; iPrayoth Tanticharoenyos, D.V.M.; 
Pairoj Tanvichien, M.D.; Pitsawas Thongphakdi, M.D.; 
Markpol Tingpalapong, D.V.M.; Susri Tondhavudho, M.D.; 
Prapin Tugkanon, M.D.; Malinee Udhitanonda, B.S.; Pisit 
Uttamote, M.D.; Suthee Vallikul, M.D.; Ravi Vanichsarn, 
M.D.; Saridwongsa Wongsathuaythong, LTC, MC, RTA; 
William L. Wooding, MAJ, VC; Sunee Yuvachitti, R.N. 

S. 

Coordinator: 

Mycotic Diseases 

Howard E. Noyes, Ph.D., Chief, Department 
of Bacteriology § Mycology 

Principal Investigators: Renoo Kotrajaras, M.D.* 
Howard E. Noyes, Ph.D. 

Associate Investigators: Yupin Charoenvit, M.S. 
Malinee Udhitanonda, B.S. 

OBJECTIVE: The objective of these studies is to gather information on 
the prevalence and distribution of mycoses in this area of the world. 
In addition to these survey activities, one study was carried out to 
determine the in vitro effects of griseofulvin on morphological changes 
of selected dermatophytes isolated in Thailand and another was done to 
identify the bacterial components of dermatologic infections. 

DESCRIPTION: Survey studies were prompted by the major medical problems 

♦Dermatologist at Women's Hospital, Bangkok, Thailand 
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the dermatophytic fungi can present to the military in times of stress. 
Specimens were usually collected by a member of this department from 
patients with dermatologic problems.    Cultures were prepared by clean- 
ing the lesion with 70 percent ethanol and transferring material 
(hair, skin, nail) directly to 2 plates of Sabouraud - Cycloheximide - 
Chloramphenicol medium.    The plates were sealed with paper tape to 
prevent contamination,  and periodically examined during a 21 day incu- 
bation at 250C.    Blood agar plates were also inoculated and incubated 
at 370C when clinical appearance of the lesion suggested bacterial 
infection. 

Thirteen recent isolates of dermatophytes were exposed to concentra- 
tions of griseofulvin ranging from 0.1 to 30 mcg/ml in Sabouraud - 
Cycloheximide - Chloramphenicol agar or broth.    Colonial and microsco- 
pic changes were observed at 5, 10 and 15 days after inoculation and 
incubation at 250C. 

In the study of the bacterial component of dermatologic infections, 
culture sites for bacteria and fungi included the site of the lesion, 
canal of the right ear, right nostril, beneath the index fingernail 
of the right hand, perineum and the fourth toeweb of the right f lot. 
Procedures listed above were used for fungus cultures and a battery 
of culture media designed to favor different genera were used for 
bacterial cultures. 

PROGRESS:    During the period covered by this report 755 routine clini- 
cal specimens were received for mycological examinations.    Included were 
212 from Women's Hospital,  and 36 from the U.S.  Embassy Medical Unit 
and the 5th Field Hospital.    Results in Table 1 show that the organisms 
most frequently isolated from Thai patients were Trichophyton rubrum 
and Candida albicans.    Five of 36 dermatologic specimens from U.S. 
personnel and dependents were positive for £. albicans; two were positive 
for T. rubrum and 1 was positive for Trichophyton mentagrophytes 
(Table TjTi    In specimens from other than human sources there were 5 
isolates of Microsporum canis from 6 gibbons and 5 isolates of 
Microsporum gypseum from 246 soil samples  (Table 3). 

The study of the intraction (s) of dermatophytes and griseofulvin was 
undertaken because of concern to clinicians about the likelihood that 
griseofulvin - resistant strains of dermatophytes would emerge and the 
possibility that resistant forms would have different characteristics 
which would complicate their identification.    This study was concerned 
with sequential macroscopic and microscopic changes of recently isola 
ted dermatophytes in the presence of increasing concentrations of 
griseofulvin. 

The presence of griseofulvin in media in which the dermatophyte cultures 
grew resulted in distinctive changes of growth rates of the organisms 
in both liquid and solid media.    As expected the growth rates progres- 
sively decreased with increasing concentrations of the drugs.    Minimum 
inhibition concentrations  (MIC) in fluid media paralleled results 
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1 obtained with solid media but in most instances the MIC levels were 
lower in the former. It is assumed that this finding resulted from 
the organisms in the liquid media being in more intimate contact with 
the drug. Other morphological changes were those of texture, topo- 
graphy, and particularly, pigmentation which varied with different 
species. T. rubrum and T. mentagrophytes cultures developed increasing 
numbers of white tufts on the surface as the drug concentrations 
were increased. At 1.0 mcg/ml or more the colonies appeared as white 
and cottony; Trichophyton concentricum cultures changed from velvety 
to glabrous; M. canis changed from yellowish-brown with white cottony 
centers to ligHt brown and glabrous throughout and the topography and 
pigmentation of Epidermophyton floccosum changed from flat, olivegreen 
colonies with white centers to pale olive or light brown. Only 
M. gypseum failed to show marked changes in texture. The  inocula of 
all species were macerated at inhibitory concentrations of griseofulvin. 

Although there were variations in the concentrations of griseofulvin 
eliciting morphological changes, the patterns of macroscopic and micro- 
scopic alterations wre similar for all dermatophytes studied.  In 
absence of griseofulvin the mycelium were long, septate with straight, 
rarely - branched hyphal tips and contained homogenous cytoplasm. 
After exposure to increasing concentrations of griseofulvin the following 
sequential changes occurred in the mycelium of all isolates. The ear- 
liest changes were the appearance of lateral branches, curling of 
advancing hyphae and appearance of granular cytoplasm in mature areas 
of hyphae. At higher concentrations these were followed by increased 
branching, increased curling of the lateral branches at the ends of 
new mycelium and the presence of only granular cytoplasm. 

At concentrations almost inhibiting new growth, branching and curling 
had progressed to the point of stunting and distortion and cytoplasm 
was granular and vacuolated. At inhibitory concentration of griseo- 
fulvin there was autolysis, vacuolated cytoplasm, and subsequent loss 
of mycelial contents. Griseofulvin incorporated in the culture medium 
resulted in fewer microconidia but their shapes and sizes were unaffected. 
Similar decreases of macroconidia were noted but morphologic changes were 
discernible even at low concentrations. These changes ranged from a 
slight bending at low concentrations to the appearance of distorted 
and ghost cells at inhibitory concentrations. 

The similarity of the sequential changes in the presence of increasing 
griseofulvin concentrations suggests - but does not prove - similar 
mode of action of this drug for each of these organisms. The observa- 
tion that the low concentrations first affected new growth and that 
the drug is mycostatic rather than mycocidal is in keeping with therapy 
experiences which show that griseofulvin appears to produce a favorable 
clinical effect by concentrating at the point of infection. There it 
inhibits the fungi and causes them to be shed with the normal outward 
growth and desquamation of the skin. Although the exact mode of action 
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of griseofulvin is not known, it appears to interfere with fungal mitosis, 
impairs synthesis of protein and nucleic acids and causes the breakdown 
of intracellular organelle membranes. 

The interpretation of in vitro sensitivity determinations in terms of 
predictability of clinical effectiveness of griseofulvin is difficult. 
The usual criterion of relating microorganism sensitivities to blood 
levels does not pertain because these organisms are capable of in vitro 
growth at much higher concentrations of griseofulvin than is found in 
the blood after parenteral administration of the drug. It is concluded 
that therapeutic response to the drug depends on its concentration at 
the site of infection rather than in blood levels. A comparison of in 
vitro sensitivities of the strains used in this study to those reported 
in the literature suggests that even when one allows for differences of 
assay procedures, the dermatophytes isolated in Thailand were somewhat 
more resistant than those foimd elsewhere. 

This study does not preclude the possibility that bizarre, mutant derma- 
tophytes resulting from in vivo exposure to griseofulvin will not create 
diagnostic problems in tKe future. However the finding that morphologic 
changes of most of the griseofulvin induced morphologic changes of these 
dermatophytes were completely reversible on subsequent subculturing is 
encouraging from the standpoint of the clinical laboratory. 

Reports of therapeutic failures with griseofulvin are appearing. The 
finding of griseofulvin - resistant dermatophytes in Thailand indicates 
that griseofulvin will become less effective as more fungi become 
resistant following exposure to the drug. To preclude unnecessary 
exposure to sensitive dermatophytes it is recommended diagnoses be con- 
firmed by laboratory procedures prior to institution of griseofulvin 
therapy. Ideally there should be repeated cultures during therapy 
because the only criterion that can determine the required dosage levels 
and duration of treatment with griseofulvin and the final attainment of 
a biological cure are laboratory findings obtained by the medical mycolo- 
gist. 

Incomplete studies on the bacterial ecology of adult Thai females with 
dermatologic infections indicate that Strphylocoecus epidermidis, 
Corynebacterium spp. Micrococcus spp. were found at most culture sites 
of patients infected with T. rubrum and of normal controls. Bacteria 
found less frequently at all culture sites included Staphylococcus aureus. 
Streptococcus fecalis, Pseudomonas spp. and alpha hemolytic streptococci. 
Conspicuous by its relative scarcity was Escherichia coli. This study 
will be completed by 30 June 1970.       ""' 

SUMMARY; Studies on patients with dermatologic problems indicated 
that pathogenic fungi are present in Thailand and could represent a 
major problem to the military in times of stress. Pathogenic dermato- 
phytes isolated most frequently were T. rubrum and £. albicans. 
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Macroscopic and microscopic changes resulting from exposure to graded 
concentrations of griseofulvin were observed for 31 recent isolates of 
dermatophytes.    Most isolates were exposed to different concentrations 
of griseofulvin ranging from 0.1-30.0 mcg/ml in Sabouraud - Cycloheximide 
- Chloramphenicol Agar in petri dishes or Sabouraud - Cycloheximide - 
Chloramphenicol Broth in test tubes.    Colonial and microscopic changes 
of cultures were observed at 5,  10 and 15 days at 250C after inoculation. 
The results obtained indicated that griseofulvin created morphological 
changes of every isolate, especially on the microscopic structures of 
the mycelium.    Discernible effects occurred at every concentration of 
the drug.    The first change was the production of short,  lateral hyphae 
from the primary mycelium followed, as the drug concentration increased, 
by curling, distorting and stunting of lateral branches and new mycelial 
growth.    The cytoplasm of the mycelium was gradually changed from 
homogenous to granular to vacuolar and, at sub-inhibitory concentrations, 
the cytoplasm partially disappeared from the mycelium.    Large, round 
chlamydospores germinated from the mature hyphae of most isolates at 
sub-inhibitory concentrations of griseofulvin.    At inhibitory concentra- 
tions large round "ghost" cells or cells devoid of content occurred 
in most areas of the mycelium.    The changes of shape and size of micro- 
conidia were little affected but they were reduced in number and they 
became poorly developed at high drug levels.    Numbers of macroconidia 
decreased as the drug concentrations were increased and their shape 
became distorted in high concentrations.    The macroscopic and microscopic 
changes of most isolates caused by griseofulvin appeared to be temporary. 
Most dermatophytes reverted to normal when sub-cultures of viable pleo- 
morphic colonies were made on griseofulvin-free medium.    The bacterial 
flora of adult Thai females with or without T. rubrum infections consis- 
ted predominantly of gram positive cocci and rocfi"!    Pseudomonas spp. was 
the gram negative organism found most frequently. ~ 
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Table 1.  Mycology Specimens from Patients at Women's Hospital, 
Bangkok, Thailand 

1 April 1969 - 31 March 1970 

Body areas 
Total 
Speci- 
men Ex- 
amined 

Nega- 
tive for 

Fungus 

Non-PathOT 
genie Fungi 
Isolated 

Positive Cultures 

Body 
(Trunk, 
Face, 
Arms, 
Legs) 

75 46 13 Trichophyton rubrum 9 
Epidermophyton floccosum 1 
Trichophyton mentagrophytes3 
Candida albicans 2 
Pltyrosporum orbicularae        1 

Feet 54 24 26 Candida albicans 1 
Trichophyton rubrum                3 

Hands 22 15 3 Trichophyton rubrum 1 
Candida albicans                     3 

Head 16 8 6 Trichophyton tonsurans 1 
Trichophyton rubrum                1 

Nails 16 4 4 Candida albicans 7 
Trichophyton rubrum                1 

Groin 14 1 1 Trichophyton rubrum 2 
Trichophyton mentagrophytes4 
Epidermophyton floccosum 1 
Candida ölbicans 4 
Microsporum gypseum             1 

Buttocks 8 3 1 Trichophyton rubrum                4 

Vagina 3 - 3 - 

Ear 2 2 - - 

Axilla 2 1 - Trichophyton rubrum                 1 

Total 212 104 57 51 
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Table 2. Routine Mycology Specimens from American Nationals 

1 April 1969 - 31 March 1970 

Body areas 
Total 

Specimens 
Examined 

Negative 
for 

Fungus 

Non-patho- 
genic Fungi 
Isolated 

Positive cultures 

Body (Trunk, 
Face.Arms, 
Legs) 

6 3 2 Trichophyton mentagrophytes 1 

Feet 5 3 - Trichophyton rubrum 
Candida albicans 

1 
1 

Hand 1 1 - - 

Head 1 1 - - 

Hair 1 - 1 - 

Nails 8 5 1 Trichophyton rubrum 
Candida albicans 

1 
1 

Sputum 10 4 3 Candida albicans 3 

Lymph node 
tissue 

1 1 — 

Pus 1 - - Candida species 1 

Cerebrospinal 
fluid 

1 1 - — 

Lung aspirate 1 1 - - 

Total 36 19 8 9 
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Howard E. Noyes, Ph.D. 
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1 On loan from Dept of Health, Ministry of Public Health, Thailand 
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4 Ubol Provincial Hospital, Thailand 
5 Health Officer, Ubol Province, Thailand 
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OBJECTIVE:    Several related studies on diarrheal diseases include (1) 
a continuing enteropathogen survey of stools from Thai and American 
patients,   (2) monitoring of antibiotic sensitivity patterns of diarr- 
heal agents of Thai children,   (3)  characterization of gram negative 
anaerobes in stools of patients with acute diarrhea,  and  (4) a clinical 
trial of iodochlorhydroxyquinoline  (1CHQ) in hospitalized cholera 
patients. 

DESCRIPTION:    (1)    The enteropathogen survey study included specimens 
from inpatients and outpatients of both sexes from hospitals throughout 
Thailand.    Most specimens were from patients hospitalized with diarrhea 
and were collected during the acute phase of the disease.    The labora- 
tory procedures were described in detail in the previous Annual Report. 
(2)     The plate dilution technique was used to determine antimicrobial 
sensitivities of enteropathogens.     (3)    Stool specimens that were col- 
lected by a SMRL nurse from Thai children with acute diarrhea were 
brought to the laboratory for immediate processing.    Pure cultures of 
obligate gram negative anaerobes were processed on the basis of colonial 
and microscopic morphology,   15 biochemical reactions and antimicrobial 
sensitivity patterns.     (4)     For the clinical trials of ICKQ all diarrheal 
patients admitted to Ubol Provincial Hospital during the cholera outbreak 
were considered and patients whose stool specimens were negative for 
agglutinable vibrios or who had received antimicrobials prior to hospita- 
lization were deleted from the study.    On admission suspected cholera 
patients received fluid and electrolyte replacements but no antimicrobials, 
Patients with odd admission numbers revived drug A  (ICHQ) ,those with 
even admission numbers drug B  (placebo).    The dosage of ICHQ was 250 mg 
every four hours for 72 hours in the form of tablets for adults and 
suspension for children 1-10 years of age.    Rectal swabs were taken 
prior to initial medication and at 0600 dialy thereafter.     Assessment of 
therapeutic efficacy of ICHQ was by duration of vibrio excretion. 

PROGRESS:     1.  Results of examinations of 3,448 routine specimens from 
1,891 individuals are included in this report.    Most of the 3,317 speci- 
mens  from Thai nationals were from patients in Children's Hospital, 
Bangkok,  Thailand.     Other specimens were collected from patients at the 
Royal Thai Army, Royal Thai Navy,  Siriraj Hospitals,  Bangkok and 
Praputhabath Provincial Hospital.    Most of the 130 specimens from U.S. 
personnel were from the U.S.   Embassy Medical Unit,  SMRL,  and the 5th 
Field Hospital, all  in Bangkok. 

Isolations of enteropathogenic bacteria are summarized in Table 1. 
Approximately 7.7% of the specimens yielded Salmonellae;     2.3% yielded 
Shigellae,  and 10.7% of those tested yielded Enteropathogenic Escherichia 
coli   (EEC).    The predominance of Salmonellae isolates  from Thais is 
consistent with recovery rates  found during the preceeding six years. 
Most  of the Salmonellae isolates,   representing 23 species,  were 
Salmonella panama and Salmonella derby.    There were no isolates of 
Salmonella javiana,   the predominant organism the previous year, and iso- 
lates  of Salmonella typhosa remained low, as has been the case for the 
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last eight years. 

Eleven species were represented among the 70 Shigellae isolates.    There 
were 24 isolates of Shigella sonnei form I followed by decreasing fre- 
quency of isolation by Shigella flexneri 2, Shigella sonnei form II and 
Shigella flexneri 3.    Shigellae were isolated throughout the year and 
no specific outbreaks were noted.    Serotypes 0119:B14, 025:B19:B23 and 
0127:B8 were the predominant isolates of Enteropathogenic Escherichia 
coli in those children (less than 5 years old)  checked for these 
organisms.    No agglutinable vibrios have been isolated since September 
1969. 

Studies were done on the evaluation and comparison of 4 enrichment 
broths reputed to facilitate higher isolation rates of enteropathogens 
from rectal swabs or stool cultures.    Overall, preliminary findings in- 
dicate that results obtained with tetrathionate broth, Hajna broth, 
Rappaport broth,  and Selenite F broth are all inferior to results 
obtained by direct streaking of the specimen.    Among plate media the 
largest number of salmonella and shigella isolates were from SS agar 
followed in terms of decreasing isolates by XLD, DC and MC agars.    TTie 
evaluation continues. 

2.    In vitro sensitivities were determined for 208 isolates of Salmonel- 
lae, 157 isolates of Shigellae and 392 isolates of Enteropathogenic 
E.  coli during this period (Tables 2-7).    Overall these studies indicate 
that by far the most effective antimicrobials studied were colimycin 
and furazolidone followed in order of decreasing effectiveness by ampi- 
cillin, neomycin, oxytetracycline and chloramphenicol.    All isolates of 
Shigellae and Salmonellae were either very sensitive or very resistant 
to ampicillin.    All but 3 isolates of £. panama, the enteropathogen 
isolated most frequently during this period, were completely resistant 
to ampicillin.    Enteropathogenic E_.  coli isolates tended to be more re- 
sistant than Salmonellae or Shigellae isolates.    Based on these and prior 
in vitro studies the use of chloramphenicol or tetracycline is not indi- 
cated for therapy of most cases of acute diarrhea in Thailand. 

3.    The gram-negative, non-sporulating anaerobic, or filamentous bacteria 
have been little studied and are poorly understood,  even though they are 
known as one of the predominant - if not the predominant - members of 
the normal intestinal  flora of man and despite their being the causal 
pathogen in seriovs diseases of man and animals.    Some reports indicate 
they outnumber coliforms  100 co 1 in the human bowel.    The theory has 
been advanced that they act as "stabilizers" of bowel ecology and diarr- 
heal diseases can be associated with changes of their types and numbers 
in the gastrointestinal tract.    Among other gaps in our knowledge of 
these organisms, their classification is uncertain.    This portion of the 
study is being done to characterize these organisms preliminary to deter- 
mining their roles,  if any,  in diarrhea of children.    A totalof 368 
isolates representing  11 species of these obligate gram-negative anaerobes 
have been studied in terms of morphology and biochemical reactions   (Table 
8).    Some of the identifications are tentative because of variable 
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reactions within designated species.    Antimicrobial studies of these 
isolates indicate that most were sensitive to lincomycin and erythro- 
mycin, sensitivities to penicillin G were variable and most organisms 
were very resistant to polymyxin B, kanamycin, colimycin and neomycin. 
Correlation of these isolates to recognize enteropathogens from these 
patients has not been completed. 

4.    The trial of iodochlorhydroxyquine (ICHQ)  in El Tor cholera cases 
at IJbol Provincial Hospital was continued until the end of the out- 
break in mid-July 1969.    The results of the study are summarized in 
Table 9.    The range of duration of vibrio excretion was from less than 
one day to 9 days in both control and drug groups.    The mean duration 
of excretion in the ICHQ group was 4.08 days while that of the control 
was 5.25.    Forty-four percent of the drug group was vibrio-free within 
3 days of treatment as compared with only 28% of the control groups. 
After one week,  28% of the control patients were still excreting vi- 
brios but only 8% of the drug group were positive.    There were 3 
relapses after sodium sulfate purging in the ICHQ group and 2 in the 
control group. 

From 2-18 July 1969 we conducted an investigation of cholera carriers 
among the food handlers in restaurants and food vendors in Ubol city 
in cooperation with the Ubol Provincial Health Office.    One rectal 
swab was taken from each of the food handlers by the health workers, 
put into alkaline peptone tubes, and processed by SMRL personnel. 
El Tor vibrios were not isolated but there were 19 isolates of non- 
agglutinable (NAG) vibrios from 362 food handlers in the 97 restaurants 
and food shops examined.    The distribution of Heiberg groups of the 
NAG vibric  isolates are shown in Table 10. 

SUMMARY: Salmonella panama and Salmonella derby were the enteropathogens 
isolated most frequently from Thai children with acute diarrhea.    Most 
enteropathogens tested were sensitive in vitro to colimycin and furazoli- 
done and resistant to kanamycin, neomycin, oxytetracycline and chloram- 
phenicol.    Stools from Thai children with acute diarrhea were cultured 
for obligate gram-negative anaerobic organisms.    The 368 isolates repre- 
sented 11 species and were resistant to most antimicrobials used to 
treat diarrhea.    The trials of iodochlorhydroxyquinoline (ICHQ) as a vib- 
riocidal agent in cholera patients were completed during this period. 
It was shown that ICHQ shortened the duration of vibrio excretion but was 
considered inferior to other antimicrobials such as tetracycline, 
chloramphenicol, kanamycin and erythromycin.    No cholera carriers among 
food handlers in Ubol at the end of the cholera outbreak were found. 
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Table Z 

SENSITIVITIES OF ENTERIC ORGANISMS TO COLIMYGIN 
1 April 1969 - 31 March 1970 

Organisms 
No. of 

strainsl 
tested 

Inhibited at meg/ml 

0.78 1.56 3.12 6.25 12.5 25 50 100|200 >200 

Salmonella typhi 

S. kentucky 

S. derby 

S. moscow 

S. weltevreden 

S. oslo 

S. panama 

S. muenchen 

S. Stanley 

S. senftenberg 

S. lexington 

S. heidelberg 

S. typhimurium 

S. bovismorbificans 

S. virchow 

S. tennessee 

S. tananarive 

S. anatum 

S. meleagridis 

S. enteritidis 

S. newlands 

S. newport 

S. paratyphi B 

S0 montevideo 

S. claibomei 

5 

2 

55 

3 

15 

4 

55 

1 

8 

1 

6 

2 

7 

2 

4 

2 

7 

4 

2 

1 

11 

11 

6 

1 

3 

5 

2 

48 

3 

13 

4 

50 

1 

5 

1 

4 

2 

6 

2 

4 

1 

6 

3 

2 

1 

9 

9 

4 

1 

1 

2 

2 

2 
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Table 2.    (Cont'd) 

No. of 
strains 
tested 

Inhibited at meg/ml 
Organism s 

0.78 1.56 3.12 6.26 12.5 25 50 100 200 >200 

Shigella sonnei I 

Sh. sonnei form II 

Sh. flexneri 1 

Sh. flexneri 2 

Sh. flexneri 3 

Sh. flexneri 4 

Sh. flexneri 6 

Sh. boydil 1 

Sh. boydii 2 

Sh. boydii 4 

Sh. boydii 5 

Sh. dysenteriae 1 

Sh. dysenteriae 2 

Sh. dysenteriae 4 

Sh. dysenteriae 6 

Sh. dysenteriae 7 

Aeromonas sp. 

35 

7 

9 

49 

22 

7 

1 

4 

4 

1 

3 

2 

3 

4 

1 

1 

1 

35 

7 

9 

48 

22 

7 

1 

4 

4 

1 

3 

2 

3 

4 

1 

1 

1 

1 

_ 

— 

- 

- 

— 

_ 

848 

--     "-■       ■ i     -ITI   '■   -      ■'-  1 J 



Table 3 

SENSITIVITIES OF ENTERIC ORGANISMS TO FURAZOLIDONE 
1 April 1969 - 31 March 1970 

Organisms 
No. of 
strains 
tested 

Inhibited at meg/ml 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 >200 

Salmonella typhi 

S. kentucky 

S. derby 

S. moscow 

S. weltevreden 

S. oslo 

S. panama 

S. muenchen 

S. Stanley 

S. senftenberg 

S. lexington 

S. heidelberg 

S. typhimurium 

S. bovismorbificans 

S. virchow 

S. tennessee 

S. tananarive 

S. ana turn 

S. meleagridis 

S. enteritidis 

S. newlands 

S. newport 

S. paratyphi B 

S. montevideo 

S. claibomei 

5 

2 

55 

3 

15 

4 

55 

1 

8 

1 

6 

2 

7 

3 

4 

2 

7 

4 

2 

1 

11 

11 

6 

1 

3 

5 

2 

53 

3 

11 

3 

50 

1 

8 

1 

3 

2 

7 

2 

4 

2 

7 

4 

2 

1 

11 

11 

6 

1 

2 
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Table 3     (Cont'd) 

No. of 
strains 
te sted 

Inhibited at meg/ml 
Organisms 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 >200 

Shigella sonnei formi 

Sh. sonnei form II 

Sh. flexneri 1 

Sh. flexneri 2 

Sh. flexneri 3 

Sh. flexneri 4 

Sh. flexneri 6 

Sh. boydii 1 

Sh. boydii 2 

Sh. boydii 4 

Sh. boydii 5 

Sh. dysenteriae 1 

Sh. dysenteriae 2 

Sh. dysenteriae 4 

Sh. dysenteriae 6 

Sh. dysenteriae 7 

Aeromonas sp. 

34 

10 

9 

49 

22 

7 

1 

4 

4 

1 

3 

2 

3 

5 

1 

1 
1 

33 

10 

6 

46 

19 

7 

4 

4 

1 

3 

2 

5 

1 

1 
1 

1 

3 

3 

1 

3 

1 

u 

- 

- 

- 

- 
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- 
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Tafck 4 

SENSITIVITIES OF ENTERIC ORGANISMS TO AMPICILLIN 
1 April 1969-31 March 1970 

Organisms 

Salmonella typhi 

S. Kentucky 

S. derby 

S. moscow 

S. weltevreden 

S. oslo 

S. panama 

S. muenchen 

S. Stanley 

S. senftenberg 

S. lexington 

S. heidelberg 

S. typhimurium 

S. bovismorbificans 

S. virchow 

S. tennessee 

S. tananarive 

S. anatum 

S. meleagridis 

S. enteritidis 

S. newlands 

S. newport 

S. para typhi B 

S. montevideo 

S. claibomei 

No. of 
strains 
tested 

Inhibited at meg/ml 

0.78 

5 

2 

55 

3 

15 

4 

55 

1 

8 

1 

6 

2 

6 

3 

4 

2 

7 

4 

2 

1 

11 

11 

6 

1 

3 

5 

2 

52 

3 

12 

4 

2 

1 

8 

1 

5 

2 

5 

3 

3 

2 

6 

3 

2 

1 

11 

11 

6 

1.56 3.12 6.25 12.5 25 50 1001 200|>200 

2 

52 
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Table 4.    (Cont'd) 

[No. of Inhibited at meg/ml 
Organisms strains 

tested 0.78 1.56 3.12 6.25 12.5 25 50 HOC 200 1>200 

Shigella sonnei form I 

Sh. sonnei form II 

Sh. flexneri 1 

Sh. flexneri 2 

Sh. flexneri 3 

Sh. flexneri 4 

Sh. flexneri 6 

Sh. boydii 1 

Sh. boydii 2 

Sh. boydii 4 

Sh. boydii 5 

Sh. dysenteriae 1 

Sh. dysenteriae 2 

Sh. dysenteriae 4 

Sh. dysenteriae 6 

Sh. dysenteriae 7 

Aeromonas sp. 

33 

10 

9 

49 

22 

7 

1 

3 

4 

1 

3 

2 

3 

5 

1 

1 

1 

21 

1 

8 

44 

18 

4 

1 

2 

■i 

1 

2 

1 

1 

1 

1 

6 

5 

1 

1 

2 

2 

1 

2 

1 

1 

1 

1 

1 

1 

- 

3 

2 

1 

1 

1 

3 

3 

! 2 

2 

1 

— 

1 
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TaMe_5 

SENSITIVITIES OF ENTERIC ORGANISMS TO NEOMYCIN 
1 April 1969-31 March 1970 

No. of 
strains 
t^st^d 

|                   Inhibited at meg/ml 
Organisms 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 >200 

Salmonella typhi 

S. kentucky 

S. derby 

S. moscow 

S. weltevreden 

S. oslo 

S. panama 

S. muenchen 

S. Stanley 

S. senftenberg 

S. lexington 

S. heidelberg 

S. typhimurium 

S. bovismorbificans 

S. virchow 

S. tennessee 

S. tananarive 

S. anatum 

S. meleagridis 

S. enteritidis 

S. newlands 

S. newport 

S. paratyphi B 

S. montevideo 

S. claibornei 

5 

2 

55 

3 

15 

4 

55 

1 

8 

1 

6 

2 

7 

3 

4 

2 

7 

4 

2 

1 

11 

11 

6 

1 

3 

4 

2 

38 

2 

6 

3 

4 

4 

2 

3 

1 

2 

2 

1 

8 

5 

5 

11 

1 

4 

3 

2 

1 

5 

2 

3 

1 

1 

1 

5 

3 

1 

4 

1 

1 

1 

3 

1 

1 

6 

1 

2 

1 

1 

2 

2 

- 

1 

1 

1 

-, 

- 

2 

1 

6 

3 

40 

1 
— 
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Table 5.    (Cont'd) 

No. of 
strains 
tested 

Inhibit ;ed at meg/ml 
Organisms 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 >200 

Shlgella sonnel form I 

Sh. sonnel form II 

Sh. flexnerl 1 

Sh. flexnerl 2 

Sh. flexnerl 3 

Sh. flexnerl 4 

Sh. flexnerl 6 

Sh. boydll 1 

Sh. boydll 2 

Sh. boydll 4 

Sh. boydll 5 

Sh. dysenterlae 1 

Sh. dysenterlae 2 

Sh. dysenterlae 4 

Sh. dysenterlae 6 

Sh. dysenterlae 7 

Aeromonas sp. 

34 

10 

9 

48 

22 

7 

1 

4 

4 

1 

3 

2 

3 

4 

1 

1 

1 

6 

1 

2 

2 

3 

1 

1 

1 

1 

11 

2 

6 

7 

1 

1 

1 

11 

2 

6 

20 

11 

3 

1 

2 

1 

1 

2 

2 

2 

10 

1 

2 

1 

1 

9 

1 

4 

1 

- 

" 

1 

1 

4 

4 

2 

2 
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Table 6 

SENSITIVITIES OF ENTERIC ORGANISMS TO OXYTETRACYCLINE 
1 April 1969 - 31 March 1970 

Organisms 
No. of 
strains 
tested 

Inhibited at mcg/ml 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 |>200 

Salmonella typhi 4 - - 2 1 1 - - - - - 

S. kentucky 2 - - !   - - - - - - - 2 

S. derby 55 - 1 42 5 5 - - - - 2 

S. moscow 3 - - 2 1 - - - - j   - - 

S. weltevreden 15 - - 9 2 - - - - 1    - 
S. oslo 4 1 1 2 - - - - - - 

S. panama 55 3 7 38 1 - - - - 5 

S. muenchen 1 - - 1 - - - - - - 

S. Stanley 8 - 1 4 2 - - - 

S. senftenberg 1 - - 1 - - - - - - - 

S. lexington 6 - - 3 2 - - - - - 

S. Heidelberg 2 - - 2 - - - - - - - 

S. typhimurium 7 1 - 1 2 1 - - - 1 

S. bovipmorbificans 3 - 1 1 - - - - - - 1 

S. virchow 4 - - 3 - - 1 - - - - 

S. tennessee 2 - - - 1 - - - - - 

S. tananarive 7 - 1 1 1 3 - - - - - 

S. anatum 4 - - 2 1 - 1 - - - 

S. meleagridis 2 - - - 2 - - - - - 

S. enteritidis 1 - - - 1 - - - - - - 

S. newlands 11 - 1 4 4 2   1 - - - - - 

S. newport 11 - - 4 2 5 - - - - - 

S. paratyphi B 6 - - 3 2 -   | - - - - 1 

S. montevideo               j 1 - - -   | - - - - - - 1 

S. claibomei                 ! 3 - -   1 3 -   j - - - - - - 
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Table 6.    (Cont'd) 

No. of 
strains 
tested 

Inhibited at meg/ml 
Organisms 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 >200 

Shigella sonnei form I 34 - 1 4 - - 1 14 5 2 7 

Sh. sonnei form 1.1 10 - - - - - - - 3 7 

Sh. flexner: 1 9 - - - 1 - - 1 - 7 

Sh. flexneri 2 49 8 2 3 1 11 16 3 2 2 1 

Sh. flexneri 3 22 - - 1 - - 1 3 - 11 6 

Sh. flexneri 4 7 - - - . - - - 3 1 - 3 

Sh. flexnen S 1 - - - - 1 - - - - - 

Sh. boy^r;  . 4 - 1 1 - - - - - 1 1 

Sh. boydii 2 4 - 1 - - - - - - - 3 

Sh. boydii 4 1 - - 1 - - - - - - 

Sh. boydii 5 3 - 2 - 1 - - 

Sh. dysenteriae 1 3 - - 1 - - - - 1 - 1 

Sh. dysenteriae 2 3 - - — - - - - - 2 1 

Sh. dysenteriae 4 4 - 1 - - - - - 3 

Sh. dysenteriae 6 1 - 1 - - - - - - - - 

Sh. dysenteriae 7 1 - - 1 - - - - - - - 

Aeromonas sp. 1 1 - - - — - - - - - 
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Table 7 

SENSITIVITIES OF ENTERIC ORGANISMS TO CHLORAMPHENICOL 
1 April 1969  - 31 March  1970 

Organisms 
No. of 
strains 
tested 

Inhibited at meg/ml 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 ^200 

Salmonella typhi 5 1 1 3 |   - - - - - - |    - 

S. Kentucky 2 
! 2 - - - - - - - - - 

S. derby 55 10 24 12 3 4 1 - - - 1 

S. moscow 3 2 - 1 - - - - - |   - - 

S. weltevreden 15 2 4 3 2 1 - - 1 1 1 

S. oslo 4 - 4 - - - - - - - - 

S. panama 55 1 7 21 8 12 5 - 1 - - 

S. muenchen 1    . - - 1 - - - - - - - 

S. Stanley 8 1 4 0 - - - - - - - 

S. senftenberg 1 - - 1 M - - - - - - 

S. lexington 6 1 2 3 - - - - - - - 

S. Heidelberg 2 - 2 - - - - - - - - 

S. typhimurium 7 1 3 2 - - - - - - 1 

S. bovismorbifleans 3 1 1 - 1 - - - - - - 

S. virchow 4 1 1 1 1 4 - - - - - 

S. tennessee 2 - - 2 - - - - - - - 

S. tananarive 7 5 2 - - ** "* - ** - - 

S. anatum 4 1 - 1 1 - 1 - - - - 

S. meleagridis 2 - 1 _ - 1 - - - - - 

S. enteriüdis 1 - - - 1 - - - - - - 

S. newlands 11 1 5 4 1 - - - - - - 

S. newport 11 1 4 6 - - - - - - - 

S. paratyphi B            ] 6 1 1 3 - 1 - I - - - 

S. montevideo 1 - - - - - - - - - 1 

S. diaibomei              | 3 1 — — 2 -• ■• ■"• 1 ""   1 *~  1 "" 
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Table 7.    (Cont'd) 

No. of 
strains 
tested 

Inhibited at meg/ml 
Organisms 

0.78 1.56 3.12 6.25 12.5 25 50 100 200 >200 

Shigella sonneiforml 34 2 3 - - - - - 1 3 25 

Sh. sonnei form II 10 - - - 1 1 - 1 - - 7 

Sh. flexneri 1 9 1 - - - 1 - - 4 - 3 

Sh. flexneri 2 49 10 1 - - 1 - 5 25 5 2 

Sh. flexneri 3 22 1 - - - 1 - 1 12 7 

Sh. flexneri 4 7 - - - - 1 - - - - 6 

Sh. flexneri 6 1 - - - - - - 1 - - - 

Sh. boydii 1 4 1 1 - - - 1 - - - 1 

Sh. boydii 2 4 1 - - - - - - - 2 1 

Sh. boydii 4 1 - - 1 - - - - - - - 

Sh. boydii 5 3 1 1 - - 1 - - - - - 

Sh. dysenteriae 1 2 - - 1 - - - - - 1 - 

Sh. dysenteriae 2 3 2 - 1 - - - - - - - 

Sh. dysenteriae 4 4 1 1 - - - - - - - 2 

Sh. dysenteriae 6 1 1 - - - - - - - - - 

Sh. dysenteriae 7 1 - - - - 1 - - - - - 

Aeromonas sp. 1 1 - - - - - - - - - 
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Table 8.  Obligate Anaerobes from Stools of Thai Children with Acute 
Diarrhea 

Organigpi Nymber Qf Igplateg 

Bacteroides fragilis 86 

Bacteroides incommunis 76 

Bacteroides variabills* 58 

Dialister pneumosintes 56 

NCDC group F-2* 45 

Bacteroides oralis 20 

Bacteroides melaninogenicus 12 

Fusobacterium fusiforme 10 

Bacteroides corrodens 2 

Sphaerophorus necrophorus 2 

Bacteroides terebrans 1 

*   National Communicable Disease Center Classification scheme. 
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Table 9.  Effect or lodochlorhydroxyquine (ICHQ) on Vibrio Excretion of 
Cholera Patients in Thailand 1968-1969 

Treatment 
groups No. of Patients Excreting Vibrios Through Day 

ICHQ 

Control 

Day   0123 4567 89      10 

39      36     31       30       22       16       11 6 3        10 

29      26     25       22       21       18       15 10 8 0 

Table  10.   Distribution of NAG Vibrios Isolated from Food Handlers, 
Ubol City July 1969 

Heiberg group 

I 

II 

III 

IV 

V 

VI 

No. 

5 

6 

0 

1 

7 

Total 19 
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Acute Bacterial Meningitis in Thai Children 

Coordinator: 

Principal Investigators: 

Associate Investigators: 

Assistant Investigators: 

Howard E. Noyes, Ph.D., Chief, Department 
of Bacteriology and Mycology 

Chiraphun Duangmani, M.D. 
Howard E. Noyes, Ph.D. 
Prakit Kasemsam, M.D.* 
Pramuan Sunakom, M.D.* 

Udom Lexomboon, M.D.* 
Pethai Mansuvan, M.D.* 
Pitsawas Thongphakdi, M.D.* 

Yachai Ampaipast, B.S. 
Panyasri Benjado1, M.S. 
Chantana Ratanavaraha, B.S. 
Yongyuth Raengpradub, B.S. 

OBJECTIVE: This is a continuation of a study of bacterial meningitis 
in children at Children's Hospital, Bangkok, Thailand. The objectives 
of this study are to determine the etiology of these infections, deter- 
mine the antibiotic sensitivities of the causal agents, and compare 3 
antimicrobial regimens for the treatment of these patients. 

DESCRIPTION: All patients with suspected bacterial meningitis admitted 
to Children's Hospital were included in this study. Antimicrobial 
therapy was based on order of admission. Daily administration consisted 
of (1) 10 megaunits of intravenous penicillin G sodium plus 50 mg/kg of 
intramuscular kanamycin sulfate, or (2) the same dosage of penicillin 
plus 100 mg/kg of intramuscular chloramphenicol, or (3) ISO mg/kg of 
intravenous sodium ampicillin. All regimens were divided into 4 doses 
which were given at 6 hour intervals. 

Diagnostic lumbar punctures were made on the first day of hospitalization 
and spinal fluids were examined for appearance, protein, sugar and chlo- 
ride content, cell counts and differentials, and bacteria as revealed 
by gram stains and cultures. Other procedures included routine blood 
counts, urinalysis, stool examinations in patients with diarrhea, blood 
sugar determinations and bacteriological cultures of cerebrospinal fluid 
and blood. 

Response to therapy was evaluated by the usual clinical criteria, includ- 
ing duration of fever, improvement of neurologic status, and decrease in 
peripheral blood leucocyte count with a return of the differential count 
toward normal and in improvement in C.S.F. findings (including pressure, 
cell count, percentage of polymorphonuclear leucocytes, and glucose and 
protein content). Outcome of therapy was evaluated according to the 

♦Children's Hospital, Bangkok, Thailand 
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patient's courses in the hospital, clinical status at the time of dis- 
charge and, whenever possible, a follow-up study one year after discharge. 

PROGRESS: Seventeen of the 24 patients studied during this period were 
less than one year old and all but one were seriously ill when hospita- 
lized. Organisms isolated from CSF specimens are shown in Table 1. 
Concomitant septicemias were noted in the patients infected with 
Escherichia coli, Candida albicans and in 2 of the 5 patients infected 
with Diplococcus pneumoniae. Antibiotic sensitivity tests indicated 
that all isolates of D. pneumoniae were sensitive in vitro to penicillin 
and ampicillin and all isolates of H. influenzae were sensitive to ch] r- 
amphenicol and ampicillin. Including the 44 patients studied before 
this reporting period, the mortality rate of patients infected with £. 
pneumoniae was 47.6% as compared with 41.1% in patients infected with 
H. influenzae. 

SUMMARY: A study of acute bacterial meningitis in Thai children has been 
continued. Results to date indicate that the causal agent is 
£. pneumoniae or H. influenzae in most cases. While all isolates of D. 
pneumoniae were sensitive in vitro to antibiotics in each regimen, the 
mortality rate was 47.6%. The mortality rate of patients with H. in- 
fluenzae meningitis was 41.1%. There are too few patients in each group 
to enable meaningful comparisons of therapeutic regimens at this time. 

Table 1 Purulent Meningitis in Children by Etiology and Outcome 

Clinical result Case fatality 

Lived Died % 

Diplococcus pneumoniae 4 1 20       1 

Haemophilus influenzae 3 1 25 

Salmonella newport 1 0 
0       1 

1 Escherichia coli 0 1 10       | 

Candida albicans 1 0 0 

Negative cultures 1    8 4 33 

Total 17 7 29.1       1 
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Coordinator: 

Acute Pneumonitis in Thai Children 

Howard E. Noyes, Ph.D., Chief,  Department 
of Bacteriology § Mycology 

Principal  Investigator: 

Associate Investigators; 

Assistant  Investigators: 

Pramuan Sunakorn, M.D.* 

Chiraphun Duangmani, M.D. 
Howard E.  Noyes,  Ph.D. 
Lloyd C.  Olson, MAJ, MC 
Suthee Vallikul, M.D.* 

Tatsanee Occeflo, B.S. 
Yongyuth Raengpradub,  B.S, 
Sunee Yuvachitti,  R.N. 

OBJECTIVE:     Earlier studies at Children's Hospital,  Bangkok,  Thailand 
showed bacterial pathogens such as Diplococcus pneumoniae and Staphylo- 
coccus aureus could be cultured from throat and nasopharyngeal swabs 
of many children in the absence of clinical pneumonia.    Therefore    the 
interpretation of such cultures is difficult.    The objectives of this 
study are  (1)  to determine the etiology of acute pneumonitis of Thai 
children by culturing lung aspirates for bacteria and viruses,  (2) 
compare laboratory findings of nasopharyngeal and throat cultures to 
those of lung aspirate cultures, and  (3) obtain confirmatory information 
of diagnoses by analyses of acute and convalescent sera for antibodies 
to selected viruses and Mycoplasma pneumoniae. 

DESCRIPTION:    Excluding those with antimicrobial therapy prior to 
hospitalization, all patients with a clinical diagnosis of pneumonitis 
and with a definite shadow on their chest X-ray films were studied. 
Routine procedures used included AP and lateral chest X-rays, CBC includ- 
ing differential, tuberculin test,  and bacteriologic cultures of blood, 
nasopharyngeal swabs and throat, swabs.    Lung aspirates were obtained by 
Thai physicians at Children's Hospital and sent immediately to the 
laboratory for processing.    Additional X-rays were taken 24 hours later 
to detect possible complications. 

PROGRESS:     Twenty of 26 patients studied during this period were infants 
of 1 year or younger and 20 were males.    Lung aspirates were positive 
for £. pneumoniae in 6 patients, alpha hemolytic streptococcus in 1 
patient and Micrococcus spp.   in 1 patient.    One patient's  lung aspirate 
was negative on admission ' ut was positive at autopsy for Escherichia 
coli and Enterobacter aerogenes.    There were 3 instances where pneumo- 
cocci were cultured from blood, nasopharynx, or throat but not from 
lung aspirates.    The only isolation of Haemophilus influenzae was from 
the nasopharynx of a patient whose lung aspirate was positive for alpha 
hemoly';ic streptococcus.    Although all  lung aspirates and blood cultures 
were negative for Staphylococcus aureus,  this organism was  isolated 

*CiUidren,s Hospital,  Bangkok,  Thailand 
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from the nasopharynxes of 8 patients, throats of 2 patients and from 
both sites in 3 patients.    Results of virus and serological studies 
are not available at this time. 

SUMMARY:    A st idy has been initiated to determine the etiology of acute 
pneumonitis i . Thai children by culturing lung aspirates.    The bacterial 
pathogen isolated most frequently from lung aspirates was D. pneumoniae. 

Wound Infections 

Coordinator: 

Principal Investigators: 

Associate Investigator: 

Assistant Investigators: 

Howard E. Noyes,  Ph.D., Chief,  Department 
of Bacteriology 5 Mycology 

Tamrongratana Kaowkarn,  LTC, MC* 
Howard E.  Noyes,  Ph.D. 
Prapat Paktongchai, MAJ, MC* 

Chiraphun Duangmani, M.D. 

Panyasri Benjadol, M.S. 
Pavanee Prayongratana,  R.N. 
Curtis A.  Stewart,  SP6 
Sunee Yuvachitti, R.N. 

OBJECTIVE;    This study was designed to evaluate NeosporinW** as an 
adjunct to systemic antimicrobial therapy of infected traumatic wounds. 

DESCRIPTION:    Patients were Thai nationals hospitalized at Phra Mongkut- 
klao Hospital.    Specifically excluded from the study were penetrating 
wounds of the head, chest or abdomen.    Topical NeosporinW, a commer- 
cial mixture of necmycin sulfate, zinc bacitracin and polymyxin B, or 
a placebo was administered twice daily as an aerosol.    NeosporinW and 
placebo were in identical canisters marked A or B and the code will not 
be revealed until the study is completed.    Cultures for aerobic and 
anaerobic bacteriologic analyses were taken on the day of admission and 
each Monday, Wednesday and Friday for a total of 10 days.    Clinical 
progress of patients was determined by daily observation of the wound 
by surgeons who assigned a number based on the scale shown in Table 1. 
Results were evaluated in terms of clinical changes of wounds and by 
quantitative and qualitative changes of the bacterial flora. 

PROGRESS:    A total of 23 patients have been studied.    There were no 
differences in the clinical progress of the wounds of the two groups 
during the first 7 days of treatment but wounds treated with Drug B 
were in better clinical condition by the tenth day of treatment.    Orga- 
nisms isolated most frequently from both treatment groups were 
Pseudomonas aeruginosa.  Streptococcus fecalis and coliform bacteria. 

*Phra Mongkutklao Hospital,  Bangkok,  Thailand 
**MNeosporin" Aerosol and placebo was supplied by Burroughs Wellcome 

5 Co.   (U.S.A.)  inc. Tuckahoe, N.Y. 
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Most bacterial isolates were sensitive to one or more of the three 
antimicrobials contained in Neosporin(R) and there was no evidence of 
increased resistance of bacterial isolates during the treatment period. 
Contrary to results of similar studies overgrowth by Staphylococcus 
aureus, Ps. aeruginosa or Candida a lb i cans has not been a serious 
clinical problem. 

SUMMARY: A double-blind study is being carried out to determine the 
effect of topical NeosporinW on the clinical progress and bacterial 
flora of infected traumatic wounds. Better clinical results have been 
noted in one of the two groups of patients but the bacteriological 
results are equivocal. Emergence of bacterial isolates resistant to 
the antimicrobials used or overgrowth by antimicrobial-resistant orga- 
nisms have not been noted. 

Table 1 Numerical Scale for Designating Status of Wounds 

1. Clean and closed primarily 
2. Open and clean, healthy granulation tissue 
3. Converted recently to clean open wound 
4. Open, not clean but improving 
5. Previously closed and opened for drainage 
6. Periwound erythema with edema, induration and tenderness 
7. Presence of foreign body 
8. Serous drainage 
9. Purulent drainage 

10. Necrotic tissue present 
a. Skin 
b. Muscle 

11. Wound deteriorating (further invasion, necrosis, increased drainage) 
12. Presence of crepitus 

Melioidosis 

Coordinator: Howard E. Noyes, Ph.D., Chief, Department 
of Bacteriology and Mycology 

Principal Investigators:   Pongsom Atthasampunna, M.D.* 
Richard A. Grossman, MAJ, MC 
Howard E. Noyes, Ph.D. 

Associate Investigators:   Paibul Busapathamrong, MAJ, MC, RTA** 
Prayoth Tanticharoenyos, DVM 
Markpol Tingpalapong, DVM 
Saridwongsa Wongsathuaythong, LTC, MC,RTA** 
William L. Wooding, MAJ, VC 

*0n loan from Dept of Health, Ministry of Public Health, Thailand 
**Dept of Medicine, Phra Mongkutklao Hospital, Bangkok, Thailand 
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Assistant Investigators:   Yupa Kasemsanta, P.H.N. 
Ovath Khunphol, R.N. 
Yongyuth Raengpradub, B.S. 
Chanphen Srimunta, B.S. 
Tasna Tamaarree, Dip. Med. Tech. 

I 
OBJECTIVE: This study was designed to determine the presence and distri- 
bution of Pseudomonas pseudomallei in Thailand and to evaluate its impor- 
tance as the causative agent of the disease, melioidosis. 

DESCRIPTION: Previous studies determined that Ps^. pseudomallei was 
present in the water and soil of southern and northeastern Thailand, and 
there was an association of serological activity of Thai people with the 
presence of the organism in the environs. Prior to this study no clini- 
cal cases of melioidosis in man and animals indigenous to Thailand have 
been described for 14 years. It was concluded that P£. pseudomallei 
is saprophytic in soil and water although it must still be regarded as 
a potential pathogen for man. 

Continuing studies during this period included analyses of water and 
soil for isolation of P£. pseudomallei, attempts to find clinical melioi- 
dosis in Thai nationals, a prospective epidemiological study of melioi- 
dosis which was initiated in late August 1968 in a small village where 
well water and soil were found to be contaminated with Ps_. pseudomallei. 
and determination in vitro antimicrobial sensitivities of pure cultures 
of Ps_.  pseudomallei isolated from water, soil and specimens from patients. 

PROGRESS: 1. Survey of water and soil for the presence of Ps. pseudoma- 
llei. Specimens were obtained during field trips on other SMRL studies 
because soil from most provinces in Thailand have been studied in previous 
years. Samples from Songkla and Yala in the South and Maehongsorn in the 
North were positive for Ps. pseudomallei. None of 15 specimens from 
Vientiane, Laos were positive for this organism. 

2. Case finding of clinical melioidosis in Thai Nationals and in animals. 
Attempts to find cases of clinica/ melioidosis were made in a Bangkok 
Hospital, a provincial hospital and by testing sera sent to this labora- 
tory for other studies. In Bangkok, Phra Mongkutklao Hospital of the 
Royal Thai Army was selected for continuing studies because it serves 
civilians as well as military personnel and cases are referred there from 
all parts of Thailand. Those considered most likely to have melioidosis 
are pulmonary disease patients. Sera were tested by the indirect HA 
test for antibodies and sputa were collected for isolation of the organism. 
Ten of 448 patients tested had significant HA titers (1:80 or higher) 
but none of 373 sputum specimens from 140 patients were positive for 
Ps^. pseudomallei. Five of 81 sera from patients of Songkla Provincial 
Hospital and sera from 4 of 234 residents of Mae Sarieng (Maehongsorn 
Province) had significant titers against Ps_.  pseudomallei. None of 67 sera 
submitted for febrile agglutination tests and 48 sera from Thai employees 
of an American military hospital in Bangkok had significant HA antibody 
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titers. Of 160 sera from rodents trapped at Sakaerat Research Station 
in Nakornrajsima Province, 30 sera from Cholburi Province, and 20 sera 
from rodents trapped in Kabinburi, Prachinburi Province, none had demon- 
strable HA titers against Ps. pseudomallei. However 3 of 10 cattle sera 
from the ranch of the Accelerated Development Center in Kanchanaburi 
Province and 33 of 117 other bovine sera submitted by the Department of 
Veterinary Medicine had HA titers, but all were 1:40 or lower. 

3. Epidemiology of melioidosis at Ban Huay Jode, Thailand. In April 
1968 Ps. pseudomallei was isolated from a water sample obtained from a 
shallow roadside well in Ban Huay Jode village, Wattana Nakorn district, 
Prachinburi.  In May of that year a team returned to obtain blood speci- 
mens from the residents of the village, most of whom used the well water 
for all purposes. Twelve of 114 sera tested had antibody titers of 1:20 
or greater against Ps. pseudomallei and at that time the organism was 
isolated from neighboring wells and from soil taken near the wells. These 
wells had been dug only 3 years earlier so it was decided that this 
village offered an opportunity to study the epidemiology of melioidosis 
in a community where the population was continously exposed to Ps. 
pseudomallei. Details of the procedures used and preliminary findings 
are described in the 1968-1969 Annual Report. The study is a joint pro- 
ject between the Department of Bacteriology and Mycology and the Depart- 
ment of Epidemiology. 

Analyses of water sources and soil samples adjacent to water sources in 
the village and soil from designated sites of farming areas were analysed 
each month for ?s_.  pseudomallei. Twenty-six percent of the water and 20 
percent of the soil samples were positive with one or more water specimens 
being positive each time samples were obtained. The organism was isola- 
ted from farm soils more frequently in the rainy than the dry season. 
An additional 21 soil samples taken from the habitats of domestic animals 
were negative for Ps_.  pseudomallei. 

Sera from domestic animals were analysed for HA antibodies and it was 
found that water buffalo, cattle and dogs showed evidence of immunelogic 
response to £s. pseudomallei while, with one possible exception, none of 
39 fowls did so. Sera from 2 of 43 water buffaloes, 2 of 12 cattle and 
1 of 14 dogs were positive at significant titers. Stool specimens from 
12 water buffaloes, 2 cattle, 4 pigs, 1 chicken and 1 dog were negative 
when cultured for Ps. Pseudomallei. Fifty rodents representing 5 species 
were trapped in the village and rice fields for serum antibody determina- 
tions and for isolation of Ps. pseudomallei from their ectoparasites, 
internal organs and fecal contents. All were negative. 

Attempts to produce and study water-borne melioidosis in gibbons were 
continued. Water from a well known to be positive for Ps. pseudomallei 
was the sole source of drinking water for normal and splenectomized 
gibbons for 19 months. None of the gibbons developed clinical symptoms 
suggestive of melioidosis and none had measurable serum antibodies as 
measured by the HA procedure. 
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Blood specimens were voluntarily given by the residents every three month 
for determination of antibodies against Ps_.  pseudomallei by the indirect 
HA test. Results shown in Table 1 show that 28 percent of the 219 
residents tested had HA antibodies and 18% had significant titers of 1:80 
or greater. It was noted that only 4 of 84 children under 10 years of 
age had significant titers as compared with 16 of 49 in the 10-19 year 
old group. Overall more males than females had significant titers. It 
should be noted that these titers were not static in that 7 residents had 
titer rises of four-fold or greater, 3 residents had similar decreases of 
titers and 7 residents had rising and falling titers of four-fold or 
greater during this reporting period. Except for the 2 patients discussed 
below, no clinical illnesses suggestive of melioidosis were noted in any 
of the residents. 

Based on clinical findings, isolation of Ps. pseudomallei from sputa and 
serologic conversions, two brothers were HTagnosed as having clinical 
melioidosis. The first case was a 26 year old farmer who moved into this 
village with his family on 27 December 1968, but he had been working on 
a farm in this village for 2 years at that time. He was seen first at 
the village clinic on 22 January 1969 with complaint of tightness in the 
chest, He was given two doses of 300,000 u of crystalline penicillin G 
and 0.5 gm of tetracycline three times daily for 3 days. On 20 February 
he returned with a complaint of a productive cough in the mornings in 
addition to tightness in the chest. His lungs were clear on examination. 
A sputum specimen was taken for culture and, although direct streaking 
of the sputum yielded no Ps^. pseudomallei, the organism was isolated from 
heart blood of hamsters dying after innoculation with the specimen. On 6 
March he complained of anorexia and abdominal discofort. Again Ps. 
pseudomallei was isolated from heart blood of hamsters injected with 
sputum but not from the direct culture of the sputum. Indirect HA titer 
for Rs. pseudomallei which was less than 1:20 in January rose to 1:2,560. 
On 20 March he complained of fever and shaking chilis in the afternoons 
for the previous 5-6 days but his coughing had decreased. A history of 
past illness indicated he had chest pains before and had been to the 
Prachinburi Provincial Hospital in October 1965. A physical examination 
at that time revealed no positive signs and he was given symptomatic 
treatment. No chest X-ray was taken. Since then he had experienced 
chest pains with or without coughing from time to time. 

A physical examination carried out on 20 March 1969 revealed a 26 year 
old male with a temperature of 99.6 F and normal pulse and respiration 
rater-. There was tenderness of the left anterior chest wall at the 
3rd and 4th intercostal spaces. No crepitation or rhonchi were heard on 
ausculation. Liver and spleen were not palpable. A blood culture was 
negative but his serum antibody titer was 1:640. Immediate hospitaliza- 
tion in Bangkok was advised but the patient waited until 4 April when he 
was hospitalized at the Phra Mongkutklao (Thai Army) Hospital in Bangkok. 
A sputum specimen obtained the day before was negative for Ps_.  pseudomallei, 
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Laboratory studies were carried out on 9 April 1969.    His white blood 
count was 7,850/cu.nun. with 28% polymorphonuclear neutrophils,  70% 
lymphocytes and 2% eosinophils.    Hemoglobin was 11 grams %; VPC was 43 
volume % and ESR was 11 ram/h.    Other chemistry values and urinalysis 
findings were normal.    A stool examination was positive for hookworm 
ova.    Chest X-rays were normal.    Sputum cultures on 9 and 10 April were 
negative by direct culture but positive for Ps_. pseudomallei by hamster 
inoculation. His melioidosis HA titer on 8 April was 1:160. 

While in the hospital he had no fever;    the chest pain diminished;    the 
coughing became less frequent and sputum became scanty.    On 11 April he 
felt much better and could produce no sputum.    However, he was given 
0.5 g of chloramphenicol every 6 hours by mouth for a total dose of 25 g. 
On 16 April,  another chest X-ray was taken and was normal as before. 
Cultures of sputum specimens obtained on 16,  17,  18 and 21 April was 
negative and his melioidosis HA titer on 17 April was 1:1,280.    On 18 
April his WBC was 7,150/cu.mm. with 42% neutrophils,  55% lymphocytes and 
3% eosinophiles.    Hemoglobin was 14.1 g%;    VPC 44 vol.% and ESR10mm/h. 
He was discharged symptom-free on 23 April and remained free of clinical 
symptoms during this reporting period.* 

The second case was a 16 year old brother of the first case.    He was 
first seen at the village clinic in January 1969 with a history of chest 
pains after hard work and on cold days during the last year.    Physical 
examination revealed a young man too small for his age with normal chest 
findings.    In May 1970 he was taken to Prachinburi Provincial Hospital 
for chest X-rays which were normal.    His HA titer of serum taken at that 
time was less than 1:10.    On 25 July he returned to the clinic with 
complaints of fever and joint pain.    His HA titer had risen to more than 
1:10,240.    On 14 August he was seen with the same complaints plus pain 
in the calves.    He did not feel    feverish although his body temperature 
was 100 F.    His chest was clear and his liver and spleen were not palpable. 
There was slight enlargement of left submandibular lymph node.    Hemocultures 
yielded no growth and blood films for malarial parasites were negative. 
A sputum specimen was positive for Ps^. pseudomallei by hamster inoculation 
but not by direct culture.    His HA titer vs Ps^. pseudomallei was 1:2,560. 
On 11 September 1969 he felt weak and had a productive cough.    Sputum 
taken then was positive by both direct culture and hamster inoculation 
and his HA titer was 1:20,480.    Chest X-rays taken on 18 September were 
negative except for increased lung markings in the left upper lobe area. 
A CBC done on the same day revealed that he had Hgb 11 gm%, Hct 38%, WBC 
7,500 with 35% PMN, 53% L and 12% E.    Stool examination was positive for 
Taenia spp.  ova.    His sputum was again positive for P£. pseudomallei. 
No antibiotics were given and during the next month his cough and joint 
pains disappeared.    However his sputum was still positive and his HA titer 
was 1:655,360.    In November he felt much better but was unable to do 
hard work.    He had gained 5 lbs since September (from 80 to 85 lbs). 

*In mid April 1970 this patient had a relapse as indicated by isolation 
of Ps. pseudomallei from his sputum. 
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He was unable to produce sputum for culture during the remainder of the 
study period.    The result of his subsequent HA titers were as follows: 

Date HA titer 

11 November 69 
16 December 69 
14 January 70 
11 February 70 
12 March 70 

20,480 
5,120 

81,920 
20,480 
5,120 

He has had no additional clinical symptoms and had returned to his 
regular farm duties at the time this report was prepared in April 1970. 

4.    Antimicrobial sensitivities of Ps. pseudomallei.    The plate dilution 
procedure was used to determine antimicrobial sensitivities of 104 iso- 
lates of Vs_. pseudomallei isolates from water, soil, and specimens from 
patients with suspected melioidosis.    Overall these in vitro studies 
showed that the most effective antimicrobial studied was novobiocin 
followed in order of decreasing effectiveness by kanamycin,  chloramphe- 
nicol, oxytetracycline, rifampin,  and neomycin.    Isolates from patients 
tended to be more resistant than those from soil or water.    No isolates 
were sensitive to 0.78 racg/ml or less of any of the antimicrobials tested 
and none from humans was sensitive to 3.12 mcg/ml or less. 

SUMMARY:    During this period the presence of P£. pseudomallei was documen- 
ted in Yala, Songkla, Prachinburi and Maehongsom Provinces but was not 
detected in water soil samples from Vientiane, Laos.    Fifteen of 878 
TTiai nationals from the north, central and southern areas of Thailand 
had significant (1:80 or greater) HA titers against Ps. pseudomallei. 
Sera from water buffaloes and cattle (but not rodents) showed evidence 
of immunologic response to that organism.    Based on clinical and labora- 
tory studies a second melioidosis patient was diagnosed in Ban Huay Jode, 
a study area where 18% of the 219 residents tested had significant HA 
titers against Ps. pseudomallei.    In vitro studies of isolates of Ps. 
pseudomallei showed novobiocin was the most effective of the 6 antimicro- 
bials tested. 
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Insecticide Susceptibility in the Oriental House Fly 
(Musca domestica yicina) in Thailand 

Principal Investigators :      Michael F. Sullivan, CPT, MSC 
Somkiet Vongtangswad, MPH* 

Associate Investigator :       Pacharee Nawarat, B.S, 

Assistant Investigator :        Somboon Maneechai 

OBJECTIVE :   The oriental house fly (Musca domestica vicina) 
is common throughout Thailand.   Efforts to control this and 
other insect pests in Thailand by the widespread use of a 
variety of insecticides has led to the development of tolerance 
to these chemicals in several species.   The object of this study 
is to determine the susceptibility level of the oriental house fly 
to various insecticides that are at present or may be in the 
future used in Thailand for its control. 

DESCRIPTION :  Adult oriental house fly specimens are collected 
in the field, taken to SMRL and colonized.   Reared adult females 
are tested three to seven days after emergence in the Fj generation 
by methods outlined in Memorandum Number 3 (Methods for 
Determining the Susceptibility or Resistance of Insects to 
Insecticides) of the U.S. Armed Forces Pest Control Board. 

PROGRESS :   The level of insecticide resistance in the oriental 
house fly has been determined for DDT, malathion and lindane in 
Bangkok, Cholburi, Nakhon Ratchasima, Trat, Samut Songkhram 
and Nakhon Sawan (Tables 1 & 2).   The lethal concentration (LC) 
and lethal time (LT) values of the above strains are compared 
to that of a susceptible (USDA, Gainesville).   A ratio of three or 
greater indicates a significant level of resistance.   Significant 
resistance has been found to lindane in all areas tested, to DDT in 
Nakhon Ratchasima and Trat, and to malathion in Nakhon Ratchasima« 
Borderline levels of resistance were found to DDT in Cholburi and 
Samut Songkhram. 

*   Lecturer, School of Public Health, Mahidol University 
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Insecticide Tolerance Level of Fleas from Southeast Asia 

Principal Investigators: Edward W, Davis, SFC 
Nongnuj Maneechal 
Harold E. Stark, Ph.D. 

OBJECTIVE; To determine resistance in populations of fleas from 
Southeast Asia to commonly used insecticides. 

DESCRIPTION; Testing procedures were conducted in accordance with 
the recommendations of the World Health Organization.  Ten fleas 
were exposed for 1 hour to papers Impregnated with varying concen- 
trations of the Insecticides, and then permitted to rest on clean 
paper in test tubes for 23 hours. With replicates, up to 100 fleas 
were tested in each exposure. One major exception to the above 
involved exposure to DDT. Many colonies were so resistant to this 
chemical that no mortality occurred after 1 haur exposure to paper 
impregnated with 4 per cent DDT [the highest concentration provided 
by WHO].  Rather than Increase the concentration, exposure time to 
4 per cent DDT was increased to 2,4,8,16 and 32 hrs. 

Pesticides tested during this period included DDT, lindane, dieldrln, 
malathion, fenthion and carbaryl.  Impregnated papers were prepared 
according to WHO standard techniques and were supplied by WHO and 
US Army Environmental and Hygiene Agency. Papers impregnated with 
lindane and carbaryl were prepared by SEATO Medical Research Labora- 
tory in accordance with WHO standard techniques. 

PROGRESS; Preliminary tests in Bangkok and Nha Trang indicated 
existence of high resistance of the Xenopsylla cheopis populations 
in those two cities to chlorinated hydrocarbons, especially DDT. 
Colonies of Xenopsylla cheopis from the Vietnamese provinces of Darlac 
[Pleiku] Khan Hoa [Nha Trang], Tuyen Due [Dalat], and Binh Dinh [Qui 
Nhon] and from the provinces of Phranakhon [Bangkok], Surat Thani 
[Koh Samul], Nakhon Ratchasima [Korat] and Chieng Mai in Thailand 
were established in the SMRL insectary. In addition, a second spe- 
cies, Stivalius klossi, from Pak Thong Chai, Nakhon Ratchasima pro- 
vince,was tested for resistance/susceptibility to DDT, lindane, 
malathion, fenthion, and carbaryl. A strain of Xenopsylla cheopis 
from Florida [Gainesville], considered by USDA and the USPHS Techni- 
cal Development Laboratories to be susceptible to DDT, was used in 
these tests as a standard for comparison. 
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Separate colonies of X. cheopls. from the same site In Bangkok, were 
Initiated from different hosts [Rattus norvegicus and R. exulans]. 
Extensive tests [at least 15 each] were carried out with llndane and 
carbaryl. The LC50 and the mortality at different concentrations 
were so similar that the colonies were combined without regard to 
host of origin.  Comparisons of deaths of X. cheopls from exposure 
to all Insecticides were made on the basis of original collections 
from different hosts In Vietnam also, but not necessarily from the 
same site, and no significant differences were observed. The hosts 
were house shrew [Suncus murlnus], house rat [Rattus exulans], roof 
rat [R. rattus] and Norway rat [R. norvegicus]. 

Of particular Interest Is the fact that no change In resistance was 
evident on comparison of colonies of X. cheopls Initiated befcre and 
after a massive plague control dusting program was conducted In Viet- 
nam during 1968 and 1969 In which the principal Insecticide used was 
10 per cent DDT dust. Fleas were collected from Plelku, Dalat and 
Qul Nhon and tested both before and after the program, and no dif- 
ference In mortality to DDT or any other pesticide tested was noted 
in pre-and post-control program samples.  It Is possible that a 
change In level of resistance takes place over a period of time, 
though this could not be demonstrated with Vietnam colonies collected 
a few weeks apart following the plague control program. 

DDT: All X. cheopls from Vietnam tested were so resistant to DDT 
that the standard 1 hour exposure to DDT-lmpregnated paper was inade- 
quate to demonstrate any significant mortality. In hopes of demon- 
strating mortality and variation between collection sites, exposure 
times to 4 per cent DDT were increased to 1,2,4,8,16 and 32 hours. 
A few deaths [4 per cent-16 per cent mortality], resulted following 
4 hours exposure in 3 of 10 colonies and at 32 hours exposure some 
deaths [12-54 per cent of the fleas] occurred among all colonies. 
The LC50 could not be calculated since exposure to all other pesticides 
was for 1 hour. However 54 per cent of fleas from a colony established 
from Binh Dinh province [Qul Nhon, Tuy Hoa] died after 32 hours expo- 
sure to 4 per cent DDT. The mortality rate, following this exposure 
time, was less than 50 per cent of fleas for the other Vietnamese 
strains of X. cheopls tested. 

Xenopsylla cheopls from Thailand were highly variable in response to 
exposure to DDT.  Those from Koh Samul were as resistant as any from 
Vietnam; after 4 hours exposure to 4 per cent DDT only 2.1 per cent 
of the fleas died, and after 32 hours exposure only 27 per cent died. 
The only colonies of X. cheopls susceptible enough to calculate an 
LC50 [based on 1 hour exposure] came from Klong Toey in Bangkok and 
from Gainesville, Florida. The LC50 for the Gainesville strain was 
3.4 per cent. The WHO has established that the LC5Q for a susceptible 
strain of X. cheopls, unsexed, ranges from 0.35-0.7 per cent and the 
LCJ^Q from 2.0-4.0 per cent. On longer exposure, Gainesville fleas 
are clearly more susceptible than any from Vietnam or Thailand.  For 
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these fleas the mortality was 51 per cent after 1 hour, 54 per cent 
after 2 hrs., 92 per cent after 4 hrs., 98 per cent after 8 hrs and 
100 per cent after 16 and 32 hours,  respectively, exposed to paper 
impregnated with 4 per cent DDT.    A sylvan flea, Stivalius klossl, 
which occurs in Thailand in dry evergreen forest on Rattus surifer, 
was included in these for comparison since this species has probably 
never been exposed to DDT.    It was completely susceptible to DDT, 
for the LCIJQ for this species was 1.4 per cent.    The mortality of 
S, klossl exposed for 1 hour to 2 per cent DDT was 67 per cent [90 
fleas  tested].    After a 1 hour exposure to 4 per cent DDT mortality 
in S^. klossl was 97 per cent,  and a complete kill was obtained fol- 
lowing more than an hour's exposure. 

LINDANE AND DIELDRIN;    These insecticides were quite effective in 
the concentrations tested.    The LC30 for llndane with X.  cheopis 
from Vietnam ranged between 0.3 and 0.9 per cent and a mortality 
rate of 77-100 per cent was obtained after a 1 hour exposure to 
papers impregnated with 2 per cent llndane.    Fleas from Thailand 
were a little more susceptible.    The LC50 was between 0.2 per cent 
and 1.0 per cent when they were exposed to llndane Impregnated pa- 
pers.    Mortalities of 94-100 per cent occurred following a 1 hour 
•xposure to paper impregnated with 2 per cent llndane, while 75-100 
per cent of X. cheopis died after a 1 hour exposure to 1.6 per cent 
dieldrin.    The LCCQ for dieldrln ranged between 0.4 and 1.4 per cent. 

There appears to be some correlation between resistance of X. cheopis 
to DDT and resistance to llndane and dieldrln.    This was evident in 
colonies  from Pleiku and Nha Trang,  Vietnam and from Koh Samul, Thai- 
land [Table 1].    Dieldrln was tested against as many colonies as 
llndane.    Stivalius klossl was not resistant to llndane impregnated 
papers  [LC50 0.3 per cent llndane]. 

MALATHION AND FENTHION;    The organophosphates malathlon and fenthion 
appear to be satisfactory pesticides for controlling X.  cheopis. 
Results were quite uniform among the various colonies of X.   cheopis 
tested.    The LC50 for malathlon varied between 2 per cent and almost 
5 per cent.    When X.  cheopis was exposed to paper impregnated with 
5 per cent malathlon, mortality was about 60-100 per cent.    One hour's 
exposure of X.  cheopis to paper impregnated with 2.5 per cent fenthion 
weis highly lethal [between 84 and 100 per cent mortality].    Less than 
8 per cent of 40 Stivalius klossl exposed to paper impregnated with 
2.5 per cent fenthion died.     The mortality   rate   of 80 _S.  klossl ex- 
posed to paper impregnated with 5 per cent malathlon was only 30 per 
cent.     Thus, j3. klossl is apparently highly resistant to these two 
pesticides. 

CARBARYL:    Mortality from exposure to papers impregnated with varying 
concentrations of Carbaryl [Sevin] was erratic and sometimes difficult 
to correlate with a series of concentrations for a given colony.    The 
LC50 calculated for various strains of fleas varied from about 0.4 per 
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cent to more than 4 per cent.    Since a regular progression of mortal- 
ity was not always obtained, estimates of the LCCQ were not consid- 
ered reliable.    Furthermore, it was observed that Impregnated pa- 
pers deteriorated rapidly during testing procedures.    Thus further 
variation was thrown Into the accumulating results.    When the above 
difficulties with the bloassay were encountered,  a chemical assay of 
our test papers was undertaken on request of the USPHS Technical 
Development Laboratories In Savannah.    They determined that concen- 
trations In our freshly prepared test papers were very close to 
stated values. 

Another unexpected but Interesting problem was  that of quick knock 
down.    Fleas which appeared dead on removal from Impregnated papers 
often recovered after the 23 hour observation period.    An even more 
confusing fact was that often at higher concentrations different 
fleas were dead after the 23 hour period than were first knocked 
down.    Table 2 shows per cent knock down and mortality of fleas from 
all colonies from all areas combined.    The knock-down effect  [first 
column] appears to be negligible below a concentration of 0.25 per 
cent carbaryl.    In many Individual tests Involving 10 fleas the 
Initial knock down from higher concentrations exceeded final mortal- 
ity.    In the third column the values are really averages so these 
Individuals are not revealed.    The knock down effect Is not Increased 
beyond a concentration of 1 per cent carbaryl. 

When added together and averaged, the erratic results of each test 
become surprisingly uniform.    When fleas were exposed to 4 per cent 
carbaryl [the highest concentration prepared] the mortality averaged 
57 per cent for fleas from Vietnam and 60 per cent for fleas from 
Thailand.    The LC~Q averaged 1.2 per cent for Vietnamese strains and 
1.7 per cent for Thai fleas.    However,  the mortality within Indivi- 
dual colonies varied between 32 per cent and 90 per cent.    In view 
of the difficulty In finding differences,  and the apparent unrelia- 
bility of data obtained because of reasons discussed above, existence 
of resistance or susceptibility to carbaryl remains undetected.    Varia- 
tion between areas cannot be demonstrated. 

Values for X.  cheopls from Gainesville, Florida, and for Stlvallus klossl 
[Table 1] are within the range of values discussed above. 
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Distribution and Ecology of Ectoparasites of Vertebrates 
In Southeast Asia 

Coordinator: Douglas J. Gould,  Ph.D.,  Chief,  Department 
of Medical Entomology 

Principal Investigators: Carleton M. Clifford, Ph.D.1 

Panlta Lakshana, B.Sc. 
K.C.  Emerson, Ph.D.2 

Harry Hoogstraal, Ph.D.^ 
Joe T. Marshall, Ph.D. 
Harold E.  Stark, Ph.D. 

Associate Investigators: M. Nadchatram^ 
Edward W. Davis, SFC 
Inkam Inlao 
Nongnuj Maneechal 

Assistant Investigators: Nlttaya Klalmanee 
Prachong Punthuslrl 

OBJECTIVE:    To assemble Information on the 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 identi- 
fied at SMRL or submitted to specialists abroad for Identification. 
Allquots of collections used for Inoculations of test animals are 
given priority In these Identifications.    Studies on the taxonomy 
and ecology of the various vertebrate hosts are also conducted. 

PROGRESS:    During this period ectoparasites were collected from 
small mammals trapped In three habitats representative of a major part 
of Thailand-dry evergreen forest,  deciduous dlpterocarp forest and 

1 Rocky Mountain Laboratory, Hamilton, Montana 
2 Office of the Assistant Secretary Research and Development, 

Dept of the Amy, Washington,  D.C.  20310 
3 Head, Medical Zoology, US Naval Medical Research Unit No.3 Cairo, Egypt 
4 Institute for Medical Research, Kuala Lumpur, Malaysia 
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land under agricultural use-to determine the types of ectoparasite 
faunas associated with these habitats.    Grids of 81 trap sites have 
been established In each of the first two types of habitat at the 
Trend site at Sakaerat In Nakhon Rachaslma province,  and collections 
of mammals have been made on four consecutive nights each month to 
measure  the response of ectoparasite populations to seasonal changes. 
A total of 432 collections of mammals have been made In the three 
areas to date.    Analysis of data on the relative abundance, habitat, 
host and seasonal distribution of ectoparasite species from these 
areas Is underway. 

The Immature stages of four species of ticks collected during this 
period,  Dermacenter auratus, Haemaphysalis bandlcota» Rhiplcephalus 
sangulneus and Ixodes granulatus were reared through to the adult 
stage at SMRL.    Eggs have been obtained from the first three species, 
and It is anticipated that colonies of these species will be esta- 
blished for use in insecticide susceptibility tests and possible 
virus and rickettslal transmission studies.    Host and distribution 
records on ticks  collected in Thailand by SMRL and from other sources 
have been compiled and a summary of these data for the 48 species 
recorded from the kingdom is given in Table 1. 

Three species of tromblculid mites described from Thailand, but not 
previously represented in SMRL collections, were identified during 
this period.    These species were 1] Ascoshongastla (Laurentella) 
kit til from Rattus rattus, R.  sab anus and R.  fulvescens in Chieng Mai, 
2]  Sasatrombicula siamensis from Rhinolophus luctus in Chieng Mai, 
and 3]    Whartonia prima from Hipposideroa armlger in Chantaburi pro- 
vince.    A fifth species, Leptotrombidium (L.) nakatae collected in 
Chlengmal,   constitutes a new record for Thailand. 
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Plague Occurrence in Wild and Domestic Rodents and their Fleas, 

s 
Principal Investigator: Harold E. Stark, Ph.D. 

Associate Investigators: Jung Hyun Cho, MD* 
Choon Hyun Hwang, MD* 
H. Kim D.V.M.* 

Assistant Investigators: Edward W. Davis, SFC 
Edward Hubster, SFC*""' 
Sung Chan Lee* 
Sang Chan Nam* 

OBJECTIVE; To assess the relative importance of domestic rodents 
and their fleas as related to plague in South Vietnam. 

DESCRIPTION; Data concerning the occurrence of plague, fleas and 
urban and rural pest mammals were made available from the plague 
laboratory at the Institute Pasteur in Saigon [sponsored by Walter 
Reed Army Institute of Research Medical Team]. Data were obtained 
from ongoing routine small mammal collections [surveys to detect 
plague] by the 20th Preventive Medicine group and the Ministry of 
Health. A large amount of data was also provided by the Korean 
Preventive Medicine Team. These data are the outgrowth of a pro- 
ject commenced by SEATO Medical Research Laboratory when a plague 
laboratory was set up at the Institute Pasteur in Nha Trang. The 
work of receiving small mammal collections in region II in coastal 
and highland areas has continued.  Completion of the tabulation of 
these data is now underway at SEATO. 

RESULTS; During the period from September 1967 through September 
1969 a total of 14, 064 hosts belonging to the species Suncus muri- 
nus, Rattus norvegicus, R. rattus, R. exulans, Bandicota indica and 
IJ. bengalensis were submitted to the plague laboratory at Saigon. 
Occasional captures of other hosts [85 specimens] include such spe- 
cies as Tupaia glis, Herpestes javanica, Rattus rajah. R. diardi, 
R. jalorensis and R. argentiventer. From the period January 1967 
through April 1969 a total of 1012 fleas from the 6 principal hosts 
submitted to the Saigon laboratory were identified. From the collec- 
tions submitted to the plague laboratory in Nha Trang from October 
1968 through January 1970 a total of 2463 hosts were examined and 

* Korean Preventive Medicine Team, Region II, Nha Trang 
** US Array Medical Research Team [WRAIR] Saigon 
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the majority of these belonged to the same 6 principal host species. 
During the same period a total of 5026 fleas were identified in the 
plague laboratory at Nha Trang. 

Of the 1012 fleas identified at Pasteur Institute in Saigon 99.5% 
were Xenopsylla cheopis and 0.5% were other species [Ctenocephalides 
felis, C. canls and wild rodent fleas].  The list of flea species 
other than X. cheopis is larger from data collected at the Nha Trang 
laboratory and the proportion of X. cheopis is less [nearly 90%]. 
Wild rodent fleas continued to be identified and species are the same 
as were presented in the annual report of 1969. Published accounts 
Indicate the proportion of X. cheopis to other species in Hanoi is 
only 68% so there appears to be a decrease in relative prevalence of 
X. cheopis from south to north. 

The mean number of X.cheopis per infested host [6 common hosts] is 
1.50 for Saigon data. The preferred hosts for X. cheopis are proba- 
bly Rattus norvegicus and Rattus rattus. For these rats the mea;: 
number of X. cheopis per infested host averaged 2.5 and 2.6 respec- 
tively, according to Saigon data. R. exula^s had only 0.55 fleas 
per infested host which suggests R. exulans is less suitable host 
for X. cheopis. Suncus murlnus had 1.2 fleas per Infested host and 
Bandicota indica and jJ. bengalensis seldom had fleas. In a few 
rural areas bandicoots had numerous X. cheopis. In these places 
they averaged 2.0 and 4.6 fleas per host. From Nha Trang, mean num- 
bers of fleas per host were nearly twice those from Saigon data 
indicating fleas to be more numerous farther north. In rural Delta 
areas the flea index was very low. This is consistent with the low 
human plague incidence in the Delta area as opposed to higher Inci- 
dence in the Central Highlands and coastal area of south central 
Vietnam. 

Populations of the 6 common host species fluctuate greatly, but no 
seasonal correlation was evident with this phenomenon. It is assumed 
that the animals replaced one another over periods of time. In Saigon 
the populations were more constant, with R. norveglcus predominant. 
In Cam Ranh Bay, R. norveglcus was replaced almost entirely by R. 
rattus over a long period of time starting in January J969. The 
remaining 4 species [R. exulans, S^ murlnus, IJ. indica and B^. ben- 
jgalensis]also Increased in proportion.  In Tay Ninh, which is more 
rural, R. norveglcus appeared only occasionally and bandicoots 
assumed the predominant role, their numbers fluctuating in relation 
to populations of other mammals. 
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Pasteurella pestis Infection in Humans, 

Principal Investigator: Jatnes H. Rust, Jr., Ph.D. 

Associate Investigators: Jung Hyun Cho, MD* 
Choon Hyun Hwang, MD* 
H. KiiB D.V.M.* 

Assistant Investigators: Edward W. Davis, SFC 
Edward Hubster, SFC** 
Sung Chan Lee* 
Sang Chan Nam* 

OBJECTIVE: To determine extent of inapparent Pasteurella pestis 
infection in humans. 

DESCRIPTION:  According to description given for this report for 
the period 1 April 1968 to 31 March 1969 residents of Nha Trang 
in high risk areas who had been bled in January 1969 indicated 
they would submit to a second bleeding the following May. 

PROGRESS: During December 1968 and January 1969, 113 sera were 
collected, mostly from school children aged 13 through 18, in the 
city of Nha Trang. Of 28 sera from non-immunized individuals, 
9 positives [32.1%] were demonstrated [hemagglutination test] while 
26 positive sera [36.1%] were demonstrated from 72 individuals who 
had received immunization. Thirteen individuals were uncertain as 
to täeir immunization status.  Sera from 18 of the original 113 
individuals were obtained 4 to 8 weeks later. On testing these 18 
sera for plague antibody, the one positive sera remained positive, 
while two individuals converted from sero-negative to sero-positive 
in the absence of overt clinical disease or immunization. 

These observations suggest that naturally occurring, sub-clinical 
plague infections might be one mechanism for the decline of apparent 
urban plague, by the process of natural immunization. 

*Korean Preventive Medicine Team. Region II, Nha Trang 
**US Army Medical Research Team [WRAIR] Saigon 
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Project 3A062110A811   MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 046, Parasitic infections of man and animals 

Investigators. 
Principal:     Carter L. Diggs, LTC, MC 
Associate:   Warren Y. Brockelman, CPTf MSC, Tanongsak Bunnag, 

M.D., Damri Chawalitrutiwong, Tan Chongsuphajai- 
siddhi, M.D., Ph.D., Nipon Chuanak, Dhira S. Comer, 
M.D., Svasti Daengsvang, Med.DtKanjika Devakul, 
M.D., Ph.D., Robert Gentzel, SSG, Douglas J. Gould, 
Ph.D., Dhawee Guname, B.Sc, Bruce A. Harrison, 
CPT, MSC, D.O. Johnsen, MAJ, VC, Kanokwan 
Kanakakom, B.Sc, Ratanaporn Kasemsuthi, B.Sc, 
Angoon Kiettivuti, M.S., Pravet Lertprasert, Rapee 
Machimasatha, B.Sc, George S. Manning, CPT, MSC, 
Ronald E, Marshall, SP5, E-5, Aumpon Na-nakom, 
Tongchai Papasarathom, M.D., M.P.H., S.M. 
(Harvard), Katchrinnee Pavanand, M.D., Bamyen 
Permpanich, R.N., Pirom Phisphumvidhi, B.Sc, 
Sajee Pinnol, Sompone Punyagupta, LTC, MC, 
Thamma Sakulkaipeara f Boonsiri Sermswatsri, Phaibul 
Sirichakwal, B.Sc, Prasit Sookto, Vivat Suthivong, 
DVM, Prayot Tanticharoenyos, D.V.M., Terdpone 
Tesprateep, DVM, Stanley W. Theune, MSG, Chirapan 
Vinagupta, M.T., Vithoon Viyanant, B.S., Sopon 
Vuthara, Kitti Watanasirmkit, B.S., William L. Wooding, 
MAJ, VC, Paisal Yingyourd, B.Sc, Pichit Youngyi, B.Sc. 
Vithune, Yuthasastr-Kosol, M.D. 

Pathology of Domestic Animals of Thailand 

Principal Investigators: William L. Wooding, MAJ, VC 
Vivat Suthivong, DVM1 

Terdpone Tesprateep, DVM 

1 Bangkok Abattoir. 
2 School of Veterinary Medicine, Chulalongkorn University, 
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Assistant Investigators: Sopon Vuthara 
Damri Chawalitrujiwong 

OBTECTIVE;    A study of grossly vlsable parasites and pathological 
conditions in animals in Thailand. 

DESCRIPTION;    Parasites and pathology specimens were collected, 
photographed and prepared for microscopic examination.   Animals from 
which specimens were taken included water buffalo, cattle, pigs, dogs, 
wild cats, and domestic cats.   Because records of parasite or pathology 
incidence were not kept, a rough impression of incidence was all that 
was possible. 

PROGRESS; Conditions occurring in pigs, buffalo, and cattle at the 
abattoir will be listed in decreasing order of incidence according to 
the records of the Bangkok Municipal Abattoir, 

Pias. 
Macracanthorvnchus hirudinaceous. the thorny-headed worm, an 
acanthocephalid, lodges in the small intestine and often results in 
enteritis or peritonitis.   The incidence of this parasite is 3.7%. 

Cvstlcercus cellulosa, the larval form of the tapeworm, Taenia solium 
occurs in about 1.3% of the animals and is commonly seen in pectoral 
and thigh muscles and the heart. 

Stephanurus dentatus.   the kidney worm which encysts in the perirenal 
area and tunnels into the ureter, is seen in about 1% of the pigs.   This 
parasite has not been reported in Thailand according to Segal's compre- 
hensive review . 

Meta strongvlus apri. the lung nematode of swine, occurs in 0.9% of the 
pigs and will also infect cattle, sheep, dog and man. 

Hog cholera # or swine fever, is an acute viral disease of swine with 
100% mortality.   Although the occurrence in the slaughter house is 
.01%, one of the animals necropsied came from a neighboring pig farm 
that had lost 200 pigs in one week. 

Cattle And Buffalo. 

Paramhistoma, or rumen flukes are not reported in Thailand by Segal 
or Mohan(2).   However, according to abattoir records, 100% of the cattle 
and buffalo are infected with this parasite.   These are twenty-four members 
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of the paramphistome but after attempting to classify, we agree with 
Soulsby who says "classification of the Paramphistomes should be left 
to the experts "v*), 

Sarcosporidia. a muscle inhabiting protozoal parasite is present in 82% 
of the buffalo at the Bangkok Abattoir.   This unusual parasite has been 
classified as a fungus and protozoa but current toxonomists place it in 
the Protozoa in an order with the toxoplasma.  Although the parasite 
occurs in all warm blooded animals, birds and many poikilothermic 
animals, it is usually seen only on microscopic examination.   However, 
many of the infected buffaloes contain cysts visibly grossly and up to 
2 inches in length. 

Elaeophora poeli,   a large nematode residing in the wall of the aorta is 
present in 65% of the buffalo at the abattoir.  A record is not kept of this 
parasite in cattle, but during the past year we have found a number  of 
cattle affected also.   Neither SegaP ' or Mohan^ list this as occurring 
in Thailand.   The male of this parasite is embedded in the aorta wall 
with the head of the female often resulting in a large necrotic mass 
frequently 1-3 inches in diameter In the intima of the aorta.   The rest 
of the female extends out the lumen of the aorta.   The female has been 
described as varying from 4 Inches to 10 feet long, but the ones I have 
seen are never longer than 2 feet. 

Eurvtrema pancreaticum. the pancreas fluke, has been described as 
occurring in many countries of South East Asia including Thailand.   In 
cattle at the Bangkok slaughter house, 25% are infected but less than 
1% of the buffalo are affected.   This difference may be due to a difference 
in feeding habits or to a less complete examination of the buffalo on the 
part of the inspector.   The pancreatic ducts appear blocked in the affected 
animals but no microscopic evidence of atrophy or necrosis has been 
seen. 

Fasciola hepatica. or liver fluke is seen in 23% of the cattle and 17% 
of the buffalo in Bangkok.   As in other parts of the world, the livers 
are filled with fibrous tracts which marks the migrating parasites.   In 
severe infections, the lining of the bile ducts and gall bladder are 
lined by a hard gritty crystalline material embedded in the mucosa. 
We have had a chemical analysis of these crystals and have found that 
they are pure calcium carbonate. 

Svnqamus larvqeus. is an unusual nematode that embeds its mouth in the 
mucosa of the larynx of cattle and buffalo.   At the abattoir it is seen in 
22% of the cattle and 10% of the buffalo.   There seems to be little reaction 
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on the part of the host but on microscopic examination, the mouth parts 
of the parasites contain laryngeal epithelium.   This has not been reported 
in Thailand according to Segol, W Mohan ^2) an(i two current parasitology 
texts Soulsby(4) and Levine(5). 

Thelazia rhodesii. the eye worm, is easily missed on cursory examination 
of the eye.   Two different surveys in the last two years at the abattoir 
have found 20% of the buffalo and 10% of the cattle affected with this 
parasite.   We have found this parasite on many of the buffalo heads by 
lifting the third eyelid (nictitating membrane) and flushing them out of 
the medial canthus.  A conjunctivitis may result, but the eyes we have 
examined were not affected. 

Onchocerca gibsoni.   is a nematode that forms hard nodules consisting 
of fibraus tissues which frequently become calcified in the muscles and 
skin of the pectoral region or brisket.  This occurs in 20% of the cattle 
at the slaughter house but only 0.1% of the buffalo.   The intermediate 
host, the midge (culicoides), bites the skin and transfer the microfilaria 
to the blood where it circulates and lodges in the pectoral region.   The 
predisposition of the buffalo for mud and water probably explains the 
difference in incidence in these animals.   The female has been described 
up to 20 inches long but the fibrous nodule with fibrous tissues and 
parasites has made it impossible for us to extract an entire worm to 
measure. 

Setfiria digltata   is a slender nematode 4-6 cm long that is often seen 
wandering around in the abdominal cavity.   In the abattoir, 20% of the 
cattle and 9% of the buffalo are affected with this parasite.   Micro- 
filaria of this parasite in the blood are ingested by a mosquito and after 
migrating to the salivary glands are reinjected into other cattle.   We 
have found sheathed microfilaria 180 microns long in peripheral blood 
of many of these cattle.   We believe they are the microfilaria of Setaria. 
Segal^ and Mohan(2) do not mention this parasite or anv Setaria in 
Thailand. 

Tuberculosis seems to be present all over the world and Thailand is 
no exception.   One percent of the cattle at the abattoir are infected 
but only 0.3% of the buffalo are infected.   The organ most commonly 
involved in cattle infection is the lung.  A few of these cases that 
involved practically the entire lung have been cultured as Mvcobacterium 
oovis. 

Hvdatid cvst# the larval from of Echinococcus granulesus occurs in 
0.25% of the cattle in the abattoir and in none of the buffalo.   The cases of 
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this we have seen have been present In the lung. 

A number of other parasites and pathological conditions were 
seen but we have no idea of the incidence because records have not 
been kept on these conditions.   These include: 

1. Onchocerca armillata, a small nematode reported by different 
authors between 2 and 29 inches long.   Grossly/ the intima of aortas 
affected with this were thickened, contained multiple tortuous tracts 
and were often covered with yellow atheromatous plaques.   On section, 
the aorta was seen to contain many parasites lying entirely in the wall, 
many containing microfilaria.   We have not been able to extract an 
entire parasite to measure its length. 

2. A schistosome. was seen in several buffalo livers that grossly 
appeared as white spots through the liver intermingled with congested 
areas.   On microscopic examination, we have found large dilated 
arteries with massive exuberant proliferation of the vascular intima 
and media with sections of larva but with no eggs evident.   We have 
not identified this species. 

3. A number of tumors were seen, primarily in the buffalo.   They were 
microscopically typical of those seen in other countries.   They included: 
papilloma and rhabdomyosarcoma of the rumen, mesathelioma of the 
peritoneum and liver capsule and phaeochromocytoma of the adrenal 
gland.   A small white focus in a cow heart was sectioned and was found 
to consist of glandular tissue.   It was surrounded by smooth muscle 
and fibrous tissue.   There were no other foci in the animal and it was 
diagnosed as a "Choristoma", or normal tissue in an abnormal location. 
A buffalo liver taken from the abattoir contained multiple diffuse white 
foci some as large as 4 inches across.   Microscopically the cell type 
and pattern were similar to the argentaffinoma or carcinoid in man.   The 
cells stained weakly for silver in our case, but in man, these tumor cells 
stain from an intense positive to a negative.   According to Smith and 
Jones'6), there is one confirmed case of this tumor in an ox jejunum but 
there are no instances of a metastasis as ours evidently was. 

We have had the opportunity to examine a number of nasal tumors in large 
animals from farms in the vicinity of Bangkok.   Two sheep had nasal tumors 
which completely blocked the posterior nares and caused suffocation. 
Although they appeared grossly similar, one was an undifferentiated 
sarcoma and the other was an adenocarcinoma.   A horse with a mild 
unilateral nasal discharge suddenly died. On opening the turbinates, 
we found a large mass in the posterior turbinate Invading the cribriform 
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plate and extending into the brain.   Microscopically this tumor was 
a squamous cell carcinoma.   A number of nasal tumors have been 
seen from a farm northeast of Bangkok,   Microscopically they have 
consisted of a mosaic of morphologic types.   We have seen three 
olfactory neuroblastoma, a carcinosarcoma, a leiomyosarcoma # a 
schwannoma, a squamous cell carcinoma, an undifferentiated sarcoma, 
and an embryonal rhabdomyosarcoma.  We have not studied the 
epidemiology of this outbreak but the etiology and epidemiology 
warrant further study. 

Canine distemper and infectious canine hepatitis are quite common 
in the street dogs in Bangkok and wa have seen many cases of these 
diseases.  As would be expected in an area with many mosquitoes, 
the heartworm, Dirofilaria immi1;is is present in most of the dogs. 
Although it was surprising to find such a high incidence of Spirocerca 
lupi in the esophagus and aorta of dogs at the dog pound, on some 
days as many as 90% of the animals were affected.   The cecum of 
most of the dogs necropsied contained Trichuris vulpis and a few of 
the blood slides contained Babesia canis. 

Many of the domestic and wild cats that we have seen from the Veter- 
inary School and animal handlers in Bangkok have had panleukopenia 
or "feline infectious enteritis".   This disease appears to be prevalent 
because many of the wild cats were direct from the Jungle.   An unusual 
parasite was seen in the heart muscle of the wild cats.   Slides were 
sent to Dr. Beaver of the School of Public Health and Tropical Medicine, 
Tulane University,   He felt that they were protozoal but on study of other 
wild cats and re-examination of the original cases, we believe that they 
were sections of migrating lungworm. Aleurostrongvius abstrusus« 

A number of conditions were seen in gibbons at SEATO Laboratory:  These 
included; a natural outbreak of lymphosarcoma, fungal (microsporum canis) 
infection of the skin and severe Strongyloides stercoralis of the lung and 
inte stine. 

Regional ileitis, similar to that described in the literature, was seen in 
the colony hamsters. We obtained no better elucidation of the etiology 
of this condition than have the authors of any of the articles in print. 

We have seen chronic respiratory disease in rats and mice similar to 
that described in the literature.   As many authors claim the pathological 
results seem to be due to more than one agent but definitive work in 
our laboratory has not proved this as fact.   The dwarf tapeworm, 
Hymenolepis nana,has been seen in mice in the animal screening project, 
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A Search for the Snail Hosts of Schistosomiasis in Southern Thailand. 

Principal Investigator: 

Associate Investigators: 

George S. Manning, CPT, MSC 

Vithoon Viyanant, B.S. 
Pravet Lertprasert 
Kitti Watanasirmkit, B.S. 

OBTECTIVE:    The objective of this study was to obtain evidence relevant 
to the possibility of transmission of schistosomiasis in southern Thailand. 

DESCRIPTION:   The study area was in Nakorn Sri Tammaraj Province.   A 
number of proven cases of schistosomiasis have been found by other 
workers but there is no evidence of transmission. 

The approach was to collect snails from all available habitats for 
examination for cercariae.  Species not usually considered as vector 
candidates were not excluded since it was deemed possible that an 
unusual vector might be involved. 

It was planned to examine as many stools as possible from people in 
the villages in which schistosomiasis was previously found.   In addition 
to concentration methods for ova the miracidium hatching technique was 
also employed. 

PROGRESS:    The results of the snail examinations are presented in 
Table 1.   No human pathogens were found, 

In spite of encouragement by local health authorities, the populace in 
the involved areas were reluctant to cooperate, possibly because of earlier 
studies .involving rectal biopsy by another research group.   However, 
stools from a total of 345 people were obtained and examined; none were 
found to contain schistosome ova. 

This is the final report on this study, 

SUMMARY:   No evidence of schistosomiasis transmission was found during 
the examination of 4086 snails and stools from 345 people in Nakorn Sri 
Tammaraj. 
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Table 1.   Results of examinations of Nakom Sri ThammaraJ snails 
for schistosonM cercariae. 

Snail species No. Exam. No. Pos. Remarks 

Radix rubiqlnosa 2475 2 Orlentobilhyziß 
harinasuti 

Broti? l^evis 220 0 
Wattebledia siamensis 550 0 
Bithynia sp. 440 0 
Clea SD. 115 0 
Melanoides tuberculata 37 0 
Trochprbis and Helicorbis spp.       250 0 
Total: 4087 2 

A Study of Simian Malaria in Animals Treated with Serum from 
Chronic Plasmodium coatneyi and Plasmodium inui Infections. 

Principal Investigator: 

Associate Investigators: 

Assistant Investigator: 

Carter L. Diggs, LTC, MC 

Barnyen Permpanich, R0N. 
Stanley W. Theune, MSG 
Robert Gentzel, SSG 

Nipon Chuanak 

OBJECTIVE:    The objective os this study was to determine the effect of 
serum from monkeys chronically infected with Plasmodium coatneyi or 
Plasmodium inui on homologous and heterologous infections. 

DESCRIPTION:   A total of 18 cynamolgus monkeys were divided into six 
groups so that animals of differing weights were distributed approximately 
equally among the groups.   Three groups were infected with P. coatneyi 
(6X10^ parasitized erythrocytes per kg. body weight in^avenously) and 
at the same time given either pooled normal monkey serum (group 1) or 
pooled serum from monkeys with chronic coatneyi (group II) or inui 
(group III) malaria (10 ml per kg, subcutaneously).   Similarly, nine 
animals were infected with P. inui (6X105 parasitized erythrocytes per 
kg.) and simultaneously treated with one of the three serum preparations. 

Parasitemia was monitored by thick and thin blood films.  The number of 
parasitized erythrocytes per 50 oil immersion fields of the thin films was 
determined and an estimate of the percentage of cells parasitized calculated 
assuming 10,000 erythrocytes per 50 fields.   When parasitemia was detected 
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on the thick but not the thin film, the observation was arbitrarily 
assigned a value of 0.001% parasitized cells for purposes of data 
reduction and analysis. 

In some other host-malaria systems (1/2), serum mediated passive 
immunity is effective primarily prior to peak parasitemia.   Therefore, 
this portion of the course of the infection was isolated for analysis. 
The parasite burden (area under the plot of per cent erythrocytes 
parasitized vs. time) prior to peak parasitemia was measured by 
planimetry of data plots sufficiently large to allow duplicate measure- 
ments which differed by less than 2%.   Since the JP. coatnevi infections 
showed a marked tertian periodicity for the first 42 post infection day, 
only the values obtained on alternate (high) days were included in the 
analysis during this period for those animals. 

PROGRESS;   The prepatent periods and parasite burdens during early 
parasitemia for each animal are presented in Tables I and II.   Para- 
sitemias were quite low and variation within groups was great.   In 
each case, animals given homologous serum had lower parasite burdens 
and longer prepatent periods than the normal serum controls, but the 
differences in the case of the £.. inut infections were very small.   With 
heterologous serum, the results are even more difficult to interpret; 
however, the mean parasite burden were again lower than in the normal 
serum controls, and in the case of P. inui infected animals lower than 
in the homologous serum treatment group. 

The course of parasitemia in each animal for the entire observation 
period is depicted in Fig. 1 and Fig. 2,    There are no obvious 
differences between groups during the post-peak period of parasitemia. 

Although clearly inadequate for a firm conclusion, we view these data 
as suggestive of an inhibitory effect of serum on parasitemia.   The 
wide variation between groups observed would dictate much larger group 
sizes in further experiments; at present no serum is available for such 
studies. 

This is the final report on this study. 

SUMMARY;   The effect of serum from monkeys with chronic P. coatnevi 
and P. inut   malaria on homologous and heterologous infections was 
studied«   Individual variation in the response of the animals precluded 
clear evaluation.  However, group mean parasite burdens were lower 
in all chronic malaria serum treated groups than in the appropriate 
normal serum treated groups.   In the case of the P, inui   infections, the 
mean parasite burden in the P. coatnevi serum treated group was lower 

903 

-'"—- 
— - ~  ■   



 "p^wwwvLi.u iijü      nmmmmHpgpHRp »i^wwF—ppWMwwwiiii.i.11 iiiiiiiu.iiii|i.ii iiij.iLiijii.im^wpwp» 

Table 1.   Summary of P^. coatnevi infections prior to peak parasitemia 
in serum treated monkeys. 

Serum Source Monkey No. Weight 
(Kg) 

Prepatent period 
(days) 

* 
Parasite burden 

{% days) 

Normal 81 2.8 10 4.2 

monkeys 68 2.8 14 0.3 

82 3.3 20 0.4 

Mean 3.0 14.7 1.6 

Monkeys infected 74 2.4 8 3.1 

with P.  inui 72 2.8 10 0.2 

73 3.2 10 0.5 

Mean 2.8 9.3 1.3 

Monkeys infected 77 2.0 16 0.2 

with P. coatneyi 78 

76 

2.8 

3.2 

16 

14 

0.02 

0.2 

Mean 2.7 15.3 0.1 

*   Area under the curve of per cent erythrocytes parasitized vs, 
time (days). 
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Table II.    Summary of £. inui  infections prior to peak parasitemia in 
serum treated monkeys. 

Serum Source Monkey No. Weight 
(Kg) 

Prepatent period 
(days) 

* 
Parasite burden 

(% days) 

Normal 86 2.9 1 2.5 

monkeys 85 2.7 2 1.7 

79 2.3 5 1.1 

Mean 2.6 2.7 1.8 

Monkeys infected 84 2.8 7 1.5 

with P. coatneyi 90 

89 

2.7 

2.3 

7 

2 

0.3 

0.4 

Mean 2.6 5.3 0.7 

Monkeys infected 83 2.8 2 2.8 

with P. inui 69 2.3 6 1.1 

80 1.5 7 0.5 

Mean 2.2 5.0 1.7 

*   Area under the curve of per cent erythrocytes parasitized vs, 
time (days). 
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Fig 1.    Parasitemia in serum treated monkeys with Plasmodium coatnevi 
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than in the P. Inul serum treated group. 

Increased Susceptibility for Rats to Plasmodlum berghel after Treatment 
Designed to Induce Immunologie Tolerance, 

Principal Investigator: Carter L, Diggs, LTC, MC 

Associate Investigator: Bamyen Permpanich, R.N. 

Assistant Investigator: Nlpon Chuanak 

OBTECTIVE:      Immunity to Plasmodlum berghel Infections In rats is 
conferred by prior experience with the infection, but little information 
is available concerning the antigenic substances which provoke the 
protective immune response.   Most antigenic materials can produce 
Immunologie tolerance when administered under appropriate conditions. 
The present experiment was designed to determine whether or not 
susceptibility to Infection could be enhanced by techniques used to 
induce tolerance. 

DESCRIPTION:     Tolerance to heterologous erythrocytes can be 
induced by the simultaneous administration of large doses of antigen 
(erythrocytes) and the nitrogen mustard derivative cyclophosphamlde. 
This technique was adopted for use with P. berghel antigens by 
allowing parasitemia to build up, thus providing a large antigenic mass, 
and then administering the drug.   A single experiment was performed 
using weanling albino rats randomly assigned to three groups (8 rats 
per group).   Group I and II were Infected intravenously with 1X10 
P. berghel parasitized erythrocytes per 100 gm body weight and the 
parasitemia monitored by thin blood films.   Eleven days later the 
animals in group I were given 2 7 mg of cyclophosphamlde per 100 gm 
body weight intraperitoneally, white rats in groups II and III received 
saline.   On days 15, 16 and 17 all rats received 10 mg sulfadiazine 
per 100 gm body weight.   Reticulocyte counts were performed until the 
three groups were at comparable levels; all rats were then injected 
intravenously with 4X10   parasitized erythrocytes per 100 gm body 
weight, and the course of parasitemia monitored by thin blood films. 

PROGRESS;   Death of all but three of the group 1 rats (malaria plus 
drug treatment) between day 15 and day 22 limited the amount of 
data obtained.   However, the results on the survivors are striking. 
Figure I summarizes the course of parasitemia in all three groups. 
With the exceptions cited below, each symbol represents the mean 
parasitemia in eight rats.   It can be seen that cyclophosphamlde 
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quickly suppressed parasltemia (circles);further   sulfadlazine abolished 
the infection in the remaining Infected rats (squares).   The animals 
recovered quickly, the group I rats showing a reticulocytosis of 67-89% 
as compared with 7-26% in the group IT animals on day 25.   By day 36, 
six days prior to challenge, retlculocyte counts were 7-9% in group I, 
4-6% in group II, and 5-7% in group III (normal controls).   Individual 
retlculocyte counts in the group III animals ranged from 3-8% during 
the observation period.   On rechallenge, little parasltemia developed 
in the previously unlnfected rats (group III, triangles; maximum 
individual parasltemia, 9 parasites/100 erythrocytes) and even less 
in the sulfadiazine treated animals (squares; maximum Individual para- 
sltemia, 0.3 parasltes/100 erythrocytes).   These results were to be 
expected in view of the relatively low susceptibility of rats of this 
age (greater than 3 months) to the infection and co the well known 
phenomenon of acquired immunity.   The three rats which had received 
cyclophosphamide, however, (plotted individually, circles) sustained 
higher parasltemlas and, in fact, one animal died with an overwhelming 
infection. 

Although no evidence is offered relavant to the specificity of the 
enhanced susceptibility, there was no gross evidence of generalized 
debility and erythropoiesis was essentially normal as Judged by the 
pattern of retlculocyte counts.   We therefore feel that the phenomenon 
is best explained in terms of induction of tolerance in the drug treated 
animals.   Obviously, more work is needed to explore this hypothesis. 
This is the final report   on this project. 

SUMMARY;     1.   Rats treated by a combined P. berqhel malaria 
cyclophosphamide, regimen exhibited abnormally high susceptibility 
to rechallenge with P. berqhel.   It is suggested that Immunologie 
tolerance to protective antigens was induced. 

2.   Incidental to the experimental was the observation that cyclophos- 
phamide rapidly depresses P. berqhel  parasltemia in rats. 

Studies on the Effect of a Serum Permeability Substance 
Produced During Malaria Infection on Platelets in vitro. 

Principal Investigators: Katchrlnnee Pavanand, M,D, 
Carter L. Diggs, LTC, MC 

Assistant Investigators: Chlrapan Vinagupta, M.T. 
Bamyen Permpanich, R,N. 
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OBTECTIVE:    Previous studies in this laboratory have revealed that 
during the course of a malaria infection, the sera of infected gibbons 
(Plasmodium ieffrevi) and monkeys (P. inui) produce increased vascular 
permeability when injected intradermally into the skin of white rabbits 
(see 1967 and 1968 Annual Reports).   This reaction was completely 
abolished by antihistaminic drugs.   The factor was stable to heating 
at 56ÜC for thirty minutes.  Attempts at characterization of the substance 
were unsuccessful (see 1969 Annual Report) in part because of its apparent 
lability during fractionation. 

Since thrombocytopenia is associated with P, inui infections (1969 
Annual Report), the notion that the permeability factor induced rabbit 
platelet lysis with accompanying histamine release was entertained. 
Rabbit platelet lysis can be induced in vitro by immune complexes 
and the phenomenon detected by measurement of the resulting histamine 
in the fluid phase.     The possibility that the permeability factor could 
also induce platelet lysis in vitro was therefore explored. 

DESCRIPTION; The assay system has been previously described (see 
Annual Report 1969).   Briefly, sera containing activity by rabbit skin 
tests and sera from normal monkeys were incubated at 370C for 60 min. 
with rabbit platelets in the presence of fresh autologous rabbit plasma, 
Ca+ and Mg+,   The prenardtions were centrifuged and the supernatants 
deproteinized and extracted for histamine.   Histamine was converted to 
a fluorescent derivative and assayed fluorometrically; fluorescence 
intensities were related to histamine concentrations by the use of a 
curve prepared from a set of histamine diphosphate standards extracted 
and otherwise treated identically with the unknowns. 

PROGRESS;   The results of two experiments are summarized in Table 1. 
Histamine release is expressed in terms of the total available histamine 
(determined by assay of an aliquot of platelets) found in the fluid phase. 
Spontaneous release from mixtures without serum is indicated (cell blank). 
Release of histamine from platelets in the presence of serum from infected 
monkeys (8-16%) was not greater than from control monkeys (9-23%). 

These results do not preclude the possibility of platelet lysis as a 
mechanism of enhanced vascular permeability in rabbit skin by malarial 
monkey sera.   However, it is considered that further studies at this 
time would not likely yield additional information.   This is the final 
report on this project. 

SUMMARY;    Serum from P. inui infected monkeys which enhanced 
vascular permeability in rabbit skin failed to induce the release of 
histamine from rabbit platelets Jn vitro. 
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Table 1.   rlistamine release from rabbit platelets in the presence of 
serum from P. inui infected monkeys.    Lesions produced in 
rabbit skin by the same sera are shown for comparison. 

Experiment No. 

Test preparation 

Serum origin 
(Monkey #) 

Days post in- 
fection 

Rabbit skin 
lesion dia- 
meter (mm.) 

% platelet 
histamine 
released 

1 

Total histamine 

available 

1.9 xg/ml 

Total histamine 

available 

3.6   yug/m] 

MS-41 

PK-36 

PB-1 

cell blank 

preinfection 

preinfection 

normal 

MS-41 

MS-41 

PK-36 

PK-36 

PK-36 

PB-1 

SP-2 

cell blank 

prior to in- 
fection 

29 days 

prior to in- 
fection 

15 days 

29 days 

normal 

1 chronic 
malaria 

0 

0 

0 

0 

14 

0 

14 

10 

0 

N.D. 

9 

20 

23 

18 

10 

8 

20 

8 

16 

15 

15 

10 

N.D. = Not done. 
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Red Cell Survival in Simian Malaria after Chemotherapy. 

Principal Investigators: Vlthune Yuthasastr-Kosol, M.D. 
Carter L. Diggs, LTC, MC 

Assistant Investigator: Thamma Sakulkaipeara 

OBTECTIVE;    Previous studies in this laboratory demonstrated shortening 
of red cell survival time in monkeys with chronic malaria due to 
Pias medium coatnevi or Plasmodium inul,   Erythroid hyperplasia of 
the bone marrow accompanied the accelerated erythrocyte destruction. 
The animals had very scanty parasitemias and it was suggested that 
the degree of red cell destruction was too great to be explained on the 
basis of direct destruction by parasites.   However, since it is not 
possible to predict the degree of erythrocyte loss from the parasitemia 
data in quantitative terms, and because of the possibility of sequestered 
parasites not detectable in peripheral blood samples, the possibility of 
direct erythrocyte destruction by parasites could not be completely ruled 
out.   The present study is designed to determine how long such accelerated 
destruction persists in the absence of parasitemia after chemotherapy; 
an abrupt return of erythrocyte survival time to normal values coincident 
with cessation of parasitemia would suggest direct de.^truction by parasites 
as a likely mechanism of red cell loss.   On the other hand, persistence 
of accelerated destruction after cure would suggest a host mediated 
mechanism. 

DESCRIPTION:   Three chronicJ?. coatnevi infected rhesus monkeys, 
SP8, MS59, and PK21, and one chronic P. inui infected rhesus monkey, 
SP6, were studied for red cell survival before chemotherapy with 
chloroquine, 25 mg. base per kg. bodyweight intramuscularly over a 
three day period.   Daily examinations for parasitemia were performed on 
each animal, and routine blood examinations were done on each animal 
once weekly.   Mter the parasites completely disappeared from the 
peripheral blood smears, red cell survival studies were repeated periodi- 
cally.   (The techniques employed were the same as described in the 
SMRL Annual Report, 1968).   Red cell survival was also studied in four 
normal control monkeys. 

PROGRESS;     Parasitemia disappeared after chemotherapy and daily 
blood films have remained negative up to the present.   It is therefore 
assumed that radical cure was achieved. 

The erythrocyte half-survival times (t 1/2) in all animals at various 
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times after cure are shown In Fig. 1.   It can be seen that the values 
do not return to normal abruptly# but rather increase slowly over an 
extended period of time.   Red cell survival is still abnormal in monkey 
MS59 at this time. 

Other hematological changes were consonant with those in the erythrocyte 
survival times.   Thus in the four animals, hematocrits ranged from 18-24% 
prior to therapy and range from 39-43% at present; hemoglobin rose from 
a range of 6.6-7.2 gms% to 13.3-13.6 grams% at present; reticulocytes, 
7.5-14.2% prior to therapy, now range from 0.2-1.6%. 

The red cell survival data (Fig. 1) suggested that survival times do not 
increase continuously after therapy, but that secondary decreases 
occurred during the observation period.   The animals will therefore be 
studied further (until 200 post treatment days have elapsed) to determine 
whether or not the parameters measured are stable once normality is 
achieved. 

These studies strongly suggest that the observed abnormal red cell 
destruction is not due to direct lysis by parasites but through some 
host mediated mechanism. 

SUMMARY;   Erythrocyte survival in four monkeys with chronic coatnevi 
or inui malaria returns to normal only gradually (130 days or more) after 
drug cure.   It is suggested that this red cell destruction is not due 
directly to the intracellular parasite. 

The Fate of Plasma Hemoglobin in Macaca mulatta Infected with Pias medium 
coatnevi. 

Principal Investigators: Kanjika Devakul, M.D., Ph.D. 
Tan Chongsuphajaisiddhi, M.D., Ph.D. 

Assistant Investigators: Kanokwan Kanakakorn, B.Sc. 
Ratanapom Kasemsuthi, B.Sc. 

OBTECTIVE;    The objective of this project is to study the fate of plasma 
hemoglobin in terms of the rate of removal from the plasma, the distri- 
bution in the liver, spleen, and bone marrow, and the urinary excretion 
in normal monkeys and in animals with Pias medium coatnevi malaria. 

DESCRIPTION:   Rhesus monkeys (Macaca mulatta) were used in these 
experiments.   The hemoglobin was labelled with Fe-59 or Cr-51; 120 uc. 
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of Fe-59 were injected intravenously into a donor monkey.   After a 
suitable interval, 10-15 ml of blood were drawn and hemolyzed in 
distilled water.   In the case of Cr-51, 10-15 ml of the recipient 
animal's blood was labelled with 50-80 uc. of Cr-51 in vitro;   after 
lysis, the hemoglobin concentration and the volume of hemoglobin 
solution were recorded.   The labelled hemoglobin solution was 
injected intravenously to simulate intravascular hemoiysis.   Plasma 
radioactivity was measured at 10 minutes, 20 minutes, 30 minutes, 
1 hour, 2 hours, 4 hours, 6 hours and 24 hours after injection.   The 
radioactivity of the spleen, the liver, the bone marrow and the 
urinary bladder was recorded by surface counting at 1/2 hours, 2 hours, 
4 hours, 24 hours, 48 hours, 72 hours and 96 hours.   Animals were 
kept in metabolic cages and urine was collected for 24-48 hours after 
the injection of labelled hemoglobin.   The activity of the isotope 
excreted in the urine was calculated and expressed as the percentage 
of the dose given. 

The monkeys were infected with P. coatnevi.   Hemoglobin, hematocrit, 
red cell count and parasitemia in thick or thin blood smears were recorded 
daily.   The study of hemoglobin metabolism was made when the hemoglobin 
and hematocrit decreased to about half of the initial value, usually about 
20 days after the infection. 

PROGRESS;    The study was carried out in 9 rhesus monkeys (Macaca 
mulatta), 7 of which were normal and the other 2 infected with 
P. coatnevi.   Two of the normal monkeys were injected with Fe-59 
hemoglobin and all the others with Cr-51 hemoglobin. 

It was found that in normal monkeys disappearance curves of Cr-51 
and Fe-59 hemoglobin were similar.   T 1/2 varied from 71 to 136 minutes. 
The activity of hemoglobin in the plasma 6 hours after injection was 
6-11% of the administered dose and at 24 hours was 0-3.5% of the dose. 

In two infected monkeys the study of hemoglobin metabolism was made 
at 19 and 21 days after infection when the parasitemia was 0.9% and 
0.1% and hemoglobin was 5.5 and 6.9 gm% respectively.   It was found 
that labelled hemoglobin seemed to leave the circulation more rapidly 
than in the normal animals (T 1/2 values were 63 and 69 minutes 
respectively).   At 6 hours radioactive hemoglobin in the plasma was 
10% and 5.9% of the administered dose and at 24 hours 3.7% and 2.5% 
respectively. 

In the normal monkeys the activity over the liver and spleen rose rapidly 
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during the first few hours after injection of hemoglobin and reached a 
maximum within 4 hours in every monkey; it then stabilized at about 
the same level up to 24 and 48 hours in two monkeys but decreased 
after 6 hours in five monkeys.   There was not much activity in the 
bone marrow.   Very high activity was detected over the urinary bladder 
at 6 hours but none could be detected at 24 hours. 

In one infected monkey the result was similar to that observed in 
normal monkeys except that no activity could be detected in the liver 
at 48 hours.   In the other infected animal there was some difference 
from the normals.   The activity over the spleen reached a maximum 
at 6 hours.   The activity over the liver increased until 24 hours and 
then decreased to only about one-fifth of the 24 hour activity at 48 
hours.   The activity over the urinary bladder was low in comparison 
with that observed in the normal monkeys but activity could still be 
detected at 24 hours. 

Studies on additional numbers of infected monkeys are in progress. 

SUMMARY;    Plasma hemoglobin clearance was compared in seven 
control normal and two P. coatnevl infected monkeys.   The  half 
survival times in both animals were greater than in any of the controls. 

Studies of the Soluble Antigen Fluorescent Antibody (SAFA) 
Test for Filarlasis. 

Principal Investigator: Carter L, Diggs, LTC, MC 

Assistant Investigators:      Stanley W. Theune, MSG 
Robert Gentzel, SSG 
Prasit Sookto 
Nipon Chuanak 

OBTECTIVE:    In spite of extensive investigation, serologic reactivity 
in human filarlasis is not sufficiently well understood to allow 
meaningful interpretations of serologic tests.   (For Review, see 1). 
One of the difficulties is the possibility of serologic reactivity induced 
by other helminths including filarlal worms not ordinarily pathogenic 
in man.   Recently a soluble antigen fluorescent antibody (SAFA) test 2 
for bancroftian filarlasis and onchocerchiasis has been described  . 
The test employs a soluble antigen derived from the dog heartworm, 
Dirofilaria immitis.   The possibility has been raised that humans 
exposed to.D, immitis   might become seroreactlve in tests employing 
antigens derived from the parasite.     The present study was designed 
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to evaluate the SAFA test for reactivity In filariasls due to Brugla malavl 
and to attempt to gain some Insight regarding serologic reactivity in a 
population exposed to D. immitis Infected mosquitoes.   In addition, 
some technical characteristics of the test system were studied. 

DESCRIPTION;     Some parts of the test procedure were different 
from that previously described  .   Rabbit antiserum to human globulin 
was prepared using commercial immune serum globulin as antigen. 
Based on preliminary qualitative preclpitin tests, pools were prepared, 
the globulin fraction Isolated and labelled with fluorescein isothiocyanate 
under standard conditions.   Details of these procedures will be presented 
in a later report.   Free fluorescein was removed by chromatography on 
G-25 Sephadex and the antibody content of the labelled  antlglobulin 
estimated by quantitative preclpitin tests. 

In performing tht SAFA tests the fluorometer was zeroed by exclusion 
of light from the photocell.   For each serum tested, a disc impregnated 
with antigen and a control disc without antigen were exposed to the 
serum.   In this way nonspecific fluorescence for each serum sample 
was measured; antigen dependent fluorescence was taken as the 
difference between the control and experimental discs.   The procedure 
allowed estimates of variation among sera in control as well as in 
infected populations. 

Instrumental sensitivity, stability and linearity were evaluated by the 
use of discs treated with known amounts of fluorescein isothiocyanate. 

PROGRESS;     Instrumental stability, as determined by repeated 
measurements of the Intensity of fluorescence of standard fluorescein 
isothiocyanate impregnated discs, was judged to be good.   Linearity 
of response with concentration, however, was limited to about 40 
fluorescence units, a value much lower than that obtained with many 
samples in the serologic test.   Assuming that a similar nonlinearity 
exists for the serologic test, these results suggest that fluorescence 
intensities can be quantitatively related to antibody concentration 
only in a limited range of measurements. 

Three groups of sera have been studied:   (1)    128 sera from patients 
with B. malavl microfllaremla; (2)   69 sera from American soldiers 
recently arrived in Southeast Asia; and (3) 97 sera from Bangkoklans 
(blood donors and patients receiving prenatal care),   This latter group 
comprises an appropriate population for study in connection with the 
question of seroreactivlty induced by exposure to D, immitis since 
there is active transmission of the parasite in Bangkok.   Examination 
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of the distribution of fluorescence Intensities obtained revealed fairly 
v ) extensive deviations from normality.   The distributions are presented 

in Fig. 1, in which the percentage cumulative frequencies of given 
fluorescent intensities have been plotted on log-problt paper.   It Is 
apparent that the distribution of the transformed data approximates 
normality as judged from these plots.   The data clearly indicate that 
the patients with Bruola malavi  infections have a higher reactivity 
as a group than do either the American troops or Bangkoklans.   However, 
it is also apparent that approximately 50% of the sera from Infected 
individuals have seroreactivities which overlap the values of the control 
group.   Thus the usefulness, for diagnostic purposes, of the test as 
performed is limited.   This circumstance might be related to the stage 
of the disease or age of the individual patient.      Alternatively, greater 
discrimination might be obtained through the use of higher concentrations 
of antigen and/or antiglobulin in the test.   These possibilities are being 
explored. 

The mean reactivity of Bangkoklans was higher than that of American 
troops and the difference was statistically significant (P <r0.001, test). 
However, the reactivity is not striking when compared with the filariasis 
group.   Determination of whether or not the difference reflects antibody 
in the Bangkok population will require further study. 

The results Indicate, however, that living in an area endemic for canine 
heartworm does not necessarily confer seroreactivity to D. immitis antigen, 

i 
SUMMARY;    The reactivity of sera from patients with B^vqia malavi 
infections in a soluble antigen fluorescent antibody (f.iFA) test using 
Dlrofilaria immltls antigen has been studied.   Approximately 50% of 
the patients1 sera gave greater reactivity than any of the control sera 
obtained from Americans or Bangkok residents.   The mean reactivity 
of the Bangkok sera was higher than that of Americans, but not markedly 
so.   The question of seroreactivity to D. immitis antigens in human 
populations at risk of exposure to this parasite is therefore not resolved, 
but the data Indicates that such seroreactivity, if it exists, does not 
necessarily interfere markedly with serologic testing for human filariasis 
in populations at risk with respect to infection by D. immitis. 

The Gibbon As A Host For The Canine Heartworm 

Principal Investigators:       D.O. Johnsen, MAJ, VC 
Douglas J. Gould, Ph.D. 
William L. Wooding, MAJ, VC 
Carter L. Diggs, LTC, MC 
Prayot Tanticharoenyos, D. V. M. 
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intensities (log scale) obtained with three groups of sera tested by the 
SAFA test using D. immitis antigen 
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Assistant Investigators: Bruce A. Harrison, CPT, MSC 
Ronald E. Marshall, SP5, E-5 

PURPOSE:    Human Infections with Dlrofllarla Immitls, the canine 
heartworm, has been the subject of a number of reports.   United States 
and Japan, confirmed Infections have occurred where Dlrofllarla Immitls 
was found In the heart, lungs, subcutaneous tissue, conjunctival, or 
perlorbltal area of humans.   The possibility that this parasite Is the 
etiologlcal agent for tropical eoslnophllla has also been suggested 
because humans with this disease have a positive skin test to Dlrofllarla 
antigen and respond to treatment with the vermicide dlethylcarbamazine. 
Dlrofllarla Immitls occurs widely In dogs throughout Southeast Asia and 
in some areas of Thailand may infect 100% of the adult dog population. 
Because Dlrofllarla  is transmitted between dogs by Culex quinguefas- 
clatus   and Aedes aegyptl, mosquitoes that commonly feed on man too, 
there may be a great opportunity for human Infections to occur where 
heartworms are endemic.   There is evidence, both in the literature 
and from this laboratory, that indicates that subhuman prlmatss may 
be good animals to study heartworm infections as they occur in man. 
Dlrofllarla has been found in the hearts of two orangutans and was 
tentatively identified as an incidfintal finding in the adrenal vein of an 
SMRL gibbon.   Since Dlrofllarla i.Timltis may become increasingly 
recognized as a significant human parasite, this study was initiated 
to determine the suitability of the gibbon as a model for studying 
transmission as well as the clinical and pathological features of this 
disease in primates. 

DESCRIPTION;   Three gibbons and one one dog were inoculated in 
November with between 35 and 50 Dlrofllarla immitls   larvae which 
were obtained through dissection of mosquitoes.   The mosquitoes 
had fed approximately three weeks earlier on a dog with a high 
microfllaremia which, at necropsy, was confirmed to be Infected with 
Dlrofllarla immitls.    The following laboratory examinations have been 
performed on the experimentally infected animals during the report 
period: 

a. a complete blood count and serum sample collected for examination 
by the fluorescent soluble antigen test each week; 

b. skin testing with the Takeda (Japanese) and Parke-Davis Dlrofllarla 
antigens and blood examinations for microfilaria using the Knott's 
concentration technique each month; 

c. thoracic radiographs taken each month in those gibbons that become 
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either reactors to the skin test or develop abnormally high eosinophil 
counts. 

PROGRESS;   The data collected during the report period is summarized 
in Table 1 through 4.   Serum samples collected for examination by the 
fluorescent soluble antigen technique are being stored until the study 
is completed so that they may be run together.   Only one gibbon, V-165, 
and the dog. Pup 4, have experienced an eosinophiiia.   Each of the 
inoculated animals has turned positive on either or both of the skin 
test antigens.   In the case of the gibbons, uninoculated control animals 
have not converted, but as least one of the uninoculated control dogs 
have developed positive reactions to the skin test.   This unexpected 
conversion in the dog may reflect the problem experienced in controlling 
mosquitoes in the dog holding area.   Consultation with the radiologist 
at 5th Field Hospital is being obtained to interpret the thoracic radio- 
graphs of V-165, V-166, and V-169. 

Difficulties experienced in obtaining adequate numbers of infective 
larvae from the mosquitoes have restricted experimental inoculations 
to only three gibbons and one dog.   The yield from Aedes aegypti was 
exceedingly low and the high yield in Culex quinquefasciatus was 
offset by a high mortality in this species following feeding.   In the 
latter case we feel the high mortality was due to the adverse physical 
effects of heavy microfllarlal Infections.   Further attempts will be made 
to obtain microfilaria for the purpose of infecting one more gibbon and 
dog by using a different species of mosquito and feeding mosquitoes 
at the time of day when microfilaremias are at lower levels. 

Eosinophilic Meningoencephalitis in Thailand. 

Principal Investigator: Sompone Punyagupta, LTC, MC 

Associate Investigators: 

Assistant Investigators: 

Thanongsak Bunnag, M.D. 
Dhira S. Comer, M.D. 

Aumpon Na-nakom 
Sajee Pinnoi 

OBTECTIVE:    Continuation of epidemiologic, clinical, neuropathologic 
and experimental studies on eosinophilic meningoencephalitis. 

DESCRIPTION:   Epidemiologie study was terminated in May 69 and the 
data obtained from the previous years were analyzed.   The clinical and 
pathologic studies were carried out only in Bangkok,   Four experimental 
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studies were performed to clarify the pathogenesls of eoslnophlllc 
myeloencephalitls caused bv Gnathostoma spinlgerum . based on 
some findings In the study of human cases. 

PROGRESS;    A.   Clinical and Pathologic Study. 

During the period 21 cases of eoslnophlllc meningitis were studied; 
19 cases belonged to the typical or and two cases were myeloencephalitls. 
Of the 19 typical cases, 11 patients were male   and 8 were female.   In 
one case, a fifth stage A^ cantonensis   larva was seen in the posterior 
chamber of the eye and was subsequently surgically removed from the 
anterior chamber.   This Is the first case demonstrating the association 
between ocular anglostrongyliasis and eoslnophlllc meningitis.   Both 
cases of eoslnophlllc myeloencephalitls were female and were admitted 
with cerebral hemorrhage.   Eye swelling was noted in a case.   One case 
died and the post-mortem findings were characteristic of Gnathostoma 
Invasion of the central nervous system but no worm was recovered. 

B.   Laboratory Studies. 

Experiment 1;    To confirm the study that the early third stage larva of 
G. spinlgerum in copepods are infective to mice, chicken and cats. 

Backgro-ir«4,    Epidemiologie evidence on eoslnophlllc myeloencephalitls 
due to '.> • .tLostoma indicated that patients may be infected by drinking 
contaminated water.   Prof, Daengsvang has shown that mice may be 
infected by infected copepods.   This study Is desiyaed to learn more 
about this and to study other animals including the definitive host. 

Materials and Methods;   Laboratory bred copepods were infected with first 
stago GLi spinlgerum larvae and were kept for 5, 10 and 16 days before 
being fed to 30 mice, 20 chickens, and 1 cat in each group.   Each animal 
received 10 larvae from the copepods and were sacrificed at 6 hrs., 24 hrs., 
5, 10, 15 and 30 days post-infection and examined for the third stage larva. 

RESULTS;   1.   In mice five-day-old infected copepods were non-infective 
but In 10-day and 15-day-old infected copepods the infection with third 
stage larvae was found in 40% and 80% respectively. 

2. None of the 20 chickens infected with 15-day-old Infected 
copepods yielded positive results, 

3, Two cats Infected with 20 and 50 larvae from 15-day-old 
copepods sacrificed on the 15th day post-infection were negative for 
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gnathostomes.   Another three cats infected with 20; 50 and 100 larvae 
each were still negative for Gnathostoma ova in stools 9-12 months post- 
infection. 

4.   Infected copepods can be kept alive in the laboratory for as 
long as 64 days.   Gnathostome larvae had 2 molts in the copepods.   The 
heaviest infection in one copepod was 22 larvae.   In most instances a 
copepod was infected with 1-3 larvae. 

Experiment 2;   To study the morphological changes and development of 
the third stage infective G. spiniaerum larva following repeated infections 
in transport hosts. 

Background;   It is suspected that the third stage G^ spiniqerum may 
develop to a more advanced stage after many passages in various 
transport hosts and these advanced stage larvae may cause the disease 
in man. 

Materials and Methods;   Third stage Q, spiniqerum larvae obtained from 
experimentally infected mice were divided into two groups, those from 
the liver and those from muscles; ten of each were separately infected 
into mice which were sacrificed on the 5th and 15 th day post-infection. 
Sites of organs of recovery of larvae were recorded.   The recovered 
larvae were used for reinfection until no larva was found.   Tissues 
where larvae were found were sectioned and studied for pathological 
changes. 

RESULTS;  1.   After infection, third stage larvae may or may not enter 
the liver, no matter whether they have previously migrated to the liver 
or not.   This finding is contrary to the other reports. 

2. There were no morphological changes in these larvae 
even after as many as 15 reinfections. However, the non-encysted 
form of larvae can occasionally be seen in the musculature. 

3. Frequency of organs involved where 400 larvae were 
recovered are as follows;   muscle of back, 35%; muscle of hind legs, 
22%; muscle of chest wall, 12%; muscle of abdominal wall, 10%; 
mesonteric fat, 8%; muscle of fore leg, 6%; muscle of neck, 2%; 
heart, 1%; diaphragm, 0.7%; kidney, 0.7%; stomach wall, 0,4%;and 
spleen, 0.2%.   This may explain why the portal of entry of Gnathostome 
larvae into the central nervous system in man occurs mainly in the lower 
part of the spinal cord. 

926 

  ■   n ■ ...I--: iMii,    mi iiiniinimM—M^MM—M -J 



4.   Sections from various tissues were made and will be studied. 

Experiment 3;   To prove experimentally that the chicken may serve as 
a transport host of Gu spiniqerum   and to observe any morphological 
changes of the larvae. 

Background:    Chickens are noted to be a source of human infection 
and may be important in eosinophilic myeloencephalitis. 

Materials and Methods;  Third stage larvae were fed to chickens which 
were sacrificed on the 15th and 30th day post-infections. 

RESULTS;    Infection was complete in 25 per cent.   Both encysted and 
non-encysted third stage larvae were found but without any morphological 
changes. 

Experiment 4; To study the pathogenicity vi Lne 4th and 5th stage 
Gnathostome larvae in mammals. 

Background; All^, spinigerum recovered from man were fifth stage 
larvae or immature adult worms.   We have shown in other studies that 
the spinal cord of the mouse is invaded by the 5th stage larva of 
G. spinigerum, recovered from man, following Ingestion.   This experi- 
ment was designed to confirm the finding. 

Materials and Methods;   15 cats were infected with varying numbers 
of third stage larvae; 7 cats were sacrificed on the 5th, 9th, 12th, 20th, 
34th, 60th, and 120th days after infection.   The recovered larvae, all 
third stage, were injected into mice.   The mice were subsequently 
sacrificed and third stage larvae were found in the muscle.   In two 
instances, the larvae had 4 rows of booklets and were longer than the 
ordinary third stage.   None involved the CNS.   This experiment is 
in progress. 

Serologie Response in Human Fasciolopsiasis. 

Principal Investigators: Vithune Yuthasastr-Kosol, M.D. 
Carter L. Diggs, LTC, MC 
George S. Manning, CPT, MSC 

Assistant Investigator: Thamma Sakulkaipeara 

OB JECTIVE;      In most helminthic infections in which serologic responses 
have been demonstrated, there is considerable invasion of host tissues 
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by the parasite.   The extent to which such tissue involvement is 
necessary for the production of antibody is not well understood.   It 
is therefore of interest to study antibody production in helminthiases 
in which there is little tissue invasion.   Fasciolopsis buski ranks 
low among intestinal parasites with respect to the degree of tissue 
invasion accompanying infection.   The organism has no extra- 
intestinal developmental forms and is believed to maintain its position 
in the bowel by the muscular acetabulum alone, feeding on intestinal 
contents rather than host tissue.   We therefore examined sera from 
patients withü. buski for antibody reactive with antigens of the worm. 

DESCRIPTION;   Sixty-two sera were collected from individuals previously 
shown to be infected with j^, buski.   Control sera were obtained from 
Americans and Thais with no history of parasitic Infection and from 
people infected with the liver fluke Qpisthorchis viverrini. The latter 
specimens were employed to investigate reactivity of F. buski antigen 
with sera from people infected with another species of trematode which 
has a greater potential for the induction of an immune response. 

A crude antigen was prepared from whole adult F. buski   collected 
from infected pigs and stored at-70oC.   The frozen worms were thawed 
and weighed, added to 4 ml of saline for each gram of worm and 
extracted in a high speed steel bladed homogenizer for 10 minutes in 
an ice bath.   The preparations were centrifuged for 30' at 11.500 X g 
and the supernatant stored at-70oC. 

The sera were studied by a quantitative complement fixation test 
essentially as described by Levine  .   Antigen concentration was 
varied and the serum dilution kept constant at 1/400.   This high 
serum dilution was necessary to minimize anticomplementary effects 
noted with some sera in preliminary experiments.  The extent of 
lysis was determined by absorption measurements at 412 mu. (Soret 
band of hemoglobin) on supematants from reaction mixtures.   The 
difference in absorption {A A^^ between experimental mixtures 
and complement controls (i.e. mixtures without serum or antigen) 
was taken as an estimate of complement fixation.  The mixtures were 
prepared so that complete lysis gave an absorption reading of 1.5 units 
and the complement controls gave 80-90% lysis.   Sera which gave 
A A412 values of greater than 0.15 in the absence of antigen were 
consiaered anticomplementary.  All measurements were performed 
on duplicate reaction mixture s. 

PROGRESS;   Six experiments were performed comparing individual 
sera in each of the four categories described above.   A representative 

928 

»^—^MM^f ^MMMMMMMMMMMMMMMBMI 



experiment Is summarized in Fig. 1.   Complement fixation was observed 
with all four sera, but was much greater with the j;. buskl serum than 
in the controls.   These experiments are summarized In Table 1; the 
figures are for the highest antigen concentration employed.   In all but 
one case, greatest fixation was observed at the highest antigen level. 
The exception was a serum from an American which gave strong fixation 
(   A A^jo = 0'595) at a relative antigen concentration of 0.005 ml/ml 
but essentially none at 0.05 ml/ml. 

Tests of a total of 62 F. buski sera. Including those employed above, 
were also tested at four antigen concentrations up to and including 
0.1 ml/ml.  At least one serum from a normal Thai was tested In each 
experiment, and a total of 14 such control «ftra were studied.  All 
F. buskl sera Induced a progressive Increase in complement fixation 
with increasing antigen.   However, 10 sera showed significant anti- 
complementary activity so that estimates of complement fixation might 
be unreliable.   The remaining 52 sera gave   ^ A419 values ranging 
from 0.748-1.389 with the 0.1 ml/ml level of antigen.   Seven of the 
14 controls also showed some fixation, but the maximum 
0.371. 

^A412 was 

The fact that many of the control sera have some reactivity is not 
surprising in view of the complexity of the worm extract used as antigen. 
Since the lowest degree of fixation observed with any F. buskl serum 
was higher than that obtained with any of the controls, the data indicate 
that there Is a serologlc response to the infection.   Serum dilution 
titrations are in progress. 

SUMMARY:   Tests on 52 sera from individuals with F. buski infections 
showed greater complement fixation than in any of 32 control sera from 
normal individuals (26 sera) or people with O. viverrini infections. 
(6 sera). 

Table 1.   Complement fixation by human sera 
and crude F. buski antigen. 

Serum A A..«, Range in six experiments 

F. buski 0.667-1.260 
0. viverrini 0.066-0.553 
Normal Thais 0-0.3 72 
Normal Americans 0-0.257 
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■ Normal Thai 

—•••    Normal America 

0.01 0.02 0.03        0.04        0.05 

ANTIGEN   CONCENTRATION   ml/ml 
Fig    1 .    Complement fixation by four sera and Z. buski antigen 
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Phanerosolus bonnei 

Principal Investigators: George S. Manning, CPT, MSC 
Carter L. Diggs, LTC, MC 

Assistant Investigators: Vithoon Viyanant, B.S. 
Pravet Lertprasert 
Kitti Wa tana sir mkit, B.S. 

OBJECTIVE:   To study the life history, prevalence and pathology of this 
newly discovered human trematode infection. 

DESCRIPTION:   A survey of helminthic infections was recently conducted 
(August, 1969) in the village of Ban Phran Muan, Udornthani Province, 
Study of the morphological characteristics of Opisthorchis viverrini like 
eggs, which were found in abundance in the stool specimens, revealed 
the presence of two distinct types.   In addition to the typical eggs of 
Q. viverrini. eggs similar in size, but differing in morphology and stain- 
ing characteristics, were found in 156 of 413 of the specimens examined. 
These findings were interpreted as evidence for the presence of a trema- 
tode infection heretofore undetected in Thailand, and efforts were insti- 
tuted to obtain adult worms. 

Fifteen residents of Ban Phran Muan, who had previously been found 
positive for the new trematode eggs, were given hexylresorcinol (Merck, 
Sharpe & Dohme) and the total stool output collected for three days and 
examined for adult worms. 

On 17 November 1969, an autopsy was performed at the Udornthani 
Provincial Hospital on a 43 year old woman.    The contents of the colon 
were examined microscopically for parasite eggs and larvae.   The liver 
and bowel were examined grossly for adult helminths.   The bowel was 
then carefully washed and the washings examined for the smaller species 
of parasites.   All adult helminths were first examined unstained and then 
stained with acid carmine and mounted for identification. 

PROGRESS:  Adult trematodes were found in the stools of three of the 
fifteen persons treated with hexylresorcinol, but all were partially 
digested making study of the internal morphology unsatisfactory.   The 
post-mortem examination revealed many O. viverrini adults in the liver. 
Several hookworms (Necator americanus), pinworms (Enterobius vermic- 
ularis) and one tapeworm (Taenia saginata) were found in the bowel. 
Microscopic examination of the contents of the colon revealed both the 
eggs of 0. viverrini and the newly discovered trematode eggs.   The 
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intestine was carefully washed and in excess of 100 small (less than 
I mm.) pyriform flukes were recovered in the washings, most of them 
from the duodenum and upper jejunum.   A description of the fluke 
follows: 

Adult Worm:   a small fluke, with pyriform to oval body, covered anterior- 
ly with minute pointed spines; the spines gradually become smaller 
posteriorly and become fine hair-like projections on the posterior one- 
fifth of the worm; body measures 0.5-0.7 mm. in length, 0.33-0.45 mm. 
in width; the oral sucker is slightly subterminal and well developed; a 
muscular pharynx is present immediately posterior to it; esophagus, 
short; ceca short, extending to the level of the acetabulum; acetabulum 
median, well developed, in middle third of body; genital pore at or 
slightly anterior to the level of the pharynx, submedian, prebifurcal; 
vltellaria prominent, extracecal, forming clusters of follicles (approxi- 
mately 8) on either side in forebody; ovary, more or less ovoid and 
situated just lateral to acetabulum; uterus, well developed, and irregu- 
larly winding in hindbody, occupying most of hindbody.   Eggs numerous, 
small (see description below); testes, ovoid, symmetrical, at acetabular 
or pre-acetabular level; cirrus pouch, curved, pre-acetabular, although 
over-lapping acetabulum slightly; excretory bladder, Y-shaped; but the 
extent of the development of the side arms in the body could not be 
traced due to the extensive development of  the uterus. 

Eggs:   oval, rather thin shelled, with no distinct shoulder at operculum; 
Operculum, distinct or indistinct but not clearly differentiated as in O. 
vivirrini; length, 27 microns (23-33); width, 15 microns (13-18); no 
distinct abopercular excrescence; may have a thin albuminous coat adher- 
ing to the shell.   When stained with iodine, the eggs appear tan or 
brownish, not wine red as do O. viverrini, and the contents do not 
appear fully developed but have a vacuolated appearance. 

These characteristics conform closely to those of specimens kindly made 
available by Dr. Lie Kian Joe as discussed below. 

The features described above clearly place this trematode into the Genus 
Phaneropsolus^'^).   To our knowledge, there is only one previous 
report of human infection with a trematode of this genus; Phaneropsolus 
bonnei Lie Kian Joe, ln"l, was described as a new species from a 
single autopsy in Djakarta(3).   Examination of some of the type speci- 
mens revealed only minor variations from the above describtion.   We 
therefore identify our specimens as Phaneropsolus bonnei.   Since over 
150 cases have been detected, one of which was at a distance of 40 
kilometers from the others, P. bonnei is established as a naturally 
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occuring parasite of man possibly widespread in northeast Thailand. 
Studies are now underway to elucidate the life cycle of the parasite 
and estimate the prevalence of infection. 

D scription of Fasciolopsis buski Infections 
m Thailand by use of a Catalytic Model. 

Principal Investigators: George S. Manning, CPT, MSC 
Warren Y.  Brockelman, CPT, MSC 
Vithoon Viyanant, B.S. 

OBJECTIVE;   Since many parasitic diseases exist at steady state levels 
of prevalence, it is possible to learn a great deal about the pattern of 
acquisition and loss of infection by analysis of age-specific prevalence 
data.   By substituting age for time, attempts to fit exponential rate func- 
tions to the data are feasible.   The application of these techniques ba§   . 
been described by Muench.'1)   Previous Fasciolopsis buski surveys  '   ' 
have suggested that the prevalence typically reaches a peak in the 10-15 
year age group and drops with older age groups.   The purpose of the 
present study is to apply the new analytic approach to F. buski preva- 
lence data in order to derive statistics describing the transmission of 
the parasite in quantitative terms. 

DESCRIPTION;   Study Populations:Pak Hai. Avuthava Province.   The 
study area consisted of a small village along a tributary of the Noi River 
a few kilometers from the town of Pak Hai.   No sanitary facilities are 
available in the village and the people usually defecate into the stand- 
ing water beneath the houses (see 1969 Annual Report on Fasciolopsis 
buski).   There is little evidence that the way of life of the people in the 
village has changed significantly during recent history, so that  funda- 
mental assumption of this application of catalytic models, the inter- 
changeability of age and time, seems justified. 

Kho Kho Tao, Suphanburi Province.   The village of Kho Kho Tao, unlike 
Pak Hai, is situated at the edge of the basin in Central Thailand where 
the annual flood waters inundate the land.   Approximately one-third of 
the village is situated over the water and the remainder on dry ground. 
No sanitary facilities are available, but the chance of parasite eggs 
reaching the water is considerably less than at Pak Hai, where the 
ground is almost completely convered by water for several months each 
year. 

METHODS;  A house-to-house survey was carried out in Pak Hai, with 
all houses along a 1 km stretch of the river being visited.   Stool cups 
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were distributed to all members of each family.    Name, sex and age 
were recorded, and usually, whether or not the youngest members had 
begun to eat uncooked green vegetables.   Stools were collected on 
successive days and returned to the laboratory for processing (see 
1969 Annual Report on £. buski).    The response rate was approximately 
65%.   All stools were concentrated by the formalin-ether technique 
and examined microscopically for F.. buski eggs by three examiners at 
Pak Hai, and two at Kho Kho Tao. 

The Kho Kho Tao data were not originally intended to be subjected to 
detailed age-prevalence analysis, so that the sampling was not uniform. 
Approximately 30% of the sample was composed of 5-15 year old 
children surveyed in the school.   The remainder was obtained by house- 
to-house surveying as at Pak Hai.   We place less importance on con- 
clusions reached from these data. 

The two stage catalytic model described by Muenchw assumes that 
newly exposed people become infected at rate a, become negative at 
rate b. and remain negative.   The rate of change in prevalence is 

^    =   ae    "at     -bP 
dt 

where e   a  is the proportion of people at time (or age) t that have never 
been infected, and P the proportion at that age actually positive.   The 
solution is 

P  =  _a_^     (e    "bt    _e    "at, 
a - b 

The rates a and b can be found to roughly two decimal places by calcu- 
lating two moments from the data and entering them on a nomogram 
supplied by Muench.    The solution can be tested for goodness of fit 
with the X2 statistic with k-2 degrees of freedom, where k is the num- 
ber of age groups, reduced by the number of constants (two in this 
case) derived from the data. 

The survey data were divided into age groups as uniform in width as 
possible, consistent with each having approximately 50 people.   The 
younger people were divided into 5 and 2 year groups because they were 
more numerous and in order to increase the resolution of this critical 
region of the prevalence curve. 

One additional assumption was made prior to analysis; risk of infection 
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4 } was taken as beginning at two years of age and the curve was fitted 
so that t = 0 at age two.   This decision was made on the basis of 
information obtained during the interviews which suggested that few 
babies under two years of age had begun eating vegetables. 

PROGRESS; Pak Hai. An excellent fit to the data is obtained with the 
two stage catalytic curve, shown in Figure 1. In the test for fit, X^ = 
7.70, DF = 9, .75>p>.50. The exponential rates, a = 0.23 and b = 
0.024, can be converted into finite rates from: 

_ a(finite)    =  1-e    _a    =   .205 per year 
b(finite)    =  1-e    "b    =   .023 per year 

I 
The peak prevalence is predicted to be at age 13 by the equation.   If 
everyone in the population is at risk, virtually everyone will have been 
infected by 20 years of age,, 

Kho Kho Tao.   The prevalence over age 30 is significantly lower than 
the prevalence under age 30(x2 with 1 DF, p<.005), indicating that a 
curve that rises to a horizontal asymptote is not appropriate for these 
data.   The fitted two-stage model is shown in figure 2; the  hypothesis 
that the data conform satisfactorily is strongly rejected (.005 p .001). 
The data which deviates most markedly from the model was obtained in 
the 2-8 year age groups.   The actual rate of acquisition seems to be 
about double the 3.2% per year required to produce the prevalence ob- 
served for the older age groups, if the model provides an adequate 
description of transmission. 

Mere reversibility of stool positivity and negativity is not sufficient to 
produce a decline in prevalence with age and, therefore, cannot be con- 
sidered in interpretation of the results.   As least three possible types of 
explanations for decline in prevalence with age can be considered; 
(a) nonreversible loss of parasites due to immunity; (b) unsuitability of 
older hosts for parasite survival to maturity (excluding immune mecha- 
nisms); and (c) decreasing risk of Ingestion of metacercariae with in- 
creasing host age.   Information gathered from personal interviews and 
questionnaires, which were distributed to many of the villagers, 
suggest that the Ingestion of infection-carrying vegetables was not 
related to age in adults, so that assumption (c) alone cannot likely 
explain so marked a decline in prevalence as seen in Pak Hai.   Our data 
do not permit discrimination between assumptions (a) and (b^; further, 
we do not, at present, have any particular a priori model for non-immune 
host unsuitability.   The first explanation conforms exactly to the two- 
stage model and is obviously en attractive one, but since there is little 
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evidence for immunity to fasciolopsiasis, we suggest both explanations 
(a) and (b) as being possible.   Preliminary findings (see 1970 Annual 
Report on Immunologie response of F. buski) indicate that there is a 
serologic response in man to infections with F_. buski, suggesting the 
possibility that acquired immunity is also operative. 

We cannot provide a definite explanation for the poorer fit of the Kho 
Kho Tao data, though an increase in the infection rate during the past 
8-10 years is one possibility. 

Additional information about the physiology of the host-parasite inter- 
action and quantitative information about diet are necessary before 
generality of applicability of the two stage model for F. buski infections 
can be claimed. 

Analysis of the age-specific prevalence of several of the parasites 
common in northeastern Thailand is now underway. 

Proteolytic Activity in Trichinella-Spiralis Larval Secretions. 

Principal Investigators: 

Associate Investigators: 

Carter L. Diggs, LTC, MC 
Tongchai Papasarathorn, M.D., M.P.H., 
S.M.   (Harvard) 
Chief, Department of Parasitology 
Faculty of Public Health 
Mahidol University 

Pirom Phisphumvidhi, B.Sc. 
Angoon Kiettivuti, M.S. 
Department of Parasitology 
Faculty of Public Health 
Mahidol University 

OBTECTIVE:  One of the prevailing hypotheses concerning immunity in 
trichinosis is that secretions and/or excretions (here referred to as 
"secretions") of adult Trichinella spiralis contain antigen (s) which 
provoke (s) protective immunity in infected experimental animals '. 
It has been postulated that these antigen (s) consist of (or include) 
enzymes which are involved in the digestion of helminth nutrients, 
although there is no evidence for this at present.   However, protease 
activity has been found in esophageal extracts of Ancylostom caninum 
and this activity was inhibited by immune serum^.   Furthermore anti- 
body inhibitory to larval lactic dehydrogenase has been obtained from 
rabbits infected with X,. spiralis^ and anti-enzymes have been des- 
cribed in other nematode infections.   The objectives of this project are 
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to (a) evaluate Trichinella spiralis secretions for protease activity 
and, if found, to (b) assess the ability of antisera raised in response 
to infection to inhibit this activity. 

DESCRIPTION;    T. spiralis larvae are isolated from the   muscle of rats 
infected four weeks previously by a pepsin digestion technique and are 
incubated at 370C in saline.   Viability of larvae is assessed by micro- 
scopic sampling; larvae that are neither tightly coiled or motile are 
taken to be non-viable.   Production of secretion is monitored by spec- 
trophotometry at 280 and 260 nya.   The saline incubates are routinely 
cultured on blood agar and fluids showing bacterial growth are discarded 
and any data already obtained using such material rejected.   Protease 
assays are performed using casein as substrate; the difference in absor- 
bance at 280 mfi. between a trichloroacetlc acid (TCA) extract of an un- 
incubated control and that of the experimental reaction mixture is taken 
,as an estimate of proteolytic activity.   All protease determinations are 
performed in duplicate.   Serum or serum fractions from rabbits infected 
with T. spiralis are tested for effect on protease activity by incubation 
with culture fluid for 30 minutes at 370C prior to protease assay. 

Gel diffusion tests are performed by standard techniques using both 
culture fluid and a somatic extract as sources of antigen. 

PROGR.SSS:   Essentially complete survival of the larvae is observed for 
the first 35 hours of incubation; after this, increasing numbers are found 
dead at each sampling.   A significant amount of material absorbing at 
260 and 280 nya. can be detected as early as 15 hours and increases in 
an approximately linear fashion up until at least 35 hours.   Routinely, 
culture fluid is harvested at about forty hours, when only a few larvae 
are nonviable.    Protease activity has been found in both the culture 
fluid and in homogenates of the worms. TCA soluble material increases in 
the reaction mixtures for up to three hours, although linearity is not 
maintained.   Since the activity is low, assays are routinely performed 
utilizing the three hour incubation period.   The response obtained in this 
way is approximately linear with concentration of culture fluid (Fig. 1). 
The activity is abolished by boiling and appears to deteriorate on freez- 
ing and thawing.   For this reason, most experiments are conducted with 
fresh material.   Dialysis of the preparations in an effort to reduce the 
amount of TCA soluble material absorbing at 280 nyi. also resulted in 
loss of activity.   Determination of the pH optimum for the proteolytic 
reaction revealed a biphasic dependence of activity of pH (Fig. 2).    One 
optimum, at pH 2, is very close to that of pepsin and may represent a 
contaminant retained from the larval isolotion procedure, although wash- 
ing of the larvae before culture is rigorous. The second optimum is at 
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pH 6; at this pH, there appears to be no contribution from the pepsin 
or pepsin like material.   Studies of pH-activity curves of the pepsin 
preparation employed in these studies gave no evidence of activity at 
pH 6 (Fig. 3).   These findings provide assurance that the activity 
detectable at pH 6 in T. spiralis secretions is in fact a product of the 
organisms. 

Gel precipitin tests on sera from rabbits infected with T. spiralis show 
a brisk serologic response.   Preliminary to study of the effect of anti- 
body an protease activity, the influence of normal serum was explored; 
whole normal serum inhibits protease, but this inhibitory effect can be 
circumvented by the use of the 50% ammonium sulfate insoluble fraction 
of the sera (Table 1).   A preliminary experiment with immune ammonium 
sulfate precipitated globulins suggested partial inhibition of protease, 
but attempts to confirm this finding with other sera have not been suc- 
cessful.   Serially collected rabbit sera are now being titrated for anti- 
body by passive hemagglutination and will be systematically studied 
for inhibition of protease activity. 

SUMMARY:   Proteolytic activity, as measured by production of trichlo- 
roacetic acid soluble material absorbing at 280 mu. during incubation 
with casein, has been demonstrated in saline in which T. spiralis larvae 
have been incubated.   The activity appears to be a linear function of 
concentration and is abolished by boiling.   The pH optimum is approxi- 
mately 6.   The activity is completely inhibited by normal rabbit serum 
but not by its 50% saturated ammonium sulfate insoluble fraction.   Pre- 
liminary experiments suggest partial inhibition of activity by immune 
globulin. 

Susceptibility of Laboratory Animals to Brugia tupaia. 

Principal Investigators: George S. Manning, CPT, MSC 
William L. Wooding, MAJ, VC 
Carter L. Diggs, LTC, MC 
Bruce A. Harrison, CPT, MSC 

OBJECTIVE:    These experiments were undertaken to test the susceptibi- 
lity of laboratory animals to the tree shrew (Tupaia glis) filarial worm 
Brugia tupaia.   If maintainance of the parasite in the laboratory were 
possible, a useful model for studies of host pathophysiology would be 
provided. 

DESCRIPTION;    Monthly trappings of tree shrews were made to provide 
a source of microfilaria and to determine whether or not seasonal 
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Table  I.   Effect of normal rabbit serum and its 50% 
saturated (NH^SO^ precipitate on 
T. spiralis protease activity 

Mean^ ^230 
Saline 0.091 
Whole serum 0 
Heated serum 0.027 
Dialyzed serum 0.027 
(NH4)2S04 precipitate 0.124 

Table   II.  Effect of the 50% saturated (NH4)2S04 
precipitate of immune rabbit serum on 
T. spiralis protease activity 

MeanA A2QQ 
Exp. No. _1 Exp.  No. J 

Normal serum - 0.100 
Saline 0.107 _ 
Rabbit #1 0.089 0.069 
Rabbit #2 0.071 0.070 
Rabbit #3 0.085 0.080 
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Fig 1 .    Effect of concentration of T. soiralis secretion on production of TCA 
soluble material absorbing at 2 80 mu on incubation with a casein sub- 
strate.    Each point represents the difference in absorbance between 
the TCA extract of a single reaction mixture and its unincubated control. 
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Fig 2.   Effect of pH on protease activity of T.  spiralis secretion, 
point represents the mean of duplicate determinations. 

Each 

Fig 3.   Effect of pH on protease activity of the pepsin preparation used 
for isolation of T.. spiralis larvae.   Essentially no activity is 
detectable at pH 6. 
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fluctuations in prevalence occurred in nature. 

Infective larvae were inoculated subcutaneously (see 1969 Annual 
Report) into 21 rats (10-2U larvae each), 15 hamsters (10-20 larvae each), 
3 rabbits (20-36 larvae each) and 2 gibbons (40-48 larvae each). Week- 
ly complete blood counts were made on 10 rats and 5 hamsters, with 
peripheral blood examinations for microfilaria made periodically on all 
inoculated animals. 

Two autopsies were performed on infected tree shrews to investigate 
the pathology of the infection in the natural host. 

PROGRESS:   The results to the field study suggest a peak in the tree 
shrew population occurring between September and January, as judged 
from the rise in the number of animals captured during this period.   No 
trend suggestive of seasonal variation in prevalence of infection was 
observed. 

The rats and hamsters have been studied for 60 and 48 weeks respective- 
ly; none have developed a patent infection.   The rabbits and gibbons were 
bled monthly for 10 and 12 months respectively and have also remained 
negative for microfilaria.   No remarkable changes in blood counts have 
been observed, except for a slight and transient elevation of eosinophils 
in some rats shortly after inoculation (see 1969 Annual Repor:). 

Autopsies on the two infected tree shrews revealed numerous pathologic 
changes of the kidneys, liver, and certain lymph nodes.   However,few 
if any specific changes could be directly attributed to the parasite.   In 
one of the specimens, serial sections of adult worms, suspected to be 
B. tupaia, were found associated with lymph nodes in the abdominal 
cavity.   This is the first time adult worms have been found. 

When an animal remains negative for more than 12 months, it is assumed 
that the infection was not successful and the animal is then sacrificed 
If none of the experimental animals develop a patent infection, the pro- 
ject will be terminated. 

SUMMARY:   Attempts to infect laboratory animals with Brugia tupaia 
have, to date, been unsuccessful. 
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The Morphology of Gnathostoma dolcresl 
Advanced Third-stage Larvae. 

Principal Investigator: Professor Svasti Daengsvang, Med.D. 

Assistant Investigators: Boonsiri Sermswatsri 
Pichit Youngyi, B.Sc.1 

Dhawee Guname, B.Sc. 
Phaibul Sirichakwal, B.Sc.2 

Paisal Yingyourd, B.Sc.2 

Rapee Machimasatha, B.Sc. 

OBJECTIVE:    This study was initiated to determine the numbers of 
hooklets in the cephalic area of the larvae of G. doloresi to allow, if 
feasible, differentiation from other species of gnathostomes already 
studied. 

DESCRIPTION:   Additional numbers of G. doloresi advanced third-stage 
larvae were obtained from 12 experimentally infected white mice. 
Measurements were made using the ocular micrometer; a microscopic 
study of the numbers and distribution of hooklets on each cephalic 
booklet row after separating the head of each larva from the body was 
performed. 

PROGRESS:    The study was made on the number and distribution of 
cephalic booklets in each row of 23 G. doloresi advanced third-stage 
120-22 5 day old larvae from white mice.   The size of each larva was 
also measured. 

The results are shown in Table 1; the average body size of 23 larvae were 
2.96 x 0.41 mm (range 1.83-3.99 x 0.34-0.49 mm).   Two larvae were 
discovered to have developed a fifth row of hooklets (row V) on the 
cephalic bulb with a total of 37 and 19 cephalic hooklets respectively 
(Figure 1).   This is the first observation of a fifth cephalic booklet row 
in this organism.   Including the present results, the body size and 

* Retroactive in previous reports. 
1 Worked for some months during the year beforo resignation for further 

education. 
2 Replacement for 1. 
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Table 1.   Distribution of cephalic hooklets of 23 advanced third- 
stage larvae of G. doloresi discovered in 12 experimentally 
infected white mTce during the reporting period 
1 April 1969 - 31 March 1970. 

^NW Row No. 
^v. I II III IV IV-I Age Size 

Larva No/^s. (Days) (m.m.) 

1 36 37 31 34 -2 127 2.16x0.42 
2 30 38 36 36 6 140 2.64x0.41 
3 34 39 32 36 2 140 2.50x0.40 
4 35 37 40 38 3 140 3.08x0.40 
5 39 39 40 38 -1 140 3.14x0.42 
6 36 38 35 36 0 119 2.68x0.37 
7 40 39 37 39 -1 119 2.15x0.43 
8 39 35 35 40 1 120 3.83x0.37 
9 41 39 39 38 -3 120 2.07x0.36 

*10 39 39 37 41 2 120 3.36x0.34 
11 42 35 36 36 -6 120 2.85x0.36 
12 38 39 39 38 0 120 2.89x0.36 
13 42 40 39 40 -2 120 2.17x0.37 
14 39 37 37 39 0 120 1.83x0.34 
15 39 36 37 38 -1 218 3.16x0.46 
16 37 36 37 33 -4 218 3.56x0.46 
17 36 37 35 34 -2 218 3.49x0.49 

*18 33 38 38 45 12 218 3.16x0.46 
19 39 41 38 37 -2 225 3.56x0.46 
20 35 34 35 32 -3 224 3.99x0.39 
21 41 43 41 31 -10 224 3.16x0.46 
22 39 41 36 35 -4 224 3.06x0.43 
23 33 36 34 38 5 168 3.66x0.40 

Average 37.1 38.0 36.7 36.8 -0.43 160.95 2.96x0.41 

*   Each larva has row V on its cephalic bulb showing 37 and 19 
cephalic hooklets. 
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Fig 1     Photomicrograph of a cephalic bulb of G. doloresi advanced third- 
stage larva obtained from an experimentally infected white mouse 
developing 5 cephalic hookiet rows. 
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booklet distribution of 38 larvae have been studied (Annual Progress 
Reports of 1968 and 1969),   Twelve more larvae of this stage will be 
investigated to complete the study of the body size and of the 
distribution of the booklets in 50 worms. 

SUMMARY:   Study of body size and cephalic booklet distribution in 23 
G. doloresi advanced third-stage larvae showed an average body 
measurement 2.96 x 0.41 mm; each row of cephalic booklets had on 
average of 36.7 to 38.0 hocKlets.   Every cephalic bulb studied showed 
4 cephalic booklet rows with the exception of two larvae which  had 5 
booklet rows on each cephalic bulb.   Twelve more larvae will be 
studied before completion of the project. 

A Study of the Morphology and Life Cycle of 
Gnathostoma vietnamicum and of the Prevalence 
of Infection and Renal Pathology in the Definitive 
Host, the River Otter (Aonyx cinerea Illiger). 

Principal Investigator: Professor Svasti Daengsvang, Med.D. 

Assistant Investigators: Boonsiri Sermswatsri 
Pichit Youngyi, B.Sc. 
Dhawee Guname, B.Sc. 

OBJECTIVE:   The objectives of this study are to determine morphological 
characters of Gnathostoma vietnamicum useful for its differentiation 
from other gnathostomes, to determine the prevalance of the infection, 
to characterize the changes in the infected urinary organs in the defini- 
tive host, and to explore the possibility of the worm's transmission to 
and development in other vertebrates especially food animals of man. 

DESCRIPTION:   River otters (Aonyx cinerea Illiger) obtained from a 
southern province (Nakornsrithammarat) by a local animal dealer in 
Bangkok were autopsied within a few days after death.   All organs were 
examined by using an examination box and the identification of worms 
and their eggs found were later confirmed microscopically, 

PROGRESS:    Three river otters were studied.   An adult female weighing 
1.7 kilograms with a body length of 18 inches and a tail length of 11. 5 

Retroactive in previous reports. 
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inches was found infected with a total of 9 G. vietnamicum of which 
one was a larva and the others were 6 adult females and 2 adult males. 
The locations of the worms found were as follows: in the left kidney, 
1 adult male was found in the pelvis; in the right kidney, 6 adult 
females and 1 adult male were found located in the pelvis and the 
upper part of the ureter.   The measurements made on the adult worms 
showed a range of 31-47 mm x 1.8-2.8 mm for 5 adult females and of 
35 mm and 45 x 2.0 mm for the 2 adult males (1 adult female was not 
measured).   The cephalic hooklet rows on each head bulb were found 
to vary from 13-15 rows.   One larva found in the lumen of the upper 
part of the right ureter measured 14.0 x 0.7 mm and had only 4 cephalic 
hooklet rows on its head.   The gross pathological changes of the infected 
organs consisted of marked fibrous tissue thickening of the right pelvis 
and the upper part of the right ureter.   The left kidney showed only 
slight fibrous tissue thickening at the pelvis.     Many eggs of 
Q, vietnamicum were found in the urine obtained from the bladder. 
The worms and infected kidneys were kept for further study. 

The other two river otters were negative.   These measured 16.5 and 
17.0 inches for the body length and 10.5 and 9.5 inches for the 
tail length and weighed 1.3 kilograms and 1 kilogram respectively. 

Previous studies on.GL, vietnamicum were reported in the SMRL 
Annual Reports for 1968 and 1969. 

This study had to be suspended for some time during this reporting 
period due to the resignation of assistant investigators for further 
education.   The study will be continued. 

SUMMARY;   A river otter obtained from Nakomsrlthammarat Province, 
was found infected with 8 adult and 1 larva Q.. vietnamicum.   Two 
other otters from the same area were negative. 
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Chemotherapy of Ganthostomiasis 

Principal Investigator: 

Assistant Investigators: 

Professor Svasti Daengsvang, Med.D.* 

Boonsiri Sermswatsri^ 
Pichit Youngyl, B.Sc.1 

Dhawee Guname, B.Sc. 
Phaibul Sirichahwal, B.Sc.2 

Paisal Yingyourd, B.Sc.2 

Rapee Machimasatha, B.Sc. 

OBJECTIVE;   The objective of this study is to determine the effect of 
multiple subcutaneous doses of Ancylol Disophenol (2, 6-diiodo-4- 
nitrophenol) on the immature and larval stages of G. splniqerum in 
the definitive hosts (dogs and cats).   Since immature worms are the 
stages responsible for human gnathostomiasls, the study has per- 
tinence to human as well as domestic animal infections. 

DESCRIPTION:   In the last Annual Progess Report (1969) a study of the 
chemotherapy of mature adult Q. splniqerum infections in the stomach 
of 7 cats was reported.   The adult worms were successfully removed 
by one subcutaneous injection of Ancylol, but the larval stages in the 
tissue seemed to resist the drug.  A study of the effect of the same 
chemotherapeutic agent on the larval stages and Immature adults mi- 
grating in the tissue of various organs of dogs and cats by more than 
one subcutaneous dose of the drug has nnv been Initiated.   The study 
was undertaken on 5 adult animals (3 dogs and 2 cats) 1 to 3 months 
after being infected transcutaneously with different numbers of advanced 
third-stage larvae.   The drug given at a dosage of 0.1 ml per pound 
body weight according to the directions given by the manufacturer for 
treatment of canine hookworm.   The experimental animals were sacri- 
ficed and examined for the presence of the worms In the tissues of 
various organs 7-15 days after the last dose of the drug was given. 

PROGRESS: 1969:  A negative adult female dog (#15) weighing 15 lbs was 
successfully inoculated In 45 minutes with 100 advanced third-stage 
larvae {97% successful penetration via skin).   Thirty-three days later 
the animal was given 3 subcutaneous doses of 1. 5 ml each of Ancylol at 

Retroactive in previous reports. 
^ Worked for some months during the year before resignation for further 

education. 
2 Replacement for 1. 
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7-day intervals.   Autopsy one week after the last dose of the drug 
showed 5 living immature males and females in the muscles of the 
chest (1 female), back (1 female), abdominal wall (1 male), the 
peritoneal fat (1 female) and right lung (1 male).   In addition, there 
were 7 living unencysted advanced third-stage larvae; one each in the 
flesh of back, anterior abdominal wall, right front leg, peritoneum, 
diaphragm and the wall of the small intestine and the rectum.    Twelve 
dead immature worms were found in the muscles of the anterior abdo- 
minal wall (3 males, 2 females), back (2 females), right front leg 
(1 female), right hind leg (1 female), left lung (1 male) and liver (1) 
and left lung (1),   Sex could not be determined in two worms. 

Dog #16 was treated with 6 subcutaneous injections of Ancylol at one- 
week intervals.   The first dose of 1.6 ml was given about 3 months 
after successful skin penetration with 47 G. spiniqerum larvae in 1/2 
hours (89.0% successful penetration); 5 doses of 1.2 to 1.7 ml of the 
drug according to the animals weight were then given regularly at one 
week intervals.   The animal was sacrificed 18 days after the sixth 
dose and an atuopsy showed 1 living immature adult male G. spiniqerum 
located in the tissue at the junction of the esophagus and the stomach 
measuring 10.7 x 1.0 mm with 7 cephalic booklet rows.   Ten growing 
larvae measuring 5.0-6.7 mm x 0.6 mm were found in the diaphragm; 
8 were degenerate and 2 were alive with active movement when re- 
moved from the tissue.   No adverse effects of the drug were noted and 
there was little change in body weight recognized during the course 
of treatment. 

Dog #17 was also scheduled to be given 6 subcutaneous doses of 
Ancylol beginning about 1 1/2 months after being transcutaneously 
infected with 63 larvae (100% successful penetration).   This animal 
unfortunately died of unknown causes 5 days after being subcutaneously 
injected with the third dose of 2.3 ml of the drug.   During the course 
of treatment (about two weeks) the animal became anorexic and its 
body weight was reduced by about 6 lbs on the day of its death.   On 
autopsy 2 days after its death, 11 growing larvae of the worm were 
found in the diaphragm; 6 showed much degeneration of the esophagus 
and intestine but the other 5 larvae were still alive. The measurements 
made on 10 larvae were 4. 5-6.0 mm x 0. 5-0.6 mm, slightly longer and 
larger than when applied to the skin. 

The findings in these three treated dogs suggest that 3 to 6 doses of 
the chemical kills many larvae and immature worms located in the tissue 
when the treatment is started 1-3 months after infection. 
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Cat #85 was penetrated by 49 larvae in 2 hours (rate of successful 
penetration, 96%). Beginning 31 days after infection, the animal was 
treated with 4 doses of Ancylol.   The first dose was injected subcu- 
taneously (0. 5 ml) and subsequent doses were given at 7-day inter- 
vals.   Fourteen days after the last treatment (67 days after skin penetra- 
tion) an autopsy showed a total of 5 living advanced third-stage 
larvae of the worm in the muscles of the back (1) abdominal wall (1), 
left hind leg (2) and diaphragm (1).   The rate of recovery of living worms 
was still 10%. 

Cat #94 was exposed to a total of 54 larvae in 1/2 hour (successful 
rate of penetration, 9 5%).   It was given 6 subcutaneous doses of 
Ancylol at 7-day intervals beginning on 18 July 1969, one month after 
the infection, and ending on 3 September.   On autopsy 15 days after 
the last dose of the drug on gnathostomes were found in the tissues; 
no macroscopic changes were noted in the organ examined.   The 
animal remained normal during the course of treatment.   Thus, in this 
cat, 6 subcutaneous doses of Ancylol apparently cured the animal of 
the infection by larval stages located in the tissues.   The results of 
the study on the chemotherapy of G. spiniqerum in cats and dogs is 
summarized in Table 1.   The study is to be continued. 

SUMMARY;   Multiple subcutaneous doses of Ancylol Disophenol (2, 6- 
diiodo-4-nitrophenol) were used in this study of the chemotherapy of 
G. spiniqerum infections in dogs and cats.   A dosage of 0.1 ml per 
pound of body weight was given at weekly intervals beginning 1 to 3 
months after exposure of the experimental animals.   In 3 dogs, both 
living and dead larvae were recovered following as many as 6 subcuta- 
neous injections of the drug. 

One of 2 cats was negative for gnathostome larvae after 6 doses.    These 
results are inconclusive and further investigation is under way. 
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Transcutaneous Infection by Gnathostoma spinigerum. 

Principal Investigator: Professor Svasti Daengsvang, Med.D. 

Assistant Investigators; Boonsiri Sermswatsri^ 
Pichit Youngyi, B.Sc.1 

Dhawee Guname, B.Sc. 
Phaibul Sirichakwal, B.Sc.2 

Paisal Yingyourd, B.Sc. 
Rapee Machimasatha, B.Sc.2 

QBTECTIVE;   Tnis study Is designed to characterize experimental 
gnathostomiasis induced by the recently discovered transcutaneous 
route. 

DESCRIPTION;    Weekly stool examinations, by the formalin-ether con- 
centration method of cats and dogs previously infected by skin penetra- 
tion with G. spinigerum advanced third-stage larvae, were undertaken 
to determine the time required for the first ova positive stools (prepatent 
period) and the period of ova positive stools (patent period) of the 
infected animals.   Quantitative estimates of the numbers of ova in the 
stools of the positive animals were also made by Stolls' egg counting 
technique.   Autopsies were performed on cats and dogs to examine the 
migration and development of G. spinigerum larvae in various organs of 
the animals at various times after being transcutaneously infected with 
larvae of the worm. 

PROGRESS; Observations of the skin penetration of third-stage larvae of 
G. spinigerum were continued on 7 cats and 7 dogs (see 1969 Annual 
Report), and the study was expended to include 2 additional adult cats 
and 1 adult dog.   The results were as follows; 

Cat #73 died of unknown causes on 22 July 1969 with the stool still 
positive for ova (144 + days of patent period).   Autopsy showed a small 
round gastric tumor of about 1.0 cm in diameter containing 2 mature 
male G. spinigerum measuring 13.0 mm x 1.2 - 1.3 mm and 1 mature 
male attached to the omentum near the greater curvature of the stomach 
measuring 14.0 x 1.4 mm.   Since the animal had been inoculated with 

* _ 
Retroactive in previous report. 

^ Worked for some months during the year before resignation for further 
education. 

o 
Replacement for 1. 
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I 42 larvae, the rate recovery of worms was only 7.1%.    No female worms 
were found In the gastrointestinal tract and had the animal lived, the 
next stool examination would have been negative for ova.   In this case 
probably many adult males and all females passed out with the stools 
before death (spontaneous elimination by the cat). 

Cat #74 died on 1 April 1969 (probably as a result of vaccination against 
distemper), 195 days after the initiation of the experiment, and was 
still in a period of ova negative stools.   On necropsy, the animal 
showed 17 immature male and female G. spinigerum in the diaphragm 
and anterior chest wall and 9 growing third-stage larvae in the anterior 
chest wall musculature :abdominal wall, back and the stomach wall. 
The rate of worm recovery was 56%. 

Cat #77 first showed ova positive stools on 13 June 1969 or about 227 
days after skin infection (prepatent period).   It died 28 days following 
the first ova positive stool, probably due to rupture of a gastric tumor 
caused by the G. spinigerum adults.   On autopsy 46 organisms were 
found (rate of worm recovery was 54%) of which 30 were mature worms, 
14 immatures and 2 advanced third-stage larvae infecting many organs 
as follows: 12 mature (8 females and 4 males) free in stomach cavity; 
9 mature (6 females, 3 males) located in a gastric tumor measuring 
about 2.0 cm. in diameter; 7 mature (5 females, 2 males) found attached 
to the peritoneal fat near the outer surface of a stomach tumor; 2 mature 
females in the left diaphragm.   Fourteen immature worms (12 females, 
2   males) were located in the following organs: 9 females attached to 
peritoneal fat near the lower part of the stomach, 4 (2 females, 2 males) 
located in the stomach tumor, and 1 female in the intercostal muscles 
of the lower chest wall musculature and one in the left diaphragm. 

Cat #83   showed the first ova positive stool on 2 September 1969, after 
a prepatent period of 310 days.   Stool examination was first negative 
89 days later (patent   period).   The animal is still being kept for further 
observation. 

Cat #84 first showed ova positive stods on July 1969 (a prepatent 
period of 127 days).   The first ova negative stool was found 100 days 
later (patent period).   The animal was kept for further observation. 

Cat #87 and #89 died during the period of ova negative stools probably 
as the result of vaccination against distemper on the same date of worm 
development and the infectivity rates in the animal.   On necropsy there 
were a total of 41 worms recovered with the following details : 37 mature 
(22 females and 15 males) and 2 immature female G. spinigerum found 
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in a round gastirc tumor measuring 2.0 cm. in diameter.   In addition 
there was 1 immature female located in the right lung and 1 immature 
female attached to the peritoneal tissue near the lower part of the 
stomach.    The worm recovery rate was 63%. 

Dog #2 showed the first G. spinigerum ova positive stools on 22 May 
1969 (prepatent   period of 247 days after the first skin infection); the 
first ova negative stool was on 3 February 1970 (patent period of 257 
days).   The animal was kept for further study. 

Dog #9 showed the first G. spinigerum ova positive stools on 3 June 
1969 (prepatent  period of 22 days); the period of ova positive stools 
was 58 days (patent period).   The animal was then sacrificed 57 days 
after the last ova positive stool; autopsy showed no stomach lesion, 
bat there were 9 advanced third-stage larvae measuring 6.0-6.8 x 
0.6-0.7 mm found in the muscles of the hind legs (4 larvae), in the 
intercostal muscles (3 larvae), and in the flesh of the anterior abdomi- 
nal wall (2 larvae).   The worm recovery rate is 4.7%. 

Dog #12 the animal always showed ova negative stools on weekly 
stool examinations.   It was sacrificed on 26 February 1970, 498 days 
after the skin infection and on autopsy revealed a total of 2 G. 
spinigerum larvae in the muscles of the back and fore- leg measuring 
8.0 x 0.7 mm and 4.0 x 0.6 mm (worm recovery rate 2.3%). 

Dog #13 first became ova positive 112 days after the first skin infection 
or 93 days after the last (prepatent period).   The animal then continued 
showing ova positive stools for more than 329 days up to the date of 
termination of the study (17 October 1969). 

Dog #14 was sacrificed on 23 July 1969 after 2 53 days (8 1/2 months) 
of patency.   Autospy showed a gastric tumor of about 2.0 cm in diameter 
containing 19 mature worms (9 males and 10 females), and there were 
12 mature worms (3 males, 9 females) found freely mixed with the 
stomach contents.   In addition, there was 1 immature worm found in 
the right side of the diaphragm and another in the lower part of the 
esophageal wall.   The total burden was 33 worms (rate of worm recovery 
about 49%). 

Dog #18 was given on August 13, 1969, one transcutaneous infection 
with 64 G. spinigerum larvae in 1 1/2 hours (rate of successful penetra- 
tion, 100%).   The animal up to the end of 31 March (230 days after 
the skin infection) was still showing ova negative stools.   It was kept 
for further observation. 
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The result of this experimental investigation on skin penetration of 
dogs by G. spiniqerum larvae is summarized in Table 2. 

SUMMARY;   Observations of cats and dogs transcutaneously infected 
with third-stage larvae of G. spiniqerum were continued.   Prepatent 
periods in tho cats ranged from 60 to 310 days, and the periods of 
positive stools (patent periods) varied from 89 to more than 197 days. 
Recovery of inocula as viable worms ranged from 7.0% to 94.4%. 

In dogs, the prepatent period was from 96 to 247 days.   One dog con- 
tinued to be negative for 498 days, and at autopsy only 2 larvae were 
recovered.   The period of patency (ova production) ranged from 58 
days to 329 days.   The worm recovery rate varied from 2.4% to 85%. 

There appeared to be a continuous reduction of the number of worms 
harbored by both dogs and cats as the infections persisted. From rates 
as high as 94% in cats the recovery rate decreased to 7% from rates 
as high as 94% obtained from cats 22 days after exposure, the rates 
decreased to 7% 320 days after exposure. In dogs, 85% could be re- 
covered the day after penetration of the larvae and only 4.7% of the 
inoculum was found 280 days after exposure. 
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Table 1. Skin penetntlon by Gnathostan spinigen» advanced third-stage larvae In 10 atiult 
domestic cats. 

Source 

of 

larvae 

Date and 

frequenc 
of infec- 
tion 

No. of 

larvae 

penetratec 
thru the 
skin and * 

Days from 
skin pene- 

tration of 
larvae to 
first ova 

positive 
slool 
(prepatent 

period) 

Days from 
first ova 

positive stool 
to first ova 

negative 
(patent period 

Autopsy findings 

No. 

No. of worms 
recovered 
and % 

Stages of 

worms re- 
covered 

Organs Infect- 

ed by worms 

Remarks 

•Cat 38 white 
mice Ü 
snake- 

headed 
fish 

is-zz/a/ea 
3 times 

53 
(62 « 

154 + 27 
(51%) 

males, 

females 

and larvae 

Immature 
adult and 

larvae 

stomach 

abdomlnalwal 
chest wall 
omentum 

diaphragm 

Sacrificed   on 

14 Jan 69 (day 
154 of prepatent 

period) 

Cat 73 white 
mice 

dot) 

5-6'9'68 

2 times 

42 

(93%) 

176 144 + 3 males 
(7.0%) 

mature adult Gastric tumor 

and omentum 

Died of unknown 

causes with ova 
positive stool 

(day 144, on 
22 July 69) 

Cat 74 snake- 

headed 
fish 

17/9/68 

1 time 

46 

(90«) 

195 + 26 males, 

females 
and larvae 

(56%) 

Immature 
adult and 
larvae 

stomach 

diaphragm, 
costal, 

abdominal and 

back muscles, 
abdominal fat. 

Died perhaps of 

vaccination (on 
1 April 69, day 
19 5 of prepatent 

period) 

Cat 77 white      i   Z3/10/66 
mice       |    1 time 

j 
1 

1 
1 

85 

( 100%) 

227 23 + ••6 luowte 

and Immature 
and larvae 

(54%) 

mature and 
Immature 
adults and 
1 larva 

stomden 

diaphragm 
peritoneum 

muscles of 
abdomen and 
chest. 

Died  during ova 

positive stools 
(day 28 of pa tont 

period, on U July 

69) 

Cat 83   1 white 

I mice 
1 

30/10/68 
1 time 

61 

(100*) 

310 89 Still alive   ova 

negative stool 

up to 31 March 70 

(118 days after 
last positive 

stool) 

Cat 84   I white 

i mice 

i 
2 5-2^2/69 

2 times 
44 

(66.7%) 
127 100 " Still alive   ova 

negative stool 
up to 31 March 70 
(172 days after 
last positive 

stool) 

Cat 87 white 

mice 

10/3/09 

1 time 
18 

(100%) 
22 + 17 larvae 

(94.4%) 
larvae liver,  skin, 

diaphragm   . 
abdomenal fat 

Died   perhaps of 

vaccination on 

1 April 69 (day 
22 o; prepatent 

period) 

Cat 89 white 

rnlce 

10/3/69 

1 time 

45 

(75%) 
22 ♦ 38 larvae 

(84.4%) 

larvae liver 
abdomenal 

muscle 
abdomenal fat 

Died   perhaps of 

vaccination on 

1 April 69 (day 
22 of prepatent 

period) 

Cat 91    : 

1 

white 

mice 

17/7/69 
1 time 

59 

(93%) 

60 197 * Still alive r ova 

positive stool 

up to 31 March 70 
(day 197 of 

patent period) 

Cat 97 while 

mice 

7 '8/69 

1 time     i 

10 

(100/,) 

60 t - 7 larvae 

(70%) 

larvae liver 

| 

Died   on 6 Oct 69 

(day 60 of pre- 

patent period) 

•Reported in 1969 Annual Report. 958 4 
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Table 2.   Skin penetration by Snathostoma splnigeriw advanced third-stage larvae in 9 adult 
domestic dogs. 

Animal Source 

of 

larvae 

Date and 
frequenc. 
of Infec 
tion 

i 

No. of 
A larvae 
- penetrated 

thru the 
skin and % 

Days from 
skin pene- 
tration of 
larvae to 
first ova 
positive 
stool 
(prepatent 
period) 

Days from 
first ova 
positive stool 
to first ova 
negative 
(patent period; 

Autopsy findings 
Remaps 

No. No.of worms 
recovered 
and % 

Stages of 
worms re- 
covered 

Organs infect- 
ed by worms 

Dog 1 white 
mice 

15/10/68 
1 time 

65 
09.3%) 

231 [        31 + 41 mature 
males & 
females 
(63 %) 

mature 
adult 

stmach 
lung 
amentun 

I Sacrificed on 
3 July 69 with 
ova positive 
stools  (day 31  of 
patent period) 

Dog 2 snake 
t. 
snake- 
headed 
fish 

I 17-23/9 
/es 

2 times 

76 
(100«) 

247 
(.from 
first 
skin in- 
fection) 

257 1Sti11  alive, nva 
negative~sTbols 
up to 31 March 70 
(56 days after 
last positive 
stool) 

Dog 9 white 
mice 

24/10- 
4/11/ 
68 
2 times 

1 
192 

(81.4%) 
222 

(from first 
skin infec- 
tion) 

58 9 larvae 
(4.7%) 

larvae hind leg 
muscle 
costal 
muscle 
abdcmenal 
muscle, 

abdcmenal fat 

Sacrificed with 
ova negaTTve 
stools, 26 Sept69 
(67 days after 
last positive 
stool) 

Dog  10 white 
mice & 
snake 

28/10 - 
12/11/68 
2 times 

119 
(69.6%) 

234 
(from first 
skin infec- 
tion) 

228 - - Still  alive,ova 
negative stools 
up to 31 March 70 
(57 days after 
last positive 
stool) 

*Dog 11 white 
mice 

4/9/68 
1 time 

33 
(97.1%) 

1 + - 28 larvae 
(85.0%) 

larvae skin abdome- 
nal flesh. 

Died on 5 Sept 68 
wftFT ova negative 
stool   (day 1 of 
prepatent period) 

Dog 12 white 
mice 

16/10/68 
1 time 

88 
(96.7%) 

498 + - 2 larvae 
(2.3%) 

lime dorsal muscle 
fore-leg 
Tiuscle 

Sacrificed on 
26 Feb 70 with 
ova negative 
stool   (d«y 498 
of prepatent 
period) 

Dog 13 white 
mice 

2-21/8/ 
68 
3 times 

64 
(38.6%) 

112 
(from f rst 
skin infeq 
tion) 

329 + — - - Discharged on 
17 Oct 69 from 
the study for 
being uncontrol- 
lable. 

Dog 14 white 
mice 

j 

8-20/8/ 
68 
2 times 

68 
(46.2%) 

96          | 

tion) 

253 + 33 immature 
females, 
mature 
males & 
mature fe- 
males 

(48.5%) 

immature 
female , 
mature 
males    , 
mature fe^ 
males 

stomach              ! 
diaphragm          | 
esophageal 

wall. 

Sacrificed on 
23 July 69 during 
ova positive 
stools   (day  253 
of patent period) 

Dog  18 
| 

white 1 
mice 

13/8/69 
1 time 

64 
(100%) 

230 + \ - - 

i 

Still  alive, ova 
negative stool  up 
to 31  ^iarch   70 
(day 230 of pre- 
patent period) 

'Reported in 1969 Annual  Report. 
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Studies of New Experimental Hosts, Life Cycles and Modes 
of transmission of Gnathostomes 

Principal Investigator: Professor Svasti Daengsvang, M 

Assistant Investigators: Boonsiri Sermswatsri1. 
Pi chit Youngyi, B.ScJ 
Dhawee Guname, B.ScJ 
Phaibul Sirichakwal, B.Sc.^ 
Paisal Yingyourd, B.Sc.   ? 
Rapee Machimasatha, B.Sc. 

OBJECTIVE;   During this reporting period continuation of the study to 
determine the seasonal  variation in the prevalence of adult G. spin igerum 
infections in dogs in the Bangkok and Thonburi areas and of advanced 
third-stage larval infections in snake-headed fish (Ophicephalus 
striatus), bought at the Ayuthaya anri Phetburi markets, was undertaken. 
Poisonous snakes provided by the Thai National  Red Cross Snake Farm 
were also studied.    Studies of adult G. spinigerum and other gnathostome 
species obtained from infected pig stotnacns at the Bangkok Slaught; •* 
House were continued.    Additional studies of the susceptility of aome 
conmon fresh water animals and other vertebretes as intermediate and 
paratenic hosts of 6. spinigerum, G. hispidum and G.  doloresi were per- 
formed. "*  """""*' '"" 

DESCRIPTION;    Examination of the gastrointestinal  tracts of stray dogs 
killed at The Bangkok-Thonburi Municipality Rabies Control Unit was per- 
formed in the month of April of this reporting year to complete a study 
on the seasonal prevalence of £. spinigerum in the definitive host (dogs) 
in the Bangkok and Thonburi areas.   This study was initiated in 1965 
for G. hispidur and G. doloresi and 1968 for G. vietnamicum. 
GnatFostome worms were obtained from infected pig stomachs for species 
identification.    This was made possible with the full cooperation and 
assistance of the Bangkok Slaughter House authorities. 

Weekly stool examinations for gnathostome ova by the formalin-ether 
concentration method were done on cats and dogs brought to the SMRL 
animal house for experimental purposes; all cats and dogs that died 
were autopsied and examined for the presence of gnathostome worms in 
the gastrointestinal  tracts and musculature.    Stool samples collected 
from 40 young domestic pigs at a private Nakhorn pa thorn pig farm by 

Retroactive in the previous reports. 
Worked for some months during the year before resignation for further 
education. 
Replacement for 1. 
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Dr. Markapol Tingpalaponc of the SMRL Veterinary Medicine Department 
were examined by the formalin-ether concentration method for 
gnathostome ova. 

In the month of April, 1969, about 2 kg. of fresh water snake-headed 
fish (22 fish) purchased at the markets in Ayuthaya and Phetburi  (ende- 
mic areas) and posionous snakes from the Thai National Red Cross Snake 
Farm in Bangkok, which died spontaneously, were autopsied for 
G. spin ige rum and other gnathostome larvae for the completion of a 
study on the seasonal prevalence rate of infection with Gu spinigerum 
advanced third-stage larvae. 

To avoid the experimental use of naturally infected animals with 
gnathostome larvae, autopsies were done on samples of snake-headed fish 
(Ophicepahalus striatus), catfish (Clarias batrachus), top minnow fish 
(Gambusia hollbrooki), small fighting fish (Trichopsis vittatus), 
toad tadpoles (BuflTmelanostictus), frogs (Rana ruguTösa) and fresh 
water crabs (Paratelphusa sexpunctatum), of which some were collected 
in the Bangkok area from public and private fresh water ponds and 
ditches, and others were bought at the markets at Bangkok and Thonburi. 

Experimental  infection was also continued on many vertebrates to 
determine additional potential second intermediate and paratenic hosts 
£. spinigerum and of G. hispidum.    Additional numbers of white mice 
and one monitor lizarcT were fed with fully developed larvae of 
G* do!oresi in cyclops to determine their ability to act as the second 
Tntermediate host of the worm. 

PROGRESS;    Table 1 summarizes the April, 1969, findings on examination 
of dog stomachs from the Bangkok Thonburi Municipality Rabies Control 
Unit, snake-headed fish purchased at the fish markets in Ayuthaya and 
Phetburi, and snakes from the Thai National Red Cross Snake Farm in 
Bangkok. 

All 1,289 dog stomachs examined were found negative.    During April of 
196^ and 1968, 408 and 356 dog stomachs respectively, obtained from the 
Rabies Control Unit were also negative.    Advanced third-stage larvae 
of G. spinigerum were found in 2 (9%) of 22 fresh water snake-headed 
fisF bought at Ayuthaya and Phetburi markets showing 1 and 2 encysted 
6. spinigerum larvae each (at Ayuthaya 1 large fish negative and 1 of 
5" small fish positive with 2 encysted larvae; at Phetburi  1 of 5 small 
fish positive with 1 encysted larva).    These findings may be compared 
with 60.0% positive on examination of 8 small fish and 2 large fish 
(5 small fish and 1 large fish were positive) during April  1968.    All 
37 poisonous snakes obtained from the Thai National Red Cross snake 
farm (26 Naja naja, 1 Naja hannah, 8 Vipera russelli. and ? ^ ' nerus 
gramineus) were found negative as compared with 6% positivt on 
examination of 17 poisonous snakes in April 1968 (1 of 17 snakes was 
positive with the larva).    Also during this year 4 small and 1  large 
snake-headed fish obtained from Bangkok and Thonburi markets (2 small 
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fish bought at Thonburi market and 1  large and 2 small bought at 
Bangkok market) were found negative for gnathostome larvae.    Of an 

Table 1.    Result of study in April 1969 on the incidence 
of G. spinigerum infection in Bangkok domestic 
dogs and infection of second intermediate or 
paratenic hosts (snake-headed fish and poisonous 
snakes) with advanced third-stage larvae in 
endemic areas near Bangkok (Ayuthaya - Phetburi) 

Dog stomach 
(No. pos./No. exam.) 
Infection with adult G. spinigerum 

J Positive 

Total 

0/1289 

0 

Ophicephalus striatus (snake-headed fish) 

(No. pos./No. exam.)      Large** 
Small 
Total 

Infection with advanced third-stage 
larvae (in Ayuthaya-Phetburi) 

% Positive 

0/1 
2/21 
2/22 

Poisonous snakes 
(Naja naja & hannah, Vipera russel 1 i, Trimeresus gramineus) 

(No. pos./No. exam.) 
Infection with advanced third-stage larvae 

% Positive 

0/37 

0 

* Large Ophicephalus striatus = 500 grams and over 
** Small Ophicephalus striatus = Less than 500 grams 

additional 15 young snake-headed fish weighing not more than 5 grams 
each and measuring about 1.5 cm - 6.0 cm x 0.2 cm - 0.8 cm collected 
from a roadside fresh water ditch about 15.0 kilometers north of 
SMRL, 1 was found infected with a non-encapsulated G. spinigerum 
advanced third-stage larva in its liver measuring 2.2 x 0.2 mm. 

2 small catfish (Clarias batrachus) bought from a Thonburi market were 
found on autopsy to be negative for gnathostome infection. 

Stool  examinations of 28 domestic cats (#97 to #124) newly obtained 
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from Rajburi Province and nearby areas for experimental  infection with 
gnathostomes; 2 (#102, #103) were found positive with gnathostome ova 
(7.2%) but 11 of them died of unknown causes of which one only (#104) 
showed on autopsy one immature male measuring 13.3 x 0.3 mm in the 
stomach tunor of about 0.5 cm in diameter.   This animal never showed 
gnathostome ova on frequent stool examinations. 

Stool samples collected from 40 young domestic pigs at a private 
Nakhonpathom pig farm were found to be negative for gnathostome 
infection. 

A total  of 659 adult gnathostomes were recovered from infected pig 
stomachs from the Bangkok Slaughter House of which none were 
G. spinigerum; however, 488 (206 males and 282 females) were identi- 
Tied as G. doloresi and 171  (58 males, 113 females) as G. hispidum, 
as compared with a total of 979 worms (359 G. hispidum = 80 males 
and 279 females; 620 G. doloresi = 86 males and 534 females) for 1967 
-68, and 1773 worms (425 G. hispidun = 182 males and 243 females); 
1348 G.  doloresi = 414 males and 934 females) for 1968-69.    There were 
3411 gnathostomes found in 3 years from infected pig stomachs; none 
were G. spinigerum, but 955 and 2456 were identified as G. hispidum 
and G. doloresi respectively.    It is then reasonable to conclude that 
pigs are not the definitive host of, or naturally infected with, adult 
G. spinigerum. 

Experimental  infection with G. spinigerum larvae, 

(a)    Further determination of new second intermediate host and 
paratenic host on some animals commonly f   nd in fresh water ditches 
and ponds was experimentally undertaken as i/lows: """ 

After finding no natural  infection with gnathostome larvae on examination 
of 3 small top-minnow fish (Gambusia holbrooki), 10 toad tadpoles 
(Bufo melanosticuts) and 6 fresh water crabs (Paratelphusa sexpundta- 
tum) caught from a fresh water pond near the animal house of SEAT0 
Riciical Research Laboratory, 3 other top-minnow fish of the same size 
and from tha same pond were experimentally in a 1000 ml beaker contain- 
ing about 600 ml of fresh water with 18 cyclops infected with 37 fully 
developed larvae of G. spinigerum.    These 3 fish on autopsies 5-6 days 
later were found to 5e infected with 2, 3 and 4 advanced third-stage 
larvae respectively in the skeletal muscle of which three larvae, one 
from each fish, were found dead.    Measurements of all larvae revealed 
a variation in length of from 0.3-1.66 mm and in width of from 
0.03-0.13 mm. 

Four toad tadpoles of about the same size from the same pond were 
experimentally infected in a 500 ml glass beaker containing about 300 
ml of fresh water with 10 cyclops infected with 30 fully developed 
larvae of G. spinigerum 10 days old.    Of the tadpoles autopsied on 
different Hays, 2 examined on days 11 and 28 of the experiment were 
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negative for the infection; however, the other 2 tadpoles examined 
on days 11  and 21 were found to be infected each with 2 and 4 live 
advanced third-stage larvae of the worm in the digestive tract measur- 
ing in the range of 0.4-1.0 mm x 0.03-0.12 mm. 

The results of experimental  investigation showed for the first time 
that top-minnow fish and toad tadpoles, commonly found in fresh water 
ditches and wells, also act as additional second intermediate hosts 
of G.  spinigerum.    Moreover it is reasonable to assume that snake- 
he a?ed'fTsTimäy_be infected with advanced third-stage larvae of the 
worm by feeding on the infected top-minnow and toad tadpoles 
(secondary infection or paratenic host). 

Fifteen adult fresh water crabs were experimentally fed with different 
numbers of advanced third-stage larvae (3 to 40) obtained from experi- 
mentally infected white mice on autopsies at various days (8-29) 
after infection; all were negative for the infection.    This study will 
be continued until a total of 50 crabs have been examined or until 
some experimental crabs are found positive. 

The life cycle of G. hispidum. 

(a) Experimental study for determining second intermediate 
host by feeding vertebrates with G_. hispidum fully developed larvae 
1ri cyclops. 

Six adult snake-headed fish and 2 catfish were found negative after 
being fed with fully developed larvae in cyclops as reported in the 
SMRL Annual Report for 1969. 

During the reporting year the following food animals of man were studied 
to determine their ability to act as second intermediate hosts of the 
worm with consequent possible transmission to man.    The results are 
as follows: 

Of 2 young snake-headed fish (Ophicephalus striatus) weighing about 
3 grams (#5 and #6) and each fed witn 15 fully developed 10 day old 
larvae in 4 and 8 cyclopr. respectively, one fish was found on autopsy 
7 days after the experiment to harbor 1  living third-stage larva 
of G^. hispidum measuring 345 microns x 66 microns located in the 
liver,    me other fish autopsied 32 days after the experiment showed 
no infection.    Two small snake-headed fish weighing 100 gram and 
140 grams respectively were infected; one (#7) fed with 50 fully 
developed 16 day old larvae in 29 cyclops and the other (#8) with 
40 larvae of the same age in 21 cyclops.    On autopsy, one of the fish 
(#8) 5 days after the experiment showed 12 advanced third-stage larvae 
located in the stomach wall of which 10 were in the range of 662-800 
microns x 85-100 microns.    To determine further the infectivity, 8 
larvae were then fed to one white mouse (#36); autopsy 21 days later 
showed no infection.   The other experimental fish (#7) was sacrificed 
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41 days after the experiment.    On necropsy it was also negative. 

Four catfish (C1 arias batrachus) fed with 50, 46, 30 and 30, 10-12 day 
old fully developed larvae in cyclops showed on autopsies 24, 28, 46 
and 47 days after the experiment 21, 7, 3 and 4 living larvae in the 
stomach wall each of which was surrounded by a thin cyst wall measur- 
ing 266-400 x 71-194 microns.    The dimensions of 7 larvae after being 
freed from the cyst wall were 1.2-1.4 xO.2-0.3 mm.    To determine 
further the infectivity of these larvae in some warm-blooded verte- 
brates, 2 laboratory bred tree shrews (Tupaia glis) were fed with 9 
and 10 larvae obtained from one of the infected fish.    On autopsy 
11 days later the tree shrews were negative for the infection. 

Of 6 small fighting fish (Trichopsis vittatus) sacrificed 9 to 53 days 
after exposure to 68 cyclops infected with 89 G. hispidum fully 
developed larvae, 4 (66%) showed on autopsies 5" to 53 days after the 
experiment a total of 26 (30%) advanced third-stage larvae (25 in the 
stomach wall and 1  in the body flesh) of which 13 dead and 13 living. 
The dimensions of 19 larvae were 0.4-0.5 xO.05-0.08 im.    Eleven living 
larvae discovered in the stomach wall were then fed to a white mouse 
to determine their further infectivity; autopsy 14 days later revealed 
no infections. 

Three frogs (Rana rugulosa) were previously reported negativ« with the 
infection after being fed with fully developed larvae in cyclops 
(Annual Progress Reports 1968 and 1969).    During this reporting year 
each of 9 frogs was fed with 50 G. hispidum fully developed larvae 
10-16 days old in cyclops; an additional frog was given 30 larvae.    On 
autopsies of these frogs, 4-50 days after the experiment, 4 (40%) 
sacrificed 48-50 days after being fed with the larvae were found 
positive with 1,1,2 and 11 advanced third-stage larvae of the worm 
encysted in the flesh of the abdominal wall, leg, back and anterior 
chest wall of the animals. 

Two tree shrews were fed with 30 fully developed 15 day old larvae each 
in cyclops.   On autopsy 83 days later, one was found negative for the 
infection and another had 1 encysted larvae measuring 1.0 mm x 0.8 mm 
in the flesh of its right hind leg. 

A monitor lizard (Varanus nebulosu:- was found negative on autopsy 
after being fed with a total of 62 fully developed larvae in cyclops. 

Snake-headed fish (2), catfish (4), and small fighting fish (4) were 
found to be experimentally susceptible to G. hispidum; advanced third- 
stage larvae could be found developing severaTdays in the stomach 
wall; in addition, one larva was found in the flesh of an infected 
fish.    Four frogs and 1  tree shrew were also found to be experimental 
hosts in which G. hispidum advanced third-stage larvae could develop 
after being fed with larvae in cyclops; survival  in the flesh of the 
leg, abdominal wall and back for some days was noted. 

965 

■■- ■■■—■   -- ■-^-^—" 



11111111  ■! ii i 1111111^1,1111, i     -    i     ,       i    « m^^mmmmmmm*mmmmmmm''''i'mmmmmmmmmmmai*mmmim*'i''i 

These findings show that snake-headed fish, catfish, small fighting 
fish, frog and tree shrew can act as the second intermediate host 
of the parasite. 

Further study to detennine second intermediate hosts of 6. hispidum 
is to be undertaken. 

(b)    Experimental study for determining paratenic hosts 
(secondary infection) by feeding vertebrates with G. hispidum advanc- 
ed third-stage larvae obtained from an infected fish and two infected 
wFite mice; the results were as follows: one young fish showed on 
autopsy 3 days after being fed with the 6 larvae obtained from the 
mouse 4 living larvae of which 1 was found in the body flesh and 3 
in the liver.   A few hours later these 4 larvae were fed to another 
young fish which was sacrificed 33 days later and showed on examina- 
tion 3 living larvae in its intestinal wall.   The third fish, 
sacrificed 41 days after being fed with 5 living advanced third-stage 
larvae 179 days old obtained from an infected white mouse, was found 
to be negative for the infection on autopsy. 

Two adult laboratory bred tree shrews (Tupaia glis) were fed with 9 
and 10 G. hispidum 24 day old advanced third-stage larvae obtained 
from a catfisn infected with fully developed larvae in cyclops. 
Autopsy 11 days after the experiment was negative for the infection. 

It is clear that the advance third-stage larvae when obtained from 
infected mice could infect snake-headed fish and later removed from 
the fish could be transmitted to a second fish.    On the other hand 
third-stage larvae from fish did not become well established when 
fed to a mouse or a tree shrew.    The problem is to be further studied. 
The study on the life cycle of G. doloresi. 

This is an experimental study for determining the second intermediate 
host by feeding vertebrates with G. doloresi fully developed larvae 
in cyclops of which the results are as follows: 
31  laboratory bred adult white mice (Mus musculus) which had been fed 
a total of 1407 G. doloresi fully developed larvae 10-12 days old in 
cyclops were autopsied 12-225 days after feeding 12 mice (39%) 
yielded 23 encysted 6. doloresi third-stage larvae from the muscula- 
ture.    When considered with the 6 laboratory infections obtained in 
mice previously (1969 Annual Report) a total of 18 (40%) of 45 white 
mice have been experimentally infected with a total of 34 larvae. 

One monitor lizard (Varanus nebulosus) was fed with 90 G. doloresi 
fully developed 10 day old larvae in cyclops.   On autopsy 32 days 
later it was negative for the infection. 

This study is continuing. 

SUMMARY;    1289 stomachs from stray dogs killed at the Bangkok and 
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Thonburi Municipality Rabies Control Unit were examined during April 
1969.   All were negative.    Thirty seven poisonous snakes obtained 
from the Thai National  Red Cross Snake Farm were also found to be nega- 
tive for gnathostome larvae.    Two (9.0%) of 22 fresh water snake-headed 
fish bought at Ayuthaya and Phetburi markets were found positive with 
1 and 2 encysted G.  spinigerum larvae.    Many fresh water fish, frogs, 
and toad tadpoles obtained from Bangkok and nearby areas were examined 
for the presence of natural infection with gnathostome larvae; only 1 
young snake-headed fish was found positive wtih 1 non-encapsulated 
G. spinigerum larva. 

On frequent examinations of 28 domestic cat stools (#97 to #124 
obtained for experimental  purposes during this period from Rajburi 
Province and nearby areas, 2 (7.2%) were found positive with G.  spini- 
gerum ova.    Of the 28 cats, 11 which died in captivity, showecT autop- 
sies only 1 immature adult male G. spinigerum in a small gastric tumor. 
Of 659 gnathostome adults recovered from pig stomachs at the Bangkok 
Slaughter House, 488 were identified as G.  doloresi and 171 as 
G. hispidum.    Forty pig stool samples coTlected at Rajburi Province were 
found negative for gnathostome ova. 

Experimental  infection with G. spinigerum larvae for determination of 
additional  second and paratenic hosts during this period showed for the . 
first time 3 top minnow fish and 4 toad tadpoles acting as second I 
intermediate host of the worm.   Fifteen fresh water crabs were found I 
negative after being fed with the advanced third-stage larvae obtained 
from white mice. 

The study on the life cycle of G. hispidum   has proved for the first 
time the development of advancel third-stage larvae in snake-headed 
fish, catfish, small fighting fish frogs and a tree shrew after being 
fed with many fully developed larvae in cyclops.    However, the ad- 
vanced third-stage larvae removed from infected fish could not be re- 
covered after being fed to 2 white mice and 2 tree shrews for detennining 
further infectivity of the larvae for mammals.    Two snake-headed fish 
were found to be infected with advanced third-stage larvae first removed 
from white mice and from the fish after being first infected with the 
larvae from a white mouse. 

Additional study on the life cycle of G. doloresi  in laboratory bred 
white mice fed with many fully developed larvae of the worm in cyclops 
showed 12 (39.0%) of 31  experimental mice positive with 23 (1.6%) encys- 
ted advanced third-stage larvae of the worm. 
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OBJECTIVE: This study was undertaken to determine whether or not direct 
infection of primates by Gnathostoma spinigerum larvae in cyclops is 
possible and whether or not infection of primates with G. hispidum 
advanced third-stage larvae can be established. 

DESCRIPTION; A preliminary attempt was made to determine the develop- 
ment of G. spinigerum fully developed larvae in cyclops to a splenecto- 
mized adlTlt gibbon (#l) provided by the SEATO Veterinary Medicine 
Department; to determine also the susceptibility of an adult monkey 
#17 (Macaca irus) with G.  his pi dim advanced third-stage larvae found 
in some cold blooded experimental food animals commonly consumed by 
people (catfish, frogs), living larvae freshly obtained from experimental 
catfish (10 larvae) and from frogs (14 larvae) were fed to the animal 
(Total 24 larvae).    Concurrent weekly examinations of blood samples 
drawn from the femoral vein were made to determine the changes in 
total and differential white blood cell counts and for liver function 
tests.    Intradermal tests with G. spinigerum advanced third-stage larvae 
unfractionated antigen in modified CocaTs solution (kindly prepared 
by Or. Savanat Taranvaniz, Acting Chief Department of Microbiology and 
Immunology, the Faculty of Tropical Medicine, Mahidol University) were 
done weekly to determine skin sensitivity.    One control gibbon and one 
control monkey were also provided for the same tests.    In addition, 
one adult monkey (#86) was fed with 22 G. hispidum advanced third- 
stage larvae removed from infected white mice to determine the suscep- 
tibility of the primate to larvae removed from a warm blooded animal, 
and to follow the course of migration of the worms after penetrating 
the stomach wall. 

*    Retroactive in previous Reports 
1 Worked for some months during the year before resignation for further 

education. 
2 Replacement for 1. 
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PROGRESS;    (1)    (S. spinigerum in primates.    Infections of primates 
(Macaca speciosa and MacaceTTrus) developed larvae obtained from cyclops 
(see Annual Progress Reports of 1967 and 1968).    During this reporting 
period an adult female splenectomized gibbon was fed 510 G. spinigerum 
infective larvae from 238 cyclops.    At autopsy, 118 days after exposure, 
16 (3.0%) living 6. spinigerum third-stage larvae were found in various 
organs.    Ten were encysted in the musculature of the legs, 2 in the 
muscles of the back, 1  in abdominal fat, 1  in the omentum and one each 
in the diaphragm and/the liver.   Three of these encysted larvae measur- 
ed from 5.2-6.8 mm in length by 0.4 to 0.6 mm in width.    The sizes 
of 11 cysts ranged from 1.3-2.0 irni x 1.7 mm.    The larvae were almost 
double the size third-stage larvae found in the second intermediate 
host, the fresh water snake-headed fish.    These results indicate that 
the gibbon is a comparatively good paratenic host for this parasite. 

During the course of the infection in this gibbon, the differential 
white blood count was determined weekly without a significant change 
being observed.    Weekly skin sensitivity tests using 1:50,000 and 
1:16,000 dilutions of £. spinigerum larval antigen in modified Coca's 
solution showed positive skin reactions from 50 days after infection 
until sacrifice of the animal.   The total   verum protein was unchanged, 
but the globulin increased from 3.9 mg% to 4.9 mg% after the first 
16 days of the infection and remained elevated until the experiment 
was terminated.    The liver function tests showed a change in the zinc t 
turbidity (1.9 units pre-infection to 6.0 units 37 days after the I 
experimental feeding) and remained elevated throughout the balance of ' 
the experiment. 

The experiment will be repeated.    (2)    G. hispidum in primates.    This 
experiment was designed to determine whether or not G. hispidum third- 
stage larvae from cold blood food animals of man (fish and frogs) 
would further infect primates.   Previously 2 adult monkeys (Macaca 
irus) were infected with G. hispidum larvae from experimentally in- 
fected white mice (see Annual Report, 1968).    During the present 
reporting period the latter findings were confirmed, when i larva was 
found in a muscle of a monkey fed 22 Gu hispidum larvae 13 days prior 
to autopsy. 

An adult Macaca irus was fed 24 6. hispidum third-stage larvae obtained 
from a catfish (10 larvae) and from" frogs (14 larvae).   On autopsy, 
92 days after the feeding, no worms were found.    Throughout the course 
of the experiment weekly tests were performed for differential white 
blood count, liver function and skin sensitivity using £. spinigerum 
failure of larvae from cold blooded animals to infect a primate 
warrants further investigation. 

SUMMARY; An adult splenectomized gibbon was fed infective larvae from 
cyclops and a 3.0% recovery of third-stage larvae from various sites 
was achieved.    The larvae were larger than those recovered from fish, 
suggesting that the gibbon may be a good paratenic host for the parasite. 
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The gibbon became skin test positive 50 days after exposure to the 
larvae, showed a rise in globulin level and an increased value in the 
zinc turbidity test. 

An attempt to infect a monkey with G. spinigerum obtained from cold 
blooded animals was unsuccessful.   Tt was confirmed that the same 
species recovered from white mice, however, will infect primates. 
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Encephalopathy and Fatty Degeneration 
of the Viscera in Thai Children 

Principal Investigators: Curtis H. Bourgeois, LTC, MC 
Dhira S. Comer, M.D. 
Robert B. Cotton, MAJ, MC 
Hilary Evans, MAJ, MC 
Richard A. Grossman, MAJ, MC 
Supha Harikul, M.D.1 

Dennis O. Johnsen, MAJ, VC 
Chaiyan Kampanart-sanyakorn, M.D.' 
Niyom Keschamras, M.D.^ 
Lloyd C. Olson, MAJ, MC 
Pratoom Potitong, M.D.4 

Rattana Rattanawongsa, M.D.^ 
Ronald C. Shank, Ph.D.6 

Thomas J. Smith, LTC, MC 
Prayot Tanticharoenyos, DVM 
William L. Wooding,MAJ, VC 

Assistant Investigators: Robert W. Dewey, SFC 
Damri Chawalitrujiwong 
Arporn Siriwangchai 
Suriyont Trapukdi 
Edward Williams, SFC 

OBJECTIVE:   A systematic study of the epidemiology, etiology, pathology 
and clinical features of Encephalopathy and Fatty Degeneration of the 
Viscera in Thai Children, (EFDV). 

DESCRIPTION:   From 1 January 1969 until 31 December 1969, epidemio- 
logic, clinical and pathologic data were collected on all patients 
admitted to the Udorn Provincial Hospital with diagnoses of 
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3. Director, Udorn Provincial Hospital, Udorn, Thailand 
4. Korat Hospital, Korat,Thailand 
5. Children's Hospital, Bangkok, Thailand 
6. Dept of Nutrition and Food Science, Massachusetts Institute of 

Technology, Cambridge, Massachusetts   02139 
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encephalopathy, encephalitis or convulsions. 

PROGRESS;   A total of 109 patients were included in the study. 

The diagnosis of "probable" EFDV was made if the following clinical 
features were present: 

1. Sudden onset of convulsion or coma; 
2. Serum glucose of less than 50 mg% (Folin-Wu) and/or cerebro- 

spinal fluid glucose less than 40 mg% and/or SGOT greater than 80 
sigma units; 

3. Absence of neutrophils and no more than 10 lymphocytes in the 
spinal fluid. 

A case was considered "definite" EFDV, if: 

1. The above clinical criteria were present and a liver biopsy 
showed characteristically small vacuole fatty metamorphosis j 

2. An autopsy revealed cerebral edema without cellular infiltration, 
and a characteristic pattern of fatty metamorphosis in the liver, kidney, 
and heart. 

Using the above criteria, 40 cases were diagnosed as "definite" EFDV 
(12 biopsies and 28 autopsies), and 27 were diagnosed as probable 
EFDV.   Except for hypoglyccmia sixteen additional patients met all 
criteria for a diagnosis of probable EFDV; all of these patients   had 
had IV glucose before the blood sugar determination. 

Epidemiologie aspects 

Of the 67 definite or probable cases, 38 were girls and 29 boys.   All 
but six patients were between 18 months and 6 years of age.   Forty-six 
(70%) of the patients died. 

All but four of the patients came from rural areas.   Since 10% of the 
population of Udorn province lives in the city of Udorn, and the rural 
population has much less ready access to the hospital than those in 
the city, the predominately rural distribution of this disease is empha- 
sized.   Two patients were siblings and immediate neighbors of a 
third child admitted two weeks earlier.   In two other instances two 
children were from me same village.   These were the only instances of 
clusters in the geographic origin of cases.   However, 33 of all 162 
siblings (20%) of patients, and 26 of the 58 between 18 months and six 
years of age, were ill within two weeks of their siblings' illness.   In 
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most instances this consisted of non-specific symptoms such as fever, 
URI's and/or headache. 

Clinical syndrome 

In nine of the 67 patients there was no history of symptoms prior to 
the onset of convulsions and coma.   In the other 58 such prodromal 
symptoms tended to be mild and in most were less than 24 hours in 
duration.   These included symptoms of URI, fever, headache, diarrhea, 
abdominal pain and vomiting. 

In most patients, then, the onset of symptoms indicating serious distur- 
bances of central nervous system function were unexpected and acute. 
Ench of the 67 patients was brought to the hospital because of convul- 
sions and coma.   One pacient died a few minutes after admission.   Of 
the other 66,  54% were febrile at the time of admission, 46% had ab- 
normal respiratory patterns (tachypnea, hyperpnea, Cheyne-Stokes, 
etc), and 23% showed hepatomegaly.   Only three patients were jaundiced, 
and three others had gross irregularities in cardiac rhythm.   All patients 
appeared we 11-nourished and in no patient was a skin rash present. 

All but one patient was semi-comatose or comatose on admission, and 
43 patients exhibited seizures.   Thirty-one of these were in status 
epilepticus.   Twtmty-three of the patients displayed intermittent de- 
cerebrate posturing.   Only one patient showed signs of meningeal irrita- 
tion. 

In all patients symptoms evolved acutely despite therapeutic attempts to 
correct hypoglycemia and electrolyte abnormalities and control cerebral 
edema.   Thus 2 5% of the 46 fatal cases died within twelve hours of the 
onset of CNS symptoms, and 61% within 24 hours.   No patient died later 
than three days after onset.   Conversely, survivors generally had 
improved markedly within 48 hours of hospitalization.   Only two patients 
still showed significant residual effects upon discharge, and both of 
these continued to improve thereafter.   The clinical syndrome presented 
by these patients was remarkably constant.   In most instances the 
diagnosis could be correctly made on the basis of history and physical 
examination, anc. in all cases where autopsy subsequently established 
a tissue diagnosis, the clinician had correctly diagnosed whether the 
patient had EFDV syndrome or not. 

A summary of laboratory data is shown in Table 1. 
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LABORATORY RESULTS 

A = Autopsy • ■ Proven 
B = Biopsy - Proven 
C = Clinically Diagnos ed 

TEST NO. RANGE MEDIAN  MEAN STD. DEV. COMMENTS 

Glucose 
A 23.. 12-90 30 32.8 18.7 
B 8 13-65 31.5 27.1 16.2 
C 27 0-214 26.9 39.3 37.5 

SCOT 
A 23 50-1900 112 - . 74%> 75 
B 9 78-1250 250 - - 100%> 75 
C 26 120-156 133.5 133.2 - 100%> 75 

SGPT 
A 23 16-875 69 - - 70%> 40 
B 9 30-1000 75 - - 78%> 40 
C 26 32-75 48.3 49.3 - 92%> 40 

Total Bilirubin 
A 21 0.0-9.2 0.5 - - 19%> 2.0 
B 9 0.0-3.6 0.8 - - 22%> 2.0 
C 25 0.0-8.9 0.3 - - 16%> 2.0 

Prothrombin Time 
A 7 24-40 33 32.0 - 86%> 25 
B 10 17-83 20.5 28.8 - 20%> 25 
C 11 15-35 22 21.9 - 18%> 25 

CO, Content 
1   A 18 7.4-20.9 16.9 15.6 _ 83%< 19 

B 12 10.8-26.5 13.8 15.9 _ 75%< 19 
C 24 8.9-26.0 18.0 16.2 - 75%< 19 

Chloride 
A 26 80.5-122 101.5 100.7 - 38%< 98 
B 12 91.5-108 101.5 101.0 _ m< 98 
C 26 75-105.8 96.1 97.6 - 50%< 98 
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TEST NO RANGE MEDIAN      MEAN STD.DEV. COMMENT 

Potassium 
A 24 4.1-7.4 5.8 5.8 _ 58% > 5.6 
B 10 3.2-7.4 4.7 4.8 - 10%> 5.6 
C 26 3.2-7.5 4.8 4.9 - 12%> 5.6 

Sodium 
A 24 116-158 131.5 132.8 - 50%< 132 
B 10 120-160 137.0 138.9 - 20% < 132 
C 26 120-156 132.5 133.3 - 42%< 132 

Hematocrit (%) 
A 20 28-44 36 35.6 _ ?0%< 32 
B 12 19-43 36 34.2 - 17%< 32 
C 23 26-42 34 34.8 - 22%< 32 

PTT 
A 7 57-166 78 89.9 - 3/7 > 80 
B 10 40-106 59 61.3 - I/IO 80 
C 11 44-489 72 115.7 - 4/ll> 80 

WBC 
A 19 900-23,100 12,,-M) 12,100 - 53% > 11,000 
B 12 4,000-33.300 13,00. 15,600 - 58% > 11,000 
C 23 5,200-48,500 15,100 16,300 - 70% > 11,000 

Polys   (%J 
A 16 13-87 69.5 - - 
B 12 27-92 69 - - 
C 23 37-90 73 - - 

Lymphs   (%) 
A 16 15-87 28.5 - - 
B 12 7-64 28.5 - - 
C 23 10-61 27 - - 

Total  Protein 
A 13 5.7-7.5 6.3 6.6 _ 
B 5 6.1-7.5 6.4 6.6 - 
C 15 6.0-7.7 6.8 6.8 » 
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Pathology 

A detailed report of the pathologic findings is now in preparation. 
The availability of more case material and fresh biopsy specimens 
have provided the following new observations: 

1. There is ten to fifteen per cent enlargement of hepatocytes and 
hepatocyte nuclei; 

2. Markedly enlarged irregular hepatocyte nucleoli are present 
in most cases; 

3. Diffuse lymphocytolysis is a constant finding; 
4. Neuronal degeneration is commonly found. 

Lipid analyses 

Specimens of liver and kidney were homogenized in a Waring blender, 
lyophilized, weighed and extracted three times with chloroform:methanol 
according to the method of Folch.   The tissue was relyophilized, re- 
weighed and the extractable lipid expressed as milligrams per gram of 
lyophilized tissue.   The chloroform: methanol extracts were evaporated 
to dryness and then brought up to a volume of twenty-five cc. in 
chloroform.   For Chromatographie studies, and aliquot was adjusted 
with chloroform so that ten cc. of sample represented one gram of 
lyophilized tissue, thin layer chromatography was performed using 
commercially available sheeti; (Eastman Chromagram System) according 
to the manufacturer's instructions.   Identification of the various lipid 
fractions was accomplished by using known standards, published Rf 
values and spot tests. 

Chemical analyses for total lipid, cholesteroUtriglycerides, free fatty 
acids and phospholipids were performed on each extract.   Two samples 
were taken from each tissue specimen and 2 replicate analyses were 
performed on each extract. 

Lipid analyses 'vere performed on liver and kidney specimens from 7 
"controls" (patients dying with disease other than EFDV) and on 17 
patients dying with EFDV.   The average weight of lipid extractable from 
one gram of lyophilized liver and kidney tissue from "control" paMents 
were 232 mg. and 199 mg. respectively; for patients with EFDV, the 
values were 558 and 349 respectively.   Chromatographie analyses of 
the lipid revealed a marked increase in triglycerides, diglycerides and 
free fatty acids in the liver, with only triglycerides being increased in 
the kidney.   Chemical analyses of the hepatic lipids revealed: 
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Result ■Control" Patient 
(Per. Gm. lyophilized tissue) 

Free Fatty Acids 0.138 0.276 
(mEq.) 

Phospholipid 52.0 39.0 
(mg.) 

Triglycerides 10.7 109.5 
(mg.) 

Cholesterol 11.5 9.0 
(mg.) 

Total Lipid 212 550 
(mg.) 

Results of the renal lipid analyses are not yet completed 

Viral studies 

Specimens of brain, liver, heart, kidney, and lung were collected under 
aseptic conditions and stored at -60oC in individual, sterile, plastic 
bags. 

After thawing rapidly, a 20% suspension was made by grinding with ster- 
ile sand in Hanks balanced salt solution; the suspension was then 
clarified by centrifugation, and inoculated into suckling mice and pri- 
mary monolayer cultures of rhesus monkey kidney, Hela and WI-38 
cells.   Some specimens were also inoculated into primary human em- 
bryonic kidney cells.   Thereafter all systems were observed for evidence 
of -/irus, i.e. , illness in suckling mice, cytopathic effects, hernad- 
sorption, or challenge virus resistance (using echo virus type 11 in 
monkey and human kidney cells.) 

Serological tests were limited to hemagglutination-inhibition against 
arbovirus group A and B antigens.   Paired sera (on admission and at 
least two weeks later) collected from survivors with documented disease 
were extracted with acetone and tested against dengue types 1-4, 
Japanese B encephalitis, and Chikungunya virus. 

A total of 89 specimens from 26 autopsies were cultured for virus.    These 
included tissues from 26 brain specimens, 20 lungs, 11 livers, 
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10 kidneys, 8 spleens, 7 hearts, 5 nodes, one thymus and one acute 
serum.   All specimens were negative for a transmissible agent.   A 
total of eleven paired sera obtained during the acute illness and at 
least two weeks later were tested for hemagglutination-inhibiting anti- 
bodies to dengue types 1-4, Japanese B encephalitis and Chikungunya 
viruses.   None showed evidence of recent infection with these agents. 

Acute toxicity of aflatoxin B^ in the monkey 

Further analyses of the mycotoxin obtained from the left over food 
samples revealed the toxin to Aflatoxin B^ (see 1969 Annual Report). 
This was confirmed by ultraviolet, infrared, mass spectroscopic and 
nuclear magnetic resonance analyses (courtesy of Dr. George Buchi, 
Mass. Inst.). 

In order to establish the LE) of this toxin in monkeys, and to ob- 
serve the biochemical and pathologic responses to acute toxicity, 
the following experiment was carried out. 

Five groups of four female macaques were given a oral single dose of 
0.5, 1,5, 4,5, 13. 5 or 40. 5 mgAg. of chromatographically pure, 
crystalline aflatoxin B^.   The toxin was prepared from the Aspergillus 
flavus grown from the B. Kota food sample.   A control group of 5 
animals received no toxin.   All animals receiving 40. 5 and 13. 5 mg/kg 
and one animal receiving 4.5 mg/kg. died. 

All 9 of the animals that died became drowsy 2-3 days after toxin 
administrcition; some experienced vomiting and/or convulsion; all these 
animals showed grossly fatty livers and kidneys with little other macro- 
scopic changes.   Hepatic cell necrosis was pronounced in the animals 
receiving the higher doses.   Fatty degeneration of the hepatocytes, 
renal tubular epithelium and myocardium were constant findings.    Similar, 
but less severe, changes were seen in tissues from the surviving 
monkeys (sacrificed at the end of 7 days). 

The LD5Q for aflatoxin B, in the monkey was calculated for the test 
period of 6 days according to the method of Litchfield and Wilcoxon. 
The LD5(  is 7.8 mgAg body wt. with 9 5% confidence limits of 3. 5 - 
17.6 mg/l:g body wt.; the slope function of the LD5Q plot is 2.25. 

Serum chemical analyses revealed that by day 3 after Ingestion of toxin 
all the gross changes in test values had occurred in those that either 
went on to die or recovered.   By day 1 some of the animals that later 
showed disease had early changes. 
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The following tests showed no evidence of significant alterations 
(compared to controls or their respective dose groups) over these 3 
days: 

Cholesterol 
Total Protein 
Electrolytes (NU, K, Ci) 
Gamma Globulin 
A/G Ratio 

The following tests showed changes at higher dose levels but were 
difficult to analyze because of the wide variability of values for con- 
trol and test animals and the absence of day 0 values: 

Total Lipids (depressed) 
Triglycerides (increased) 
SGOT, SGPT (increased) 
Alpha 2 and Beta Globulin (depressed) 

Serum glucose and nonesterified fatty acids were the most interesting 
tests.   Both showed changes (glucose decreasing, NEFA rising) that 
appear to be dose-related.   But, whereas NEFA increases (as well as 
phospholipid decreases) were noted on day i, values for several 
animals in the 3 high dose groups the glucose levels were still stable 
(see Table 1): 

Table I.   Mean values on days 1 and 3 for serum glucose, NEFA and 
phospholipid determinations. 

Dose Mg/Kg BW Glucose (Mg%) NEFA (Mg/L) Phospholipid (Mg 

(4 monkeys/group) 
Day 1 Day 3 Day 1 Day 3 Day 1 Day 3 

Controls 93.0 67.0 .602 .910 161.2 158.1 

0.5 97.2 76.0 .657 1.090 183.8 198.2 
1.5 72.5 64.8 .530 .825 190.0 181.9 
4.5 64.8 50.0 1.080 1.665 140.6 146.9 

13.5 83.5 35.0 .810 2.268 103.1 121.9 
40.5 87.8 15.5 .740 2.535 100.8 126.2 
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The fairly large variation between days for these glucose and NEFA 
levels makes this observation harder to substantiate.    But analysis of 
the paired glucose-NEFA values by animal revealed a nonsignificant 
correlation coefficient (r = -.2 57) for day 1 but a highly significant 
value (r = -.906) for day 3 values.   This substantiates the definite 
changes on day 3, whereas any day 1 changes were not yet concurrently 
present.   A closer look at the paired values on day 3 reveals 2 popula- 
tions of results, both fairly normal or both very abnormal, with no 
intermediate values seen.   Thus, even though a graded dose-response 
relationship is present for each test, values of both tests hardly over- 
lap.    This is also true for the survivors versus dead groups regardless 
of dose (Table II). 

Table II.   Comparison of Day 3 NEFA and GLUCOSE values in 
survivors and those that later died. 

Test 
Died 

n=9 
Survived 

n=ll 

NEFA 

GLUCOSE 
RANGE 

1.40-3.19 

8.5-60 

0.62-1.57 

60-91 

NEFA 

GLUCOSE 
MEAN 

2.458 

23.60 

1.037 

68.64 

Day 3 values were further analyzed by log dose-response regression 
procedures.   The NEFA values were uncorrected; for the glucose values 
the variable used was day 3 value as a proportion of day 1 value to 
try to stabilize the sizeable mean differences within each dose group. 
Both curves had highly significant slopes,  .903 for NEFA and -0.332 
for glucose, but a good linear fit was found only for the NEFA values. 
Phospholipids may likewise be changing early (Table I) but further 
analysis is not possible due to missing values thereafter. 

The significance of these findings lies not only in being able to docu- 
ment the biochemical changes leading to the observed histologic 
damage but also in demonstrating graded responses by dose and early, 
though definitely abnormal, changos.   The possibility of diagnosing 
less severe and non-fatal disease (? pathogenesis dose-dependent) 
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opens up many optimistic areas for investigation. 

Aflatoxin assay 

Quantitative chemical analysis for aflatoxins were performed on 
freshly frozen autopsy tissues, using a slightly modified version of 
the method of Eppley.   Confirmation of identity was made by the 
chemical derivatives method of Andrellous and Reid.   Results of 
analyses of tissue specimen are given below.   Analyses were also 
performed on 7 non EFDV patients. 

AFLATOXIN ANALYSES 
Non EFDV Patients 

Diagnosis Age  Sex   Brain   Liver  Kidney  Stool   Stomach  Intestinal 
Contents   Contents 

2 2 
Auto Accident 17 M T - T 
Auto Accident 20 M ND - ND 
Diphtheria 11/2 F T ND - 

Diphtheria 1 F 3 3 - 

Pneumonia 2 M 3 3 T 
Miliary T.B. 4 M - T ND 
Nasopharyngeal 2 M - T 2 

abscess 

AFLATOXIN ANALYSES 
EFDV Patient s 

ND 

Case Number    Age  Sex   Brain   Liver  Kidney  Stod   Stomach   Intestinal 
Contents   Contents 

UA-5 (009) 1 1/2 F T T - - T 
UA-9 (013) 3 M - T - T T 
UA-18 (028) 2 F - T T T ND 
UA-20 (032) 4 F T - T ND T 
UA-24 (035) 6 F 3 3 3 123/15 T 
UA-25 (038) 2 M 2 3 - ND T 
UA-26 (039) 12 M ND ND - ND ND 
UA-27  (040) 4 F 2 2 4 ND T 
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The fairly large variation between days for these glucose and NEFA 
levels makes this observation harder to substantiate.   But analysis of 
the paired glucose-NEFA values by animal revealed a nonsignificant 
correlation coefficient (r = -.2 57) for day 1 but a highly significant 
value (r = -.906) for day 3 values.   This substantiates the definite 
changes on day 3, whereas any day 1 changes were not yet concurrently 
present.   A closer look at the paired values on day 3 reveals 2 popula- 
tions of results, both fairly normal or both very abnormal, with no 
intermediate values seen.   Thus, even though a graded dose-response 
relationship is present for each test, values of both tests hardly over- 
lap.   This is also true for the survivors versus dead groups regardless 
cf dose (Table II). 

Table II.   Comparison of Day 3 NEFA and GLUCOSE values in 
survivors and those that later died. 

Test 
i         Died 

n=9 
Survived 

n=ll 

NEFA 

GLUCOSE 
RANGE 

1.40-3.19 

8.5-60 

0.62-1.57 

60-91 

NEFA 

GLUCOSE 
MEAN 

2.458 

23.60 

1.037 

68.64 

Day 3 values were further analyzed by log dose-response regression 
procedures.   The NEFA values were uncorrected; for the glucose values 
the variable used was day 3 value as a proportion of day 1 value to 
try to stabilize the sizeable mean differences within each dose group. 
Both curves had highly significant slopes,  .903 for NEFA and -0.332 
for glucose, but a good linear fit was found only for the NEFA values. 
Phospholipids may likewise be changing early (Table I) but further 
analysis is not possible due to missing values thereafter. 

The significance of these findings lies not only in being ebie to docu- 
ment the biochemical changes leading to the observed histologic 
damage but also in demonotrating graded responses by dose and early, 
though definitely abnormal, changes.   The possibility of diagnosing 
less severe and non-fatal disease (? pathogenesis dose-dependent) 
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opens up many optimistic areas for investigation. 

Aflatoxin assay 

Quantitative chemical analysis for aflatoxins were performed on 
freshly frozen autopsy tissues, using a slightly modified version of 
the method of Eppley.   Confirmation of identity was made by the 
chemical derivatives method of Andrellous and Reid.   Results of 
analyses of tissue specimen are given below.   Analyses were also 
performed on 7 non EFDV patients. 

AFLATOXIN ANALYSES 
Non EFDV Patients 

DiagnosiG Age   Sex   Brain   Liver  Kidney   Stool   Stomach  Intestinal 
Contents  Contents 

2 2 
Auto Accident 17 M T T 
Auto Accident 20 M ND ND 
Diphtheria 11/2 F T ND 
Diphtheria I F 3 3 
Pneumonia 2 M 3 3            T 
Miliary T.B. 4 M - T          ND 
Nasopharyngeal 2 M - T            2 

abscess 

AFLATOXIN ANALYSES 
EFDV Patients 

ND 

Case Number   Age   Sex   Brain  Liver  Kidney  Stocl   Stomach  Intestinal 
Contents   Contents 

UA-5 (009) 1 1/2 F T T - - T 
UA-9 (013) 3 M - T - T T 
UA-18 (028) 2 F - T T T ND 
UA-20 (032) 4 F T - T ND T 
UA-24 (035) 6 F 3 3 3 123/15 T 
UA-25 (038) 2 M 2 3 - ND T 
UA-26 (039) 12 M ND ND - ND ND 
UA-27 (040) 4 F 2 2 4 ND T 
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Case Number Age   Sex   Brain  Liver  Kidney  Stool   Stomach Intestinal 
Contents   Contents 

UA-28 (041) 7        M      3         3            - 108/19 T 
UA-29 (042) 3        F        3         3          ND ND 5/2 
UA-31 (045) 2M--4 
UA-32 (049) 12         M      ND       3            - - 127/15         81/10 
UA-34 (053) 10         F        2          2          1/T - 
UA-35 (056) 6         F        2/T      2            - ND 116/19 
UA-36 (057) 5         F        ND     ND        ND 13/4 ND 
UA-38 (061) 10         F        ND      T          ND ND ND 
UA-39 (074) 13        M      ND     47/6      3 T 11 
UA-41 (082) 2M---ND2 
UA-44 (101) 3        M      3         2            7 ND ND              ND 
UA-46 (103) 2FTTT 
UA-47 (105) 18/12     F        -         -            - ND ND               T 

SUMMARY:  Between 1 January and 31 December   109 cases of possible | 
encephalopathy and fatty degeneration of the viscera (EFDV) were 
studied at the Udorn Provincial Hospital.   A diagnosis of either 
"definite" or "probable" EFDV was made in 67 cases.   Clinical, labora- 
tory and pathologic data was collected and analyzed.   Viral studies 
on 89 specimens from 26 cases showed no evidence of viral infection. 
Tissue lipid analyses revealed the increased hepatic lipids to be 
predominately triglycerides and free fatty acids.   Aflatoxin assays on 
autopsy specimens were positive in over 90% of cases.   The LD™ for 
aflatoxin 82 in the macaques was established as 7.8 mgAg body wt. 
Animals receiving a lethal dose of the toxin developed clinical and 
pathologic findings a.tmilar to patients with EFDV. 

988 

, .   , , - .  .....-■.-,■.-.■.■.>,■.■.■ —, 



"I,! I" " 

Ammonia Metabolism:   Reye's Syndrome as a Model for 
Elevated Ammonia 

Principal Investigator: Allen M. Glasgow, CPT , MC 

Associate Investigators: Robert B. Cotton, MAJ# MC 
Kamnual Dhiensiri, M.D. 

OBTECTIVES; 

1. Determine if ammonia is elevated in Reye's syndrome in Thailand; 
2. Develop ion exchange resins as treatment for elevated ammonia; 
3. See if treatment of elevated ammonia will increase survival in 

Reye's syndrome. 

BACKGROUND:    Elevated ammonia has been reported to be associated with 
encephalopathy in several disease states.   Ammonia has been reported 
elevated in Reye's syndrome in the United States. 

Blood ammonia will be measured in patients with encephalopathy and fatty 
degeneration of the viscera (EFDV) in order to determine:   (1)   if it could 
have etiologic significance in the encephalopathy;   (2)   if EFDV is similiar 
to Reye's syndrome in this respect.   Blood ammonia will also be measured 
in patients with Japanese B encephalitis to see if blood ammonia can be 
used to differentiate the two conditions. 

It is anticipated that if the encephalopathy of EFDV is related to elevated 
ammonia that this would prove a useful model for study of treatments of 
elevated ammonia.   EFDV would be a good model for the following reasons: 
(1) lack of other medical problems as in chronic hepatic failure; 
(2) probable reversible   nature of lesion (vs acute fulminant hepatitis); 
(3) well defined end point (death);   (4)   large number of cases available over 
relatively short period. 

Another phase of this study will look at the possibility of using an ionic 
exchange resin in the treatment of elevated ammonia.   Ionic exchange 
resins have been shown to lower blood ammonia in laboratory animals. 
Decreasing stool pH has also been shown to lower blood ammonia.   It is 
hoped to combine these effects by using an acidic ionic exchange resin 
enema that would work according to the following equation. 

BLOOD > BOWEL 

NHj ♦-> H+ + NH3   « J—-> NH3+H+ «-■> NH^ + RESIN -f--» RESIN NH^ 
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It is hoped that this might prove to be a simple, effective therapy for 
conditions characterized by elevated ammonia. 

PROGRESS;    (l)   Ammonia Assay.    The ammonia assay, although a 
modification of a previously reported principle^ ', is reported here is 
some detail because it offers certain advantages in the volume of 
blood required, speed and ease of analysis and accuracy of results: 

Blood is drawn and immediately transfered to tubes (containing 50 u 
dried heparin) on Ice and mixed.   Blood, 3.0 ml is added to 3 .0 M ice 
cold perchloric acid, mixed and centrifuged in the cold.   To 3.0 ml 
ice supernatant is added 1.5ml    3.0 M KOH need not be exactly 
3.0 M but should be adjusted so that neutralized extract is neutral to 
slightly acidic.)   0.01 ml 0.2% methyl red is added and the solution 
titrated to an orange or "just" yellow color with the above solutions of 
perchloric acid and KOH (with practice it is possible to easily perform 
this titration).    This involves a small dilution but it perchloric acid 
and KOH are properly prepared this is less than 1%).    The neutralized 
solution is centrifuged in the cold and the supernatant removed and 
allowed to come to room temperature.   To cuvettes add 2.0 ml 
supernatant, 1.0 ml PO4 buffer-NADH (prepared immediately before 
use by disolving NADH in 0.5 M   PO4 buffer pH=7.5 and adjusting to 
read   .600 to   .700 at 340 mu in spectrophotometer) and 0.1 ml 
0.25 M« Ketoglutarate.   Mix and read initial   OD34Q.   Add .05 ml 
glutamate dehydrogenase, mix, and let stand 30'   at room temperature, 
read final OD34Q. 

NH4 in um/ml = GDg -      ODg x .76 
OD = Initial-final  OD340 

S = Sample 
B = Water Blank 

Figure 1.   Shows A Representative Standard Curve. 

Other experiments showed reproducibility is good (duplicates within 
5-10%) and that recovery from blood of added ammonia is completed. 
The neutralized extract is stable up to 2 weeks following addition of 
0.5 ml   0.5 M   PO4 buffer pH=7.5 to 2.0 ml extract and freezing and 
storing at -60oC. 

Total time until extract is stable is about 30 min. total time for assay 
about 90-120 min.   10-15 samples can be run by one operator simul- 
taneously . 

2.   Removal of NH4 by ion exchange resin.   Kayexalate is used as the 
resin.   It is converted from its Na form to a Na - K   form by repeated 
washing with a solution containing 3,777 mg Na    (as NaCl) and 200 mg 
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K (as KC1)/100 ml and then repeated distilled H2O washing.    (Washing 
is most easily performed using suction on a large funnel).   The 
completeness of equilibration is then tested by mixing a quantity of 
resin with a solution containing 377 mg   Na+ and 20 mg K /lOO ml 
( i.e. approximate plasma concentration) and measuring the change in 
the concentration of Na   and K  . 

The resin thus prepared will remove NH4 in vitro but the removal is 
dependent on salt concentration (Table 1) as well as the amount of resin 
(Table 2). 

Two attempts have been made to lower blood ammonia in monkeys using 
the resin by stomach tube and enema.   These attempts were unsuccessful. 
However, several technical difficulties were encountered including low 
control blord pH (probably secondary to anesthesia), only mildly 
elevated o.mmonia, and poor distribution of resin (resin remained in stomach 
and rectum).    Further attempts will be made to overcome these difficulties. 

3.   Blood ammonia in EFDV in Thailand.     Measurement of levels of blood 
ammonia in patients with EFDV will be done in the near future. 

Table 1 . 68 mg resin added to 10 ml above solutions 
containing .001 mg N/ml as NH4CI 

Na K + 
mg/100 ml mg/100 ml %NH4   REMOVED 

377 20 24 
188 10 36 

94 5 39 
37.7 2 57 
0 0 100 

Table 2.   Resin added to 10 ml solution containing 377 mg 
Na. 20 mg K/lOO ml and .001 mg N/ml as 
NH4CI 

RESIN % NH4   REMOVED 

34 
68 

136 
272 

4.4 
17.1 
28.2 
42.7 
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Pathology of Diseases Common in Thailand 

Principal Investigators: Curtis H. Bourgeois, LTC, MC 
Prachenchit Chandruang, M.D. 
Dhira S. Comer, M.D. 
Hilary Evans, MAJ, MC    2 

Niyom Keschamras, M.D. 
Azorides R. Morales, M.D.    . 
Visith Sitprija, M.D., Ph.D. 
Preecha Viclr.tbandha, M.D. 

Assistant Investigators: Damri Chawalitrujiwong 
Suriyonta Trapukdi 

1 .   Pathology of the Cardiac Conduction Disturbances in Diphtheric 
Myocarditis. 

OBJECTIVE;    A clinical-pathologic analysis of 2 cases of diphtheric 
myocarditis. 

DESCRIPTION:   The pathologic changes in the hearts of two patients with 
fatal diphtheritic myocarditis were studied, particular attention being 
focused on the involvement of the conduction system, correlated with 
cardiac conduction disturbances.   Except for the absence of fat in sinus 
and atrioventricular node fibers, the changes seen in the specialized tissue 
of the heart were similar to those affecting the working musculature. 

It is suggested that the extensive accumulation of fat in myocardial fibers, 
including bundle of His and bundle branches, may pJay a significant role 
in the genesis of the transitory conduction disturbances so commonly 
associated with the disease. 

PROGRESS:     The project has been completed.   A manuscript has been 
accepted by the Archives of Pathology. 

1 & 5   Departments of Pediatrics and Pathology, Siriraj Hospital, 
Mahidol University, Bangkok, Thailand 

2 Director, Udorn Provincial Hospital, Udorn, Thailand 
3 Dept. of Pathology, Henry Ford Hospital, Detroit, Michigan   48202 
4 Dept. of Medicine , Chulalongkorn Hospital, Bangkok, Thailand 
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II. The Liver in Opisthorchis viverrini Infection. 

OBJECTIVE;   To describe the pathologic findings in the liver and biliary 
tract of patients infected with the fluke O. viverrini. 

DESCRIPTION; Livers and extrahepatic biliary tracts obtained at autopsy 
in Udorn Provincial Hospital were studied by postmortem cholangiography, 
dissection, and histologic examination. 

PROGRESS;   Specimens from ten patients were examined.   The project has 
been completed.   A manuscript is in preparation. 

III. Renal Lesions in Human Leptospirosis . 

OBJECTIVE;    To describe the histology and ultra structure of renal tissue 
obtained from patients with leptospirosis and to correlate morphologic 
findings with renal function. 

DESCRIPTION;    Percutaneous renal biopsy and renal function tests were 
carried out in patients with leptospirosis admitted to Chulalongkorn 
University Medical Center. 

PROGRESS;   Nine patients were studied.   The project has been completed. 

IV. Nephrotic Syndrome in Thailand. 

OBJECTIVE;     To describe the histology and ultra structure of kidney biopsy 
specimens from patients with the nephrotic syndrome and to correlate 
morphologic findings with clinical picture, renal function, and response 
to therapy. 

DESCRIPTION;    Percutaneous renal biopsies and renal function studies 
were carried out in patients   with nephrotic syndrome admitted   to the 
renal unit of Chulalongkorn University Medical Center. 

PROGRESS;    The project has been completed.   Twenty-seven patients were 
studied. 

This work was presented at the Third Annual Meeting, Far East Chapter, 
Association of Military Surgeons, Tachikawa, Japan, 4-7 November 1969. 

A manuscript is in preparation. 
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Nutritional and Health Requirements for Development 
and Maintenance of Conventional Animal Colonies 

Principal Investigators: Dennis O, Johnsen, MAJ, VC 
Robert L. Hickman, MAJ, VC 
William L. Wooding, MAJ, VC 
James D. Pulliam, MAJ, VC 
Paul C. Smith, MAJ, VC 
Prayot Tanticharoenyos, D.V.M. 
Verachart Chaicumpa, D.V.M. 

Assistant Investigators: Kwanyuen Lawhaswasdi, D.V.M. 
James P. Slowey, SFC, E-7 
JohnC. Bell, SFC, E-7 
Curtis A. Stewart, SP6, E-6 
Ronald E. Marshall, SP5, E-5 

OBJECTIVE:    The objective of this study Is to characterize and improve 
the quality of conventionally produced and maintained laboratory animals 
in Thailand and to investigate those problems that may be of significance 
to medical research. 

DESCRIPTION;   Monthly disease surveillance programs have been 
instituted in all the rodent production colonies to determine the incidence 
and extent of parasitic infestations, latent virus infections, bacterial 
infections, and presence of other pathological conditions which might 
affect the outcome of investigations utilizing these animals as biological 
models.   The information obtained from this disease screening program 
is used to continually evaluate the quality of animals bred in the 
laboratory and to assure their uniformity.   Locally purchased animals, 
such as primates, are also subjected to a variety of diagnostic exami- 
nations during their extensive quarantine  period and at intervals during 
their stay in the laboratory.   Every animal that dies spontaneously or 
shows signs of non-experimentally induced disease, is thoroughly 
necropsied and the cause of illness is determined if possible.   The 
resulting body of information is analyzed to determine what problems 
exist in the colony and what improvements should be made in the 
standards of husbandry, management, and medical care to bring about 
their solution. 

PROGRESS:    Information concerning the deaths and significant 
illnesses of all those animals in the colony except rodents and poultry 
are present in Table 1.  With the death of 24 gibbons during the report 
period, mortality in this species was especially high.   The most 
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important cause of death in the gibbons were respiratory tract infections. 
Following an experiment in which a small number of gibbons were 
inoculated with two strains of influenza virus, an epizootic began 
which resulted in significant Illness in at least 30% of all the animals 
in the gibbon colony and the deaths of four animals.  A manuscript 
describing this epizootic, which is one of the new instances where 
human influenza virus has caused a spontaneous clinical Infection 
in animals, has been submitted for clearance and subsequent publi- 
cation.   Three months following this outbreak there was another 
outbreak of respiratory disease which claimed the lives of another 
four animals.  Although attempts were made to determine the etiologic 
agent involved, serologic studies and attempts at virus Isolation were 
unsuccessful.   Both the clinical course of the second epizootic and 
the pathological lesions in the dead animals resembled the first out- 
break caused by Influenza virus .   Another problem in the gibbon, 
which also manifests itself frequently in the lungs, is the continuing 
infections caused by migrating Stronavloides larvae.   Routine stool 
examinations show that this parasite is widespread through the 
colony and additional pathological evidence confirms its Importance 
as reported in last year's annual report.   Preventive measures being 
taken to reduce Infections consist of steam cleaning cages at least 
once a week if possible and worming the entire colony at the time 
blood samples are collected each quarter.   It is too early at this 
time to assess the effectiveness of these measures.   No deaths 
occurred during the year from malignant lymphoma in contrast to the 
four deaths reported last year.   In screening  blood samples taken 
from each of the gibbons every quarter no further developing cases 
of lymphoma have been discovered.   Two deaths in gibbons were of 
special intarest.   One occurred in a gibbon that had been splenec- 
tomized and used In studies with malaria.   It suddenly developed signs 
of an acute hemolytic crisis and died within 8 hours.   Necropsy 
lesions and examination of stained blood smears showed that malaria 
parasites of a type found only in gibbons were responsible for its 
death.   The other case involved a gibbon that had been given water 
seeded with Pseudomonas pseudomallel as part of a study concerning 
the infectlvity of thjs organism.   Following an illness of several days 
accompanied by a high fever, the animal died.  At necropsy the lungs 
were discolored and contained many small abscesses which resembled 
the lesions of melioldosis described in humans.   Nevertheless, 
Chromobacterlum lanthlnum was isolated from these lesions.   The 
finding of this bacteria in gibbons supports findings reported by 
Groves, et.al. in Kaula Lumpur in which similar deaths were caused 
in several gibbons by the same organism.   Macaques, in contrast 
to the gibbons, appear to be much hardier animals. Only one death 
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occurred In a rhesus monkey; the death apparently resulted from 
blockage of the urethra by calculi.   There continue to be many quaran- 
tined animals that are infected with Shigella or Plasmodium inul.   Both 
conditions respond favorably to treatment and have not caused problems 
later.   None of the primates in the colony reacted to the intrapalpebral 
inoculation of mammalian tuberculin during routine testing. 

Disease problems in the rodent breeding colonies were negligible. 
There has been no reappearance in newly established colonies of the 
Salmonella infections that necessitated the destruction of both the 
hamster and guinea pig colonies.   It Is likely that better security and 
sanitation procedures have reduced the likelihood of such infections 
being introduced into the colony.   The bacteriologlc findings obtained 
from the monthly disease screening program are summarized for the 
year in Table II.   The bacterial fauna of these animals is unremarkable. 
Of the 220 mice examined, eleven had gross lesions of the lungs or 
respiratory lesions identical with those described last year in the study 
on murine pneumonia.   There were no other gross lesions observed 
except in one animal with a fatty liver.  A small percentage of rats, 
approximately 5%, also have lesions resembling chronic murine 
pneumonia.   It is possible that the incidence of this disease will be 
further reduced as the Sprague Dawley rats are replaced with the 
Fischer strain which is less susceptible to this disease.   The rats 
were also Infected to a small degree with the tapeworm cyst, 
Cvsticercus fasciolarls,, which most likely results from contact 
with bedding contaminated by dogs or cats.   In hamsters there was 
an approximately equal incidence, less than 2%, of pulmonary and 
hepatic lesions whose cause was undetermined.   Pneumonic lesions 
were present in less than 2% of the animals necropsled and were the 
only lesions of significance found.   Rats and guinea pigs were free 
of endoparasites, but mice were found to be infected with pinworms, 
Aspicularls tetraptera and Syphacia obvelata» and the dwarf tapeworm, 
Hymenole pis nana. Unidentified helminth ova were found in the feces 
cf two of the hamsters examined.   The control of these endoparasites 
is virtually impossible without having even hot water in the areas 
where cages are washed.   The only ectoparasites found in the rodents 
were mild   louse infestations on rats and guinea pigs. 
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Gibbon Menstrual Cycle and Breeding Study 

Principal Investigators: Dennis 0. Johnsen, MAJ, VC 
Markpol Tingpalapong, D.V.M. 
Verachart Chaicumpa, D.V.M. 

Associate Investigarors: Robert L. Hickman, MAJ, VC 
Prayot Tanticharoenyos, D.V.M. 
William L. Wooding, MAJ, VC 

PURPOSE:   In this study the reproductive cycle of the female gibbon 
and semen of the male gibbon is characterized and related to other physi- 
cal    parameters of breeding performance with the ultimate goal of 
obtaining reproduction of the gibbon in a laboratory environment. 

DESCRIPTION;   During this report period continuing emphasis has been 
placed on determining the length and characteristics of the menstrual 
period, the physical characteristics of gibbon semen, and in the effect 
of combinations of hormones on inducing ovulation in the female.   Also 
during this report period male and female pairs of gibbons were reestab- 
lished    in eight large outdoor cages that were moved to Bangkok for the 
purpose of allowing natural mating. 

PROGRESS: Data characterizing the female menstrual cycle was obtained 
by vaginal swabs taken three times a week; in those females that 
exhibited some degree of regularity swabs were taken seven days a week. 
At the same time the transverse width of the everted vulva was measured 
to determine if changes that occurred, if any, were associated with 
menstrua] bleeding.    Data from the twenty-nine gibbons that were 
examined in this manner in shown in Table 1.   Of interest is the variabili- 

ty in the duration of the menstrual flow and the intervals between 
menstruation.   The variability in bleeding is probably largely artefactual 
since swabbing only three times a week does not yield accurate results. 
However, information obtained from swabs taken seven days a week 
indicates that bleeding ordinarily lasts from three to four days.   The 
variability in the length of the menstrual cycle is consistent with observa- 
tions made in the last annual report.   These intervals are graphically 
portrayed in figure 1 and show an average interval of approximately 18 
days, a period of time considerably less than what would be expected 
from informatioa collected on other primates.   When compared to various 
times of the year, there seems to be no relationship between the occur- 

rence of menstruation and the season.   Measurements made on the trans- 
verse diameter of the vulva show that in non-pregnant animals the degree 
of eversion can vary from none at all to three centimeters.   Eversion 
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seems to be most pronounced two to three days before bleeding; during 
bleeding everslon decreases.   However, the degree of variability in 
this finding is so great that it cannot be considered a reliable indicator 
for determining the stage of the menstrual cycle. 

Examination of gibbon semen was continued using the same techniques 
described in the last annual report.   The semen samples were collected 
from sedated gibbons by electroejaculation using 5 to 15 volts A.C.  50 
cycle current and a stimulus of 1 to 2 seconds applied at intervals of 2 
to 4 seconds.   The results of the semen examinations are presented in 
table 2 ?nd do not differ significantly from those reported last year.   In 
an effort to develop the capability for performing artificial insemination 
an experiment was designed to determine what type of semen expander 
was the most suitable for diluting aid preserving the small volumes of 
semen collected from the gibbons.   Four expanders, egg yolk and 
dextrose, egg yolk and saline, heated milk, and human seminal plasma, 
were used in the experiment.   The 0.2 to 0.3 ml. to collected semen 
was diluted with 1 ml. of the expander being examined and kept for vary- 
ing lengths of time in a 370C. waterbath.   At 30 minute intervals slides 
were prepared from the diluted specimens and examined for specific 
activity, motility, and viability.   The results shown infigure 2 show that 
the most suitable expander of those examined is the egg yolk-normal 
saline solution. 

A necessary prerequisite to successful artificial insemination is determin- 
ing when ovulation in the female occurs.    Because of the extreme irregulari- 
ty in the menstrual cycles of the females studied inthe colony the use of 
exogenous hormones to induce ovulation appeared to be a practical alter- 
native to using biological indicators.   As reported in the last annual report 
it is possible to regulate stages of the menstrual cycle in a gibbon by 
giving a course of treatment with progesterone or related compounds. 
However, as laparotomies and direct observation of the ovaries have 
shown, it is not possible to predict the time that ovulation would occur 
with this method.   A more complex method used to induce ovulation in 
macaque species was evaluated in four gibbons that had been cycling at 
regular intervals.   For five days each animal was given 5 mg. of proges- 
terone intramuscularly, then 1 mg. follicle stimulating hormone (Anteron, 
Schering) intramuscularly for the next four days, and finally 500 inter- 
national units of human chorionic gonadotrophin (Pregnyl NV. Organon) 
intramuscularly.   A laparotomy was performed on each gibbon in succes- 
sion at 10 hours, 14 hours, 18 hours and 22 hours following the last injec- 
tion; times chosen to bracket the ovulation time induced in macaques. 
The ovaries of these animals all showed multiple follicle development, 
and although the follicles were mature enough to rupture with even the 
most delicate manipulation, there was no evidence that any had ruptured 
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spontaneously. 

Eight pairs of gibbons have been mated for approximately six months in 
the large 20 foot by 20 foot cages moved to Bangkok from Prabuddhabat. 
The females at first were examined rectally for pregnancy at monthly 
intervals.   In addition, vaginal swabs were taken from the females for 
the menstrual cycle study and weekly semen samples were being 
collected from the males.    Because none of the animals became pregnant 
over a period of approximately five months,a decision was made to limit 
the handling of them to only once each quarter and largely eliminate the 
excitement and trauma that is unavoidable when these animals are 
restrained.   Since that time rectal exams have been performed each quar- 
ter in addition to the collection of blood samples for the leukemia screen- 
ing program, physical examination, and administration of anthelmintics 
and other necessary treatment.   There have been no pregnancies diagnosed. 

Growth and Development of the Gibbon 

Principal Investigators: Dennis O. Johnsen, MAJ, VC 
Prayot Tanticharoenyos, D.V.M. 
Dirck L. Brendbnger, MAJ, MC* 

Assistant Investigators: Markpol Tingpalapong, D.V.M. 
Jerm Pomsdhit 

PURPOSE: The production of gibbons from the gibbon breeding program has 
offered a unique opportunity to measure certain parameters of growth and 
development in animals where birthdates are known.   The purpose of this 
study is to relate distinctive developmental 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 in the following ways 
in young gibbons: 

a) Body weights are taken regularly on each of the gibbons in the 
study; 

b) The time of eruption and notable characteristics of wear on the 
teeth are observed and recorded quarterly; 

Assistant Chief, Diagnostic Section, Fitzsimons General Hospital, 
Denver, Colorado. 
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Figure 2.   Gibbon Semen Survivabiiity in various expanders 
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c) Skeletal development is evaluated radiographically at quarterly 
intervals following birth.   In measuring skeletal development, emphasis 
i"placed on the development of the hands, wrists, ankles,  and feet; 

d) The time that obvious signs of sexual development occur, such as 
descenslon of the testicles in the male and the onset of menstruation in 
the female,are observed and recorded. 

PROGRESS: Information that has been accumulated during the course of 
this study is presented in Tables land 2.   The following developments 
characterize the growth and development of the gibbon at the ages indi- 
cated: 

6 months.    The proximal radial epiphysis and styloid process of the 
ulna become visible radiographically.   Two juvenile incisors are present 
in both the upper and lower jaw. 

9 months.   Eight carpal bones are present and the distal epiphysis 
of the third metacarpal becomes equal in width to its diaphysis. 

12 months.   The proximal epiphysis of the proximal first phalanx and 
the first metacarpal appears.   The proximal epiphysis of the proximal 
third phalanx, proximal radial epiphysis, and distal radial epiphysis 
become equal in width to their diaphyses.   The upper central permanent 
incisors are present. 

15 months.   The radial styloid process appears and the distal ulnar 
epiphysis becomes equal in width to the ulnür diaphysis.   Several   changes 
in bone shape occur during this time that are distinctive.   The carpal 
bones become modeled and tend to conform more to the shape of the bones 
they articulate with as in the adult carpus.   The metacarpals as well 
become funnelized, or assume a more triangular shape.   The proximal 
epiphysis of the proximal third phalanx of the hand is in transition be- 
tween its earlier distal convex shape to a more flattened appearance. 

18 months.   The distal epiphysis of the third metacarpal of the hand 
becomes nearly square shaped instead of round.   The proximal radial 
epiphysis is "capping" and becoming wider than the diaphysis.   At least 
one patella ossifying from two centers, appears during this period. 

21 months.    The proximal epiphysis of the first metacarpal reaches a 
width equal to that of its diaphysis.   Changes in shape include the proxi- 
mal    epiphysis of the proximal third phalanx of the foot becoming concave 
in shape, and the distalradial epiphysis becoming "capped"; the distal 
radial epiphyseal plate begins to assume a sigmoid shape.   The second 
lower incisor has appeared by this time. 

24 months.    The distal epiphysis of the third metacarpal is square. 

Due to the influenza epizootic that passed through the gibbon colony in 
August that is described elsewhere in this report, two of the three infant 
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gibbons died.   It is hoped that further pregnancies in the breeding colony 
will result in the additional young gibbons that are necessary to complete 
this study.   As of the present time, the remaining female gibbon has shown 
no signs of sexual development. 

Table 1. Growth in Infant Gibbons 
(in grams) 

Age PC 1 PC 2 PC 3 

3 mos. 447 
6 mos. 838 1,150 
9 mos. 1,190 980 1,610 
12 mos. 1,210 1,200 2,050 
15 mos. 1,350 1,240 
18 mos. 1,800 1,560 
21 mos. 2,120 
24 mos. 2,400 
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Behavior and Ecology of Gibbons on Kled Kaeo Island 

Principal Investigator: Warren Y. Brockelman, CPT, MSC 

Associate Investigators: Dennis O. Johnsen, MAJ, VC 
Robert L. Hick man, MAJ, VC 
William L. Wooding, MAJ, VC 

Assistant Investigators: James P. Slowey, SEC, E-7 
Ronald E. Marshall, SP5, E-5 

OBJECTIVE:   The primary objective of placing gibbons on Koh Kled Kaeo was to 
establish a self sustaining colony under semi-natural conditions and to 
study those aspects of behavior related to reproduction in a free rang- 
ing environment. 

DESCRIPTION; Field observations are made periodically on the social 
behavior and ecology of the free ranging gibbons. Special attention is 
paid to factors that may influence reproductive activity among the animals. 

PROGRESS:   Twenty adolescent and adult gibbons were introduced onto 
the island in early 1967.   At the present time seven animals remain.   There 
are three heterosexual pairs and a single unpaired male.   Deaths from 
undetermined causes have been responsible for the deaths of six of the 
original animals, two simply disappeared, and five have been returned to 
the laboratory because of antisocial behaviour or medical reasons.   The 
heterosexual pairs are composed of female 6 and male 1, female 18 and 
male 11, and female 14 and male 19.   Male 5 is the single unpaired male. 

During the report period infants were born and the third female on the 
island was found to be in late gestation.   Following the death of female 8, 
the birth of whose infant was reported in the last annual report, her baby 
was cared for by her mate, male 19.   Wnen male 19 subsequently remated, 
his new mate, female 14, assumed the task of caring for the infant.   Al- 
though approximately two years passed before the birth of the first off- 
spring,the fact that all the pairs remaining are reproducing suggests that 
some degree of normalcy and stability has been achieved on the island. 
However, the practical problems associated with maintaining these animals 
are indicated by their high mortality rate and the difficulty we have 
experienced in detecting and treating their illnesses and determining the 
causes of their deaths.   The elusiveness of free ranging gibbons and the 
densely overgrown and rugged terrain on the island make it impossible to 
know the whereabouts of every animal each day and to capture all of them 
at will.   There are probably ecological factors affecting the gibbons in this 
pemi-natural environment that are not common to their normal habitat in 
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tall forests.   For example there is a much greater opportunity for increased 
endoparasite exposure because of their greater contact with the ground. 
The question of whether or  not a two to three year adaptive period is re- 
quired for a colony such as this one to become established is one that can 
be answered by how well the remaining animals are able to survive. 

Because of the departure of the principal investigator behavioral data for 
this report is not available.   Such observations are therefore limited.   The 
paired gibbons defend a general territory whose boundaries are fluid rather 
than fixed and which are frequently challenged by members of  other pairs 
or single animals.   It is not uncommon for several animals to follow 
persons from one end of the island to the other.   The presence of four new 
infants offers a unique opportunity to observe their behavioral and social 
development under circumstances that are much more favorable than feral 
gibbons in their normal arboreal habitat. 

Bovine Infertility Study 

Principal Investigators: Charles R. Egelston, MAJ, VC 
Dennis O. Johnsen, MAJ, VC 
William L. Wooding, MAJ, VC 
Robert L. Hickman, MAJ, VC 

Assistant Investigators: Ronald E. Marshall, SP5, E-5 
Soontorn Aowchumpa, D.V.M. 

PURPOSE: The development of foui regional breeding centers for beef cattle 
as part of the Thai counterinsurgency program has indicated that bovine 
infertility is a widespread and costly proolem in Thailand.   Although infer- 
tility can result from such different factors as nutritional deficiencies, 
poor husbandry practices, and adverse climatic effects, the role that 
infectious disease might be playing in infertility was a problem that could 
be more easily studied with availeble laboratory resources.   From disease 
surveys that have been made, it was apparent that both brucellosis and 
leptospirosis were widespread among the cattle population but their effect 
on the newly established herds and breeds in the regional breeding centers 
was unknown.   Because infertility in cattle is militarily important as a 
probable significant economic problem in Thailand, a comprehensive study 
was begun to determine the extent of the problem and the effect infectious 
disease might have on it. 

DESCRIPTION: The study was conducted at the western regional breeding 
center of the Thai Ministry of Defense's Mobile Development Unit near 
Saiyok in Kanchanaburi Province.   The area consists of approximately 
200 acres of newly developed irrigated pasture with excellent facilities 
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for handling and caring for the cattle that are kept there.   In addition to 
having a resident veterinarian and several trained technicians who assist 
him in inseminating cows and performing other veterinary activities, 
there is a hospital barn, and small laboratory and pharmacy where speci- 
mens may be collected, cultured, and preserved for future study.   Visits 
were made to the breeding center at monthly intervals by the principal 
investigators for the purpose of performing rectal examinations on each 
cow for pregnancy diagnosis, assessing the health of the reproductive 
tract, and determining if established pregnancies were progressing 
satisfactorily.   Cows that failed to conceive after three services, or which 
aborted, received a complete genital examination which included culturing 
for bacteria.   In addition, sera for both Brucella and Leptospirosis titer 
determinations were collected quarterly or at those times when they were 
indicated for diagnosis, such as following an abortion.   In support of 
these activities a detailed system of keeping records of the breeding 
history of cows and the diagnostic tests performed was instituted.   Efforts 
were made to facilitate the collection of diagnostic specimens at any 
time by stocking media and necessary instruments at the breeding center 
and writing and demonstrating to resident personnel those procedures to 
be followed when performing such a technique as a necropsy. 

PROGRESS:   The records accumulated In this study confirm the impression 
that breeding performance should be improved.   The information presented 
in Table 1 partially explains one reason for the observed infertility. Examina- 
tion of the teeth of the cows showed that many animals were present in 
the herd that were probably too young to be productive. Exclusive of this 
group there were only twenty two animals, or approximately 20%, that 
were infertile.   However, the conception rate, as calculated by determin- 
ing the number of pregnancies by the number of breeding as diagrammed In 
figure 2,  shows that there is a great amount of rebreeding occurring and 
that conception is well below 50% and probably averages approximately 30%. 
Initially the investigators have felt that this low rate of conception was 
due to the failure of responsible personnel to properly detect heat and 
inseminate correctly.   In a number of cases cows were bred several times 
following the time pregnancy diagnosis later showed that conception had 
taken place.   Accordingly, responsible personnel received a month of 
supervised intensive training in the application of breeding principles and 
artificial insemination techniques in late 1969.   However, in spite of this, 
no improvement occurred in the conception rate.   Such performance often 
characterizes herds that are affected by cattle infertility diseases.   In 
support of this possibility is the data presented in Table 3.   The serum 
titers to various strains of Leptospira suggest an exposure to this disease 
in well over half the animals.   Present also, but of apparently less 
significance, is the number of animals that have positive serum titers for 
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brucellosis.   Unfortunately, the laboratory findings for follow-up serum 
samples in reactor animals could not be processed by the laboratory so 
it is not possible to determine what changes occurred in titers or how 
they were related to an individual animal's breeding performance.   From 
the large number of pregnancy examinations that were performed during 
the course of the year, all pregnancies, once diagnosed, have preceeded 
to term without abortion.    It was not possible to conduct an adequate 
laboratory follow-up of the two cows that died spontaneously during the 
year, but the causes of death were apparently not related to the herd 
problems that were experienced.   Bacteriologic findings from cervical 
cultures of animals that have been repeatedly bred are not conclusive. 
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Table 1.  Pregnancy Status of Study Cows 

Pregnant cows 

Calved 30 
Not yet calved 59 

Non pregnant cows 

Bred 21 
Anestrus 1 
Adolescent (less than 2 yrs.) 29 

Table 2.    Leptospirosis And Brucellosis Titters 

Number of Animals in Herd 140 

Leptospirosis: 1/50 
1/100 
1/400 
1/1600 

11 
33 
26 
14 

Number of Positive Leptospirosis Titers/ 
Number Animals in Herd 84/140 

Brucellosis: 
Positive titers: 

1/25 
1/50 
1/100 

26 
9 
1 

Number of Positive Brucellosis Titers/ 
Number Animals in Herd 36/140 
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FIG. 2     BOVINE    INFERTILITY    PROJECT 
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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.E.ASIA 

Task 00, Tropical and Subtropical Military, Medical Research 

Work Unit 047, Metabolic diseases of man and animals 
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23. (U)   To define the ecology of rickettsial diseases of military importance in 
Thailand and to determine the risk of acquired rickettsial diseases in Thai soldiers 
serving in Vietnam. 

24. (U)   Disease occurrence in Thailand is determined by case detection and laboratory 
method?.   The disciplines of clinical medicine, medical entomology, epidemiology and 
rickettsiology are used to identify the various components of the ecosystem (e.g. 
vectors, hosts, reservoirs).   Serologie methods form the basis of diagnosis in Thai 
soldiers serving in Vietnam. 

25. (U)   69 07 - 70 06   Serologie studies of Thai soldiers returning after one year 
in Vietnam indicates no significant experience with scrub typhus.   For technical reports 
see SEATO Annual Progress Report, 1 Apr 59 - 31 Mar 70. 
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Project 3A062110A811    MILITARY MEDICAL RESEARCH PROGRAM S.E.  ASIA 

Task 00,  Tropical and Subtropical Military Medical Research 

Work Unit 048, Rlckettslal diseases of man and animals 

Inves tlgators. 
Principal: Vlchal Sankasuwan, Major MC,  RTA* 

Premthavl Bodhidatta,  Flight Lieutenant MC,  RTAF** 

Associate: Richard A.  Grossman, Major, MC 
Bospan Prakoppanlchaklj, B.Sc.   [Pharm] 
Cheodchal Chuenchltra, B.Sc.   [Med Tech] 
Krasaere Nabnean, Second Lieutenant, RTA*** 

Survey of Rlckettslal Diseases In Thailand 

Principal Investigators:    Vlchal Sankasuwan, Major MC, RTA* 
Premthavl Bodhidatta, Flight Lieutenant MC, RTAF** 

Associate Investigator:      Richard A.  Grossman, Major, MC 

Assistant Investigators:    Bospan Prakoppanlchaklj, B.Sc.   [Pharm] 
Cheodchal Chuenchltra, B.Sc.   [Med Tech] 
Krasaere Nabnean, Second Lieutenant,  RTA*** 

OBJECTIVE;    To determine the distribution of rlckettslal diseases In 
Thailand;  identify arthropod vectors and mammal reservoirs and 
alternate hosts, and serve as required as consultative laboratory, 
and to determine the types and frequency of rlckettslal  Infections 
of Thai soldiers serving in Vietnam. 

DESCRIPTION:    Search is being continued for evidence of infection 
of man and other animals by rickettsiae of scrub typhus, murlne typhus, 
Q-fever and the spotted fever group in Thailand.    Methods used are 
small animal trapping;  collection,  identification and pooling of their 
ectoparasites;  inoculation of tissue specimens and ectoparasite pools 
in white mice or guinea pigs;  and serologic testing of human and ani- 
mal sera. 

*    Chief Investigator  [Thai Component] 
**    Investigator, Division of Research  [Thai Component] 

***    Medical Research Technologist  [Thai Component] 
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A new project was Initiated this period to determine the frequency 
of rickettsial  [and other]  infections occurring in Royal Thai Army 
troops serving a one year tour in Vietnam.    Blood is  collected just 
before departing and on the day of return from Vietnam.    Each soldier 
also fills out a questionnaire requesting information on past disease 
history as well as history of illness while in Vietnam. 

PROGRESS;    A field trip was made to Mae Sariang district, Mae Hongsorn 
proviuce,  in April 1969.    Fifty  [50]  rodents were trapped - 9 Rattus 
rattus  from which 25 fleas and 27 mites were collected,  40 R.   exulans 
infested with 51 fleas,  and one Menetes berdmorei.    The 8 pools of 
exulans and the berdmorei were negative while 1 of 2 rattus pools 
was positive  for Rickettsia tsutsugamushi.    The 8 pools of fleas 
[Xenopsylla cheopis] were negative for rickettsial agents.    The human 
serologic data from Mae Sariang collected in June 1969 are reported 
elsewhere in  this volume. 

In September 1969 a field trip was made to Kaeng Koi district,   Saraburi 
province.     From the 15 R.  rattus  trapped 1,530 chiggers,   73 mites and 
34 fleas were collected.    Other animals trapped were 5 R.  exulans, 
1 M.  berdmorei and 1 Bandicota indica.    The 6 pools made from these 
animals were negative for rickettsiae.    Trips to Phuket and Satoon, 
on the Southern Thai peninsula, were made during November 1969 search- 
ing for the beach chigger, Leptothrombidium arenicola, using the 
black plate technique and animal trapping.    None of these chiggers 
were recovered.    Two strains of R.  tsutsugamushi were isolated from 
R.  rattua trapped at Phuket. 

Over 1,000 Thai soldiers were bled before leaving for Vietnam and 
465 second specimens were so far collected on returnees.     Complement 
fixation tests showed positive  |^4-fold]  tlter rises in 2 to Q-fever 
and in 6  to murine typhus antigens.     Immunofluorescent testing 
for scrub typhus, as well as analysis of the questionnaires, are 
pending. 
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Project 3A062110A811    MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA 

Task 00,  Tropical and Subtropical Military Medical Research 

Work Unit 048, Rlckettsial diseases of man and animals 
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Prevalence Survey of Disease In Mae Sarlang 

Principal Investigators: Richard A.  Grossman, MAJ, MC 
Harry C.  Holloway, LTC, MC 
Peter Kunstadter, Ph.D.* 
Phon Sangslngkeo, M.D. 
Prlcha Slngharaj, M.D. 

Associate Investigators! Curtis H.  Bourgeois, Jr., MAJ, MC 
Carter L.  Dlggs, MAJ, MC 
Chiraphun Duangmanl, M.D. 
Douglas J.   Gould, Ph.D. 
Howard E.  Noyes,  Ph.D. 
Thomas J.   Smith,  LTC, MC 
William L. Wooding, MAJ, VC 
Robert W.  Dewey,  SFC 

OBJECTIVE; To make a preliminary survey of the point prevalence of 
diseases In an ethnically mixed neighborhood In Amphur Mae Sarlang, 
Mae Hongsom province. 

DESCRIPTION;    This report presents the results of blomedlcal data, 
collected in June and July,  1969,  as part of a larger multldlsclpll- 
nary survey attempting to assess the functional relationship between 
mtgratlon, ethnic membership and ecologlc experience and these bio- 
medical variables.    A total census was performed  [by F.K.] before- 
hand of one area.  Ban Phae Chom Chaeng, just east of Mae Sarlang town 
[about 500 kilometers northwest of Bangkok]-    A cluster random sample 
[P.S]  of 50 of the 188 households present was selected for study.    In 
addition all 14 households designated as being occupied by New Lua 
were similarly selected [but not included in random saaple analyses]. 
These were ethnically Lua who were of special interest in that they 
had migrated into Mae Sarlang from the surrounding hills within the 
previous year.    Three of these New Lua households were drawn in the 
RS.    The major ethnic groups identified were Lua, North Thai and Karen. 
Each person received an identifying number and all data collected 
were transferred to punch  cards for analysis.    The following specimens 
were collected from the sampled population, on a voluntary basis - 
peripheral and. venous blood,  urine, and stool.    Also performed were 
rectal and nasopharyngeal swabbing, chest X-ray,  and measurement of 
height, weight and head size  [up tfc age 6]. 

In addition, animal feces and blood were collected,  rats were trapped, 
mosquito fauna was studied,  and water and soil samples were analyzed. 
These non-human samplings were performed in the same area and during 

Department oi Anthropology,  Univei'slty of Washington,  Seattle. 
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the same general time period as the human survey.    A mass of behav- 
ioral and anthropologic data was also concurrently accumulated and 
there are plans  to appropriately Integrate such data with those 
presented here. 

RESULTS:    The main advantage of having had a total and accurate 
census on hand before drawing the sample was  the opportunity thereby 
afforded to check the representativeness of the random sample.    If 
the sample is  truly representative of the target population,  then 
obviously more credence is lent to the various prevalence determina- 
tions made on the sample collections as being precise estimates of 
population prevalences.    Table 1 displays! various characteristics 
of the target population and the cluster random sample, which includes 
26,6% of the households present.    The 95% confidence intervals bracket 
the true population value in each instance - total persons, number 
and proportion of males,  and number and proportion of children.    Ade- 
quate representativeness is further shown in the age-sex distributions 
of the population and sample [Tables II,  III].     Figure 1 shows the 
age distribution for the target population plotted on normal proba- 
bility graph paper.    The fairly close straight-line relationship 
[after age 10]  indicates that the cumulative age distribution Is 
approximately normally distributed and is a major reason why such 
a relatively small sample of households   [and not of people]  is so 
highly representative over these ages. 

The proportion of males is about 50% in the sample population.  It 
is of interest to know whether this is true for larger as well as 
smaller households.    Table IV shows that  the proportion of males 
is clearly independent of household size  [p>0.50]. 

Participation in the survey was generally very good and over    95% 
of the sample population was interviewed, had height and weight 
measured and gave a urine specimen.    Although over 90% came to the 
examining area during the 3 days  [4-6 June]  of concentrated testing, 
participation in giving specimens ranged from 35% for stool to 70% 
for peripheral blood specimens  [Table V].    Over 80% of persons over 
age 3 received chest X-rays.    Analysis of the missing and present 
distributions for hemoglobins failed to reveal any consistent pattern 
to seriously bias  the data, although hidden errors may surely be 
masked and some caution must be used before extrapolating these data. 

Tables VI and VII give the mean heights and weights for the random 
sample as well as for the 2 major ethnic groups present which account 
for 86.6% of the total persons In the RS.    No marked differences are 
noted in these sex and age distributions, between the RS and ethnic 
group populations.    The average adult in this area is approximately 
51  2" tall and weighs about 105 pounds.    All the urine specimens were 
negative Tor glucose and phenylketones while 2% had significant pro- 
telnuria.    Four persons   [2.1%] were found to have active tuberculosis 

1044 

  



1 l"l"ll"LI   '   v 

on chest X-ray.    Two were male,  and the ages were 35,50,55 and 60 years. 
One sputum was positive for acid-fast bacilli.    The X-rays were not 
Interpreted for presence of other abnormalities.    Malaria slides were 
made on all finger-stick collections and all were negative.    A somewhat 
surprising result was  that there were no positive VDRL serologic tests 
of the 182 performed  [150 In RS].    This was checked by repeating. 

Bacteriological evaluation of the water wells in the study area demon- 
strated high collform counts, a finding consistent with the fact  that 
all wells are uncovered and that privies are reportedly used by less 
than 50% of the households interviewed.     During the 3 days in June, 
21 persons  complained of diarrhea,  and of the 168 persons  [64.4% of 
the RS] who gave swab or cup fecal samples,  8 had Shigella flexnerl 
type 2,  2 had Sh.  sonnei form 2,  and 2 had Sh.  dysenteriae.    Tetra- 
cycllne therapy  [only Sh. sonnei was resistant] was made available 
to these and other symptomatic people thereafter. 

In addition,  4 persons had Salmonella welteverden and 5 persons had 
enteropathogenic Escherlchla coll  [3 different types] Isolated from 
their stools.     There was no clustering of these isolates by age,  sex 
or household.     Soil, water and human sera specimens were tested for 
prevalence of melioidosls.    None of 9 soil samples were positive; 
3 out of 23  [13%] water samples were positive.    Only 6 persons in 
the RS out of 168 sera tested [3.6%] had a positive melioidosls 
tlter and 3 of these were from the same household [ages 14,  18 and 40]. 
Tlters were 1:80, 1:40 and 1:16 respectively.    Table VIII shows  that 
4/102 Old Lua sera were positive while no New Lua and North Thai sera 
were positive. 

Hemoglobins were determined on 183 RS persons  [70.1%].    The distri- 
butions for males age 0-14 and 15+are very similar [and approximately 
normal]  and have similar means around 12 gm%  [Figure 2].    Using WHO 
criteria about 40% of the male and 35% of the female populations of 
this study area are anemic [Table IX].     Closer Inspection of the 
table reveals relatively less frequent anemia in young females but 
the numbers tested are small.    There are no significant differences 
between the mean hemoglobins of the North Thai and Lua populations 
[Table VIII].     These 3 distributions should probably be age-and sex- 
adjusted before stating the foregoing with good assurance.     It should 
be mentioned that evidence of gross malnutrition and deficiency diseases 
was not observed In this area. 

The presence of certain stool parasites is often incriminated as 
contributing to levels of moderate anemia such as seen in this area. 
Of 91 RS stool exams only 14 [15.4%] were negative while 15 had one, 
25 had 2,  24 had 3,  and 13 had 4 or more parasites present.    By far 
the most prevalent parasites were nematode ova.    Similar prevalences 
were found for hookworm [47.3%],  Ascarls   [52.7%] and Trichurls  [44.1%] 
eggs. 
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These 3 eggs were likewise similarly distributed by sex and age. 
However,  they were differently distributed by ethnic group  [Table VIII] 
where the New Lua group apparently has a much higher prevalence than 
the average.    Three people [3.3%] had Taenia species eggs  in their 
stool and adult worms were purged from 2 persons, one of which was 
identified as T.  saginata.    In addition Strongyloides stercoralis 
larvae,  and Entamöeba coli and Giardia lamblia cysts were recovered. 
No jj. histolytica were found.    Considering the drawbacks in collection 
and handling methods of the stools,   and that only one specimen was 
examined,  it is reasonable to presume that these prevalences represent 
the minimum.    It is likewise not possible to estimate the worm load 
of these parasites. 

It is still of interest to attempt to correlate the presence of a 
known red blood cell ingestor, hookworm, with hemoglobin levels and 
presence of eosiniphilia.    Significant eosinophllla [ 15% of differen- 
tial count] was present in 30% of the 192 RS specimens examined. 
Figure 3 shows that the age prevalence of eosiniphilia is  fairly 
constant except for a high prevalence early in life which would be 
expected as  the response to the initial acquisitions of intestinal 
parasites and others.    In contrast,  the hookworm age prevalence curve 
fluctuates widely,  although the large dip between ages 20-29 may 
reflect the small numbers examined  [non-response rate was highest 
for this group].    Table X shows  the mean hemoglobins by age for those 
persons positive and negative for hookworm or As carls.      Although the 
numbers are too small for statistical evaluation and the male/female 
ratios are not necessarily similar,   there does seem to be a trend 
[especially in the younger age groups] for lower hemoglobin values 
in the   presence of hookworm infestation, with much smaller differences 
noted with the presence of Ascarls. 

The remaining serological tests performed revealed only minor recent 
experience with most of the antigens tested.    Overall prevalences in 
the RS were:  trichinosis [SAFA test]  7.9%, scrub typhus  [IF test] 
1.6%, murine typhus  [CF test]  0.8%,  and Q-fever [CF test]  0.0%.    Scrub 
typhus exposure probably occurred in upland areas since,  of 9 positive 
sera,  8 were in New Lua persons.    Of particular Interest was  the 
experience with group B arboviruses.    HI antibody titers > 1:40 to 
dengue and Japanese encephalitis were detected in 1A.0 and 14.5% 
respectively  [179 sera tested].    There was no sex difference and age 
prevalence revealed no consistent pattern for dengue, but JE antibody 
was absent until age 10 and then generally rose to a high of 58.3% 
for ages 50-59.    Since the 2 viruses freely cross-react in the HI 
test,  further Inferences cannot be made other than being able to con- 
fidently state that no recent major exposure had occurred to  these 
2 agents in the study area.    Two years earlier similar testing of 
sera of an upland village of New Lua revealed an absence of dengue 
antibody.     The New Lua in the present study had migrated mostly from 
this same upland area and it is noteworthy that only one of 46 such 
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sera tested reacted to dengue and JE whereas about 16% of the Old Lua 
and North Thai were positive-. [Table VIII].    Only one serum [0.6%] was 
positive for Chikungunya, a 23 year-old male of Burmese and North Thai 
extraction. 

Animal collections were made in the study area during this time period, 
in nonrandom fashion.    Three trap-nights produced 15 rats  [5 male], 
3 Rattus rattus,   and 12 R.  exulans.      Only one was flea-infested and 
none of the 9 sera tested was positive for plague HA antibodies. 
Twenty [20]  dogs were Investigated.    One dog had a 26% eosinophil count 
and one had a 1:40 melioidosis titer.     Only 2 out of 19 dogs had nega- 
tive stools;  8 had hookworm ova, 4 had As car is ova, 2 had Spirocerca 
ova and one each had Dirofilaria mansoni and Trichurls ova.    Twelve 
[12] cows were bled; all were negative for melioidosis,    dengue 1 
and Chikungunya but 2 had 1:1280 and 6 others had 1:40 titers to JE. 
Of the 24 cow stools examined 6 were negative and 16 of the remaining 
13 had Fasclola ova exclusively.    Six  [6]  out of 15 water buffalo 
stools were negative and 7 out of the remaining 9 had Fasclola ova. 

Twelve [12] pigs were bled; one had a 1:40 melioidosis titer and 9 had 
significant JE titers  [some were 1:1280 and 1:2560].    Dengue 1 reacti- 
vity paralleled the JE, but to a high titer of only 1:80.    Only 5 of 
54 pig stools were negative.    Parasites present were hookworm. As carls. 
Trichuris,  Spirocerca and Fasdolopsis buski ova,   Strongylöides larvae, 
E.  coll cysts,  Balantldium coll and Coccldia. 

Adult mosquito and larval collections were made in the study area  [Ban 
Phae] at the start of the rainy season  [May], during the peak of the 
rainy season  [end of July], and 9 months later  [April, 1970] during 
the hot, dry season.    Similar collections were made at these times in 
an area just north of town [Ban Pong] as well as  in Mae Sariang town 
proper.    In May,   1969, both Culex gelidug and £.   tritaeniorhynchus, 
proven vectors of Japanese encephalitis, were collected biting man. 
The most common domestic mosquito was Culex quinquefasciatus, T/hich 
was often found breeding in domestic water containers inside houses. 

Inspection was made of artificial containers in 30-60 houses in both 
Ban Phae and Ban Pong each survey.    No Aedes aegypti larvae were 
found.    In contrast, about 5% of the houses  in the town center had 
A.  aegypti larvae in the 2 dry-weather periods and 59/100 houses 
[59%] were positive In the rainy season collection.    Four houses were 
also positive for A.  alboplctus larvae.    At that time [28-30 July] 
houses in town had an average of 9.9 water storage containers while 
there were 7.6 per house in Ban Pong and only 4.2 per house in Ban 
Phae.    The water containers used in Ban Phae are generally smaller 
[5-10 gallons]   than those used in the town  [30-60 gallons], and the 
people In Ban Phae usually refill the jars  from nearby wells daily 
while the larger jars in town are usually used to store rain water. 
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The availability of fewer breeding sites in Ban Pong and Ban.Phae, 
plus the fact that aegypti larvae are unlikely to reach maturity 
in jars  that are emptied every 24-72 hours may be part of the expla- 
nation for their absence in these 2 areas.    This finding may also 
explain the relatively low prevalence of dengue antibodies in the 
Ban Phae sera although these peoplefrequently visit the nearby town 
center and marketplace in the daytime.    Although previous information 
is lacking» transmission of dengue virus was documented during July 
[when the aegypti larvae index had risen dramatically in the town] 
by serologic diagnosis of several town residents admitted to the 
local Mission Hospital with the clinical diagnosis of hemorrhagic 
fever.    No patients from Ban Phae were similarly encountered. 
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Table IV. Proportion of males in larger 
vs. smaller households. 

Household Size Proportion of Males* Total 
^50% <50% 

2-5 

>5 

11 

7 

14 

5 

25 

12 

Total 18 19 37 

♦Excluding the 13 households containing 50^ 
males. 
X2 (1) =0.22 (with Yates correction). 
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Table VI. Average heights (cm) for random sample (RS) and ethnic 
categories, by age and sex. 

Age 
(Years) 

RS North Thai Old Lua    1 New Lua 

M 
n=118 

F 
n=131 

M 
m=34 

F 
n=31 

M     1 
n=58 

F 
n=79 

M 
n=34 

F          | 
n=41 

0-4 83.9 79.2 82.2 76.7 89.4 80.9 78.0 76.1      ' 

5-9 106.1 106.3 106.0 107.9 100.5 107.1 100.5 110.6 

10-14 134.8 129.8 135.7 132.5 134.2 128.4 *144.7 133.0      | 

15-19 154.7 147.4 *153.3 *146.9 154.3 146.8 i*136,5 136.2 

20+ 158.1 149.1 161.4 150.8 157.3 148.5 , 157.9 145.4      | 

* Includes less than 4 persons. 

Table VII. Average weights (kg) for random sample (RS) and ethnic 
categories, by age and sex. 

(Years) 

RS North Thai Old Lua New Lua          | 

M       1 
n=117 

F 
n=131 

M 
n=34 

F 
n=31 

M 
n=58 

F 
n=79 

M 
n=34 

F 
n=41 

0-4 11.4 10.0 10.1 9.1 12.8 10.7 10.5 9.1 

5-9 16.8 16.8 16.3 16.2* 17.0 17.4 16.4 18.8 

10-14 25.2 27.7 36.8 29.2 28.6 26.9 *39.0 30.3 

15-19 48.5 44.4 44.7* 44.5* 49.4 44.3 *33.4 40.5 

20+ 48.9 45.0 42.9 45.4 48.0 45.3 48.9 45.6 

* Includes less than 4 persons, 
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An Investigation of Clinical and Psychometric Techniques in the 
Study of Cerebral Dysfunction 

Principal Investigators: 

Assistant Investigators: 

William H. Biggers# M.D, 
Charas Suwanwella, M.D, 
Harry C. Holloway, LTCf MC 

Boonarb Panpanya, P.H.N. 
Vacharee Jan-Aiem 

OBTECTIVE: 
1. Development of a clinically valid, brief Thai mental status 

questionnaire for measuring mental changes in conscious patients 
secondary to disruption of brain function by a defined neurosurgical 
lesion; 

2. To describe the shifts in symbolic formulations concerning 
illness made by the patient and patient's family during the course of 
the patient's illness. 

DESCRIPTION;    See previous Annual Reports. 

PROGRESS: No new work was done on this project during the last 
year. The data was returned to WRAIR in September 1969 for final 
write-up. 

Disease Morbidity and Culture in an Ethnically Mixed Neighborhood 

Principal Investigators: Phon Sangsingkeo, M.D. 
Richard A. Grossman, MAJ, MC 
Pricha Singharaj, M.D. 
Harry C. Holloway, LTCf MC 
Peter Kunstadter, Ph.D. 

Associate Investigators: Douglas J. Gould, Ph.D. 
Howard E. Noyes, Ph.D. 
Thomas I. Smith, LTC, MC 
Chiraphun Duangmani, M.D. 
Curtis H. Bourgeois, Jr., MAJ# MC 
Carter L. Diggs, MAJ, MC 
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George S. Manning, CPT, MSC 
Robert W. Dewey, SFC 
Gerald S. Suzuki, SSG, USAMEDS 
Jimmie M. George, SSG, USAMEDS 

Project Coordinator: Harry C. Holloway, LTCt MC 

OBTECTIVES; 
1. To make a preliminary survey of the point prevalence of disease 

in a predominantly Lua' and North Thai lowland urban neighborhood 
'u Amphoe Mae Sariang, Changwat Mae Hong Son; 

2. To assess the functional relationship between migration, 
ethnic membership and ecologic experience and selected biomedical 
pcirameters.   This portion of the study will be exploratory and will 
evaluate the practicality of using biomedical, social scientific, and 
psychological tools for collecting information about the interaction of 
social behavior and disease frequency.   We will examine the possibil- 
ity of using biologic measures to independently validate statements 

derived from observation and analysis of human behavior in a 
changing social and ecological setting where long term residents 
and migrants reside together. 

BACKGROUND;   See previous Annual Report. 

PROGRESS;   Collected data during the reporting period can be found 
in the study reports by the   Department of Epidemiology and Special 
Studies.   Complete analysis of the data will be done by Dr. Peter 
Kunstadter and LTC Harry C. Holloway who have returned to CONUS, 

A Study of the Normal American Family in Thailand 

Principal Investigator: Harry C. Holloway, LTC, MC 

Assistant Investigators: Aporn Surintramont, B,A0 

Boonarb Panpanya, P0H0N, 
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PURPOSE;     The purposes of this study are: 
1. to describe the adaptive responses of normal American 

families living in Chiang Mai, Thailand; 
2. to add to the information concerning the medical system of 

Chiang Mai town and examine its functional significance for American 
households; 

3. to compare and contrast the history of the adaptation of 
normal families with historical material already collected from 
families with a clinically disturbed member. 

METHOD;    Semi-structured interviews using a series of six protocols 
with all of the residents within a household group who volunteered 
their time for research. 

PROGRESS;     Additional mau     i useful for general comparative 
purposes was collected from a number of families in Bangkok.   This 
consists of transcribed tapes of a group of families discussing 
family problems.   Considering the differences in method of data 
collection employed, the information can be used in only limitcc; 
comparisons. 

The data collected from all sources has been reviewed and shipped 
to WRAIR, where analysis is being completed by the principal 
investigator. 

Advisor/Counterpart Relationships:     An Organizetional Analysis 

Principal Investigators: Harry C. Holloway, LTC, MC 
Supoch Khwanmitra, MAJ GEN, RTAH 

OBTECTIVE;    This study will describe the relationships between the 
formal and informal organizations of the Army Advisory Group of 
MACTHAI, the mission of this unit, and the transactions between 
advisors and their counterparts. 

DESCRIPTION;    The basic assumptions underlying the design of this 
study are described in detail in previous Annual Reports.   The 
method employed was to observe and interview UoS. advisors and 
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their Thai counterparts so that specimens of thei'' hehavior might 
be analyzed in terms of the interaction of cultural, formal organiza- 
tional, small group, and idiosyncratic personal factors. 

PROGRESS;     Data collection is complete.   The U.S. Army principal 
investigator returned to WRAIR on 16 September 1969.   Final analysis 
will be completed there. 
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Organizational Analysis of Srithunya Hospital: 
Community Attitudes towards Schizophrenic Patients in Thailand 

Principal Investigators: Professor Phon Sangsingkeo, M.D. 
Harry C. Holloway LTC, MC 
Chantana Sukavajana, M.D, 

Assistant Investigators: Boonarb Panpanya, P.H.N, 
Cherdchalong Sivasomboon, R.N. 
Chinda Witayarut, P.H.N. 
Sukree Tumrongrachaniti, R.N. 

OBTECTIVE:    To describe and analyze the interaction of the hospital, 
the non-urban community, and the mental patient in Thailand with the 
goal of understanding how social institutions influence the rehabili- 
tation of the chronically disabled patient, and within this overall 
objective, to study that portion of interactions occuring within, and 
under the control of, Srithunya Hospital, Nonthaburi, Thailand. 

DESCRIPTION;    Srithunya Hospital is a large (approx. 2,000 bed) 
psychiatric hospital located in Nonthaburi, about six miles north of 
Bangkok.   It is the largest of five public psychiatric hospitals in 
Thailand, and treats   a disproportionate number of patients diagnosed 
as "schizophrenic" (an estimated 40% of all admitted schizophrenic 
patients in Thailand are admitted to Srithunya). 

Methods applied to understanding the organization of this hospital 
include:   collection of documents, interview of staff members, 
observation of procedures and conferences, and appropriate question- 
naires.   Special attention is given to: admission procedures, ward 
assignment, method of diagnosis, treatment, record-keeping, changes 
in ward assignment, staff's concepts of mental illness, discharge 
decisions, and community relations.   (For more detailed description 
see last year's Annual Report). 

PROGRESS:    During the period of this report most of the data 
necessary for the analysis was obtained.   Although partial organiza- 
tion of this information will be reported here, most analysis will be 
done at WRAIR by LTC Holloway and MAJ Russ subsequent to 
September 1970.   It should be understood that the remarks below 
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reflect only tentative formulations and do not represent final inter- 
pretation of the data. 

The theoretical model used is based on the work of A.K0 Rice.   An 
institution is seen as acting upon raw materials in such a way as to 
produce a product.   There are inputs (in this case we are mainly 
concerned with admitted patients), primary and subsidiary operations 
to be performed, and outputs (including discharged patients).   There 
are also various constraints upon the successful performance of 
organizational tasks. 

Srithunya   hospital has four major treatment divisions:  male inpatient 
section, female inpatient section,   a rehabilitation section (for males 
only) and the outpatient department.   Although these sections are all 
answerable to the director, the section chiefs have considerable 
autonomy.   But all four treatment sections share two primary tasks: 
(1) to admit appropriate patients from the community, treat them, 
and discharge them back to the community; (2) to care for those 
patients who cannot be returned to the community. 

The hospital also has an industrial section (which has as its primary 
task the production of low-cost hospital beds to be sold to other 
institutions), maintenance and support sections, and, of course, a 
director.   Although the job of the director has many important 
internal functions, the main tasks of the office involve the relation- 
ship of the hospital with other organizations (including the immediate 
community and the Thai medical and financial establishments). 

The workload of Srithunya has increased markedly during the past ten 
years.   Admissions between 2502 and 2512 B.E. (1959-1969 A0D.) 
increased by over 200%, but the increase is better shown by soaring 
rises in outpatient visits and re-admissions (about 500% each) 
during the same period.   (See Chart)   During this time the physician 
staff only doubled.   Obviously, the number of professional staff 
constitutes a serious constraint upon the successful performance of 
the hospital's primary tasks.   Other constraints include:   attendant 
staff of limited training, inadequate funds and equipment, and the 
necessity of conforming to the requirements of the nation's culture 
(religion, language, belief, customs). 

We found Srithunya to be a successful organization.   That is, it 
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performs its primary tasks both successfully and efficiently.   Consider- 
ing the severely impaired status of the patients admitted, it has a 
remarkably low retention rate (less than 10% of patients remain in the 
hospital over one year).   The dedication of the professional staff 
and the beauty of the exterior hospital grounds are striking to those 
accustomed to chronic psychiatric facilities in the United States. 

Further discussion will be divided into input, output, and "throughput" 
(in-hospital operations).   Statements derive from general observations 
and also from detailed study of 1,030 patients presenting to OPD in 
a thirty-day period with follow-up of the 347 (33.7%) who were 
admitted. 

INPUT;   Srithunya Hospital does not actively recruit patients from 
the community.   Patients come alone or are brought by relatives, 
friends, police, or on rare occasions are transferred from another 
hospital.   Many of them are brought against their wishes. 

Patients can be taken only to the outpatient department for admission. 
Space there is definitely cramped.  Admissions are usually accomplished 
during the midmoming or early afternoon; very few patients are seen 
at night or on holidays.   OPD is staffed by one full-time physician. 
Another doctor (drawn from the hospital staff on a rotating basis) also is 
there during peak hours.   One nurse, one assistant nurse, and 
auxiliary attendants and clerical staff complete the OPD personnel. 

Most OPD visits concern possible admission.   Scheduled return 
visits for explicit outpatient care occur, but   are not the rule.   The 
number of patients seen during a working day ranges from twenty-five 
up to one hundred, with an average of about fifty.     The heaviest 
loads are on days following holidays or weekends.   Overall, about 

one-third of patients brought to the OPD are admitted.   Decisions to 
admit can be made only by the doctors on duty at OPD, 

No formal legal procedures are necessary to detain patients who do 
not wish to be treated, but such action is almost always taken with 
the active cooperation d.f  the individual's relatives or the police. 
Patients accompanied by the police are most likely to be admitted 
(about 95%),   Those coming alone are least likely to stay (about 10%). 
Persons travelling a long distance (over 200 km.) to reach the hospital 
are more likely to be kept.   The most common causes for bringing a 

1067 

■UM 



mmmmm^^mrnr^v« 

patient to Srithunya are frightening or disturbing the family or the 
neighbors.   Relatively few individuals are brought for treatment of 
symptoms per se.    Many have previously sought help from other 
institutions. 

The likelihood of admission varies by age and shows markedly 
different patterns for the two sexes: 

Percent of Each Age Group 
Admitted Among Patients Seen at OPD (1,030 successive visits) 

20 or less 21-40 41-60 61 or over 
Male      2 7.08% 38.84% 34.23% 34.62% 
Female   41.51% 32.47% 26.21% 8.33% 

It seems likely that this difference reflects differential cultural 
attitudes towards admitting men and women, rather than differences 
in the prevalence of psychopathology.   For example, psychotic young 
women may be admitted to protect them from wandering and possible 
sexual assault.   But the age distributions of patients brought to OPD 
are almost identical for both sexes. 

More than three-quarters of patients seen at OPD are diagnosed as 
schizophrenic, and the proportion of these admitted is slightly higher 
than the average.   Data concerning the influence on admission of 
their occupation, economic status, marital status and ethnic group 
are not yet analyzed. 

THROUGHPUT:    The male and female sections share this pattern: 
admission to an acute treatment "admission" ward from OPD; treat- 
ment primarily by drugs and EOT (electroconvulsive therapy); and 
relatively rapid discharge of most of the patients.   Very few patients 
are found on the "chronic" wards within the first six months of the^- 

admission. 

But there are considerable differences between the sections.   Because 
of the different training experiences of the section chiefs, the female 
section places a greater emphasis on group meetings and "remotivation"; 
the male section on somatic therapies.   There is also evidence to 
suggest different task definition in the   two sections.   A sizeable 
proportion of male patients leave the hospital by escaping, but such 
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an event is unusual among female patients.   (Among the 347 admitted 
patients who were followed, about one-third of the male patients 
diagnosed as schizophrenic escaped within sixteen weeks of their 
admission; female escapees in the comparable category were less 
than two percent.)   Difference in escape rates may relate to the 
greater tractability of female patients (about one in thirteen female 
admissions are brought by the police compared to one in seven for 
males).   Women are also given less opportunity to escape, being 
confined more than males within their section compound.   Patients 
tend to be kept on the female admission ward longer than on the male 
ward, from which they are usually transferred within two weeks to 
make room for new admissions.   But more than half of all admitted 
patients are discharged (or escape) within eight weeks. 

All major treatment decisions are made by doctors on both sections, 
although they are heavily dependent upon nursing reports for informa- 
tion.   The small number of physicians (ten, during most of 2512 B.E.) 
in relation to the patient load results in patient-physician contact 
of less than three hours in the course of a mean hospital stay of 
about four months.    (As has already been noted, the median is even 
shorter; less than two months.) 

The nurse is central to patient management in both sections.   But 
although nurses tend to see their task as direct patient care, their 
role is actually more that of a general ward manager, housekeeper 
and troubleshooter.   Most direct patient care must be done by 
practical nurses and attendants, many of whom are hampered by 
limited training and experience. 

Srithunya Hospital also has a staff of social wortcers, approximately 
equal in number to the physician staff.   Their responsibilities 
include: (1) taking intake histories from new patients at OPD (one 
social worker is on duty there); (2) follow-up of admitted patients 
on the wards; (3) contacting the patient's relatives about discharge; 
(4) helping the patient maintain written correspondence with his 
family; (5) on certain wards, participating in group therapy and 
recreation programs; and (6) arranging to send medication by mail to 
some discharged patients living in distant provinces (and receiving 
payment by return money order).   The social workers are hobbled by 
lack of mobility; I-nds and transportation are not adequate to support 
many home visits. 
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There Is a hospital psychologist and several assistants who perform 
requested psychological testing.   However, these services do not 
yet seem to be fully integrated into the hospital's diagnostic and 
therapeutic programs. 

OUTPUT;    The criteria for discharge are realistic.   Complete recovery 
is not expected and is seldom claimed (less than 2%) but most patients 
are discharged when "improved" to some degree.   Patients considered 
otherwise dischargeable often must remain in the hospital until a 
responsible person (usually a relative) can claim them; they are 
seldom discharged to their own care.   Some preliminary investigation 
suggests that this represents "transfer of responsibility" rather than 
"termination of responsibility," and may be a function of Thai cul- 
tural norms.   (Such a practice interestingly resembles current recom- 
mendations for community psychiatric practice in the United States 
and other occidental countries.) 

Female patients can be discharged only to the community.    Male 
patients are sometimes transferred first to the rehabilitation village, 
another treatment section within the larger Srithunya Hospital 
institution. 

The rehabilitation village is separated from the main treatment area 
of the hospital and surrounded by open land.   It has a census of about 
125 patients.   Originally, it was intended to train otherwise unemploy- 
able and undischargeable patients, and still does to some extent. 
All patients here are required to work, and their tasks include:   rice 
farming, vegetable growing, making fishbaskets, coconut growing, 
gardening, minor handicrafts, and work necessary for the general 
operations of the unit (maintenance, cleaning, food handling).   At the 
present time it probably serves a useful traihing purpose for very few, 
but is a good place for lodging suitable patients while they are waiting 
for relatives to come for them.   The surroundings are pleasant, and 
the work constitutes good occupational therapy.   Some of the patients 
are here weaned from medication.    But the original 1,000 rai of rice- 
land cannot now be fully farmed, and Srithunya is making other plans 
for its utilization. 

Some patients are directly discharged from the rehabilitation village, 
but since December 1968 a further intermediate step is available. 
A "halfway house" has been opened at Rangsit (about fifteen miles 
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north of Srithunya).   This is considered a social welfare institution, 
not a medical one, but accepts patients directly from the rehabilitation 
village of Srithunya.   In the first six months of 1969 one hundred 
patients were discharged to Rangsit, of which eighteen later returned 
home and eight brought back to the hospital. 

Other data collected during the period of this report include: 
descriptions of hospital personnel, conference dynamics, financial 
and material constraints, conflicting tasks of the industrial unit 
(making beds and helping patients), staff living conditions, personnel 
recruitment problems, and problems of task definition and performance. 
Complete analysis will begin at WRAIR in October 1970. 

A project studying short-term prognosis in chronic schizophrenic 
patients (to be done at Srithunya in the period April-September 1970) 
will supplement the work reported here, and in turn is rooted in this 
basic study of Srithunya.   Information gathered in both studies may 
be useful in planning a possible future investigation of longer-term 
prognosis of Thai schizophrenic patients in the community. 

SUMMARY;     Tentative and partial results of an organizational study 
of Srithunya Hospital are reported.   Special emphasis is given to 
describing admission, treatment, and discharge of schizophrenic 
patients.   The relation of this work to planned and possible future 
studies is described. 

Psychiatric Evaluation of North Thai-Lua' People:   How this Evaluation 
is influenced by the Experience and the Culture of the Observers 

Principal Investigators: 

Associate Investigators: 

Phon Sangsingkeo, M.D. 
Chira Sitasuwan, M.D, 
Pricha Singharaj, M.D. 
Marvin H. Firestone, M.D., MAJ, MC 
Jonathan J. Russ, M.D., MAJ, MC 

Utaiwan Pongsukree 
Apakorn Kuntatun 
Kriangsak Rittaporn 
Tien Jaiboonma 
Umneuy Sriroongroj 
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Sanchai Bunlungpoh 
Vivat Chavengchaiyong 
Surasak Laosuwan 
Siriwat Sothornwit 
Winaisuk Kattipattanapongse 

Assistant Investigators: Boonarb Panpanya, P.H.N, 
Chinda Witayarut, P.H.N. 
Aporn Surintramont, B.A, 
Vacharee Jan-Aiem 

OBTECTIVES; 
1. To psychiatrically study in further detail a segment of a 

predominantly Lua' and North-Thai lowland urban community in Amphoe 
Mae Sariang, Changwat Mae Hong Son, where a previous survey had 
identified individuals with severe psychiatric illness; 

2. To study transcultural influences on the psychiatric evalua- 
tion of this segment of the population; 

3. To study the effects of training and experience in psychiatric 
field research on a group  of third and fourth year Chiang Mai 
University medical students; 

4. To study the influence on diagnoses offered by medical 
student observers of the affectual reactions they experienced during 
interviews; 

5. To provide medical students experience in doing psychiatric 
field research and to introduce them to a standardized mental status 
interview schedule; 

6. To acquaint SEATO Medical Research Laboratory investigators 
with problems and techniques in psychiatric field research in rural 
Northern Thailand; 

7. To assess the effects of doing extensive psychiatric 
interviewing on the community. 

BACKGROUND;    A previous cooperative research project surveying 
disease morbidity and culture in the Mae Sariang area (see previous 
Annual Report) was accomplished under the coordination of LTC Harry 
C. Holloway, MC.   At that time a survey accomplished by Dr. Pricha 
Singharaj found a number of members of the community identified as 
having psychiatric illness by the heads of their households.   No 
details were obtained regarding the psychiatric illness, but responses 
indicated a prevalence of 2.8% in the segment of the population surveyed, 
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Mae Sariang District has a population of 50,000,   30,000 of whom 
are hill tribes; 80% of the hill tribes are Karen and 8% are Lua1. 
Mae Sariang town has a high percentage of Lua1 emigrees.   The town 
is located west of Chiang Mai and can be reached by plane or via 
road through the mountains from Chiang Mai.   Located in Mae Sariang 
town is a local health facility run by the Thai government, a 
Christain Mission Medical Unit, a Buddhist monk who acts as a lay 
healer, a Catholic missionary who acts as a   medical liaison to his 
mission hospital in Chiang Mai, and an Australian missionary nurse. 

DESCRIPTION;     Two Thai psychiatrists, two American psychiatrists, 
and ten medical students from Chiang Mai University Medical School 
interviewed the subjects who were identified as being psychiatrically 
ill by the previous SEATO Lab study.   Control subjects were also 
interviewed; one selected from the same household and two from 
adjacent households.   Selection of the control subject in the same 
household was decided first on sex, second on age, third on place 
in sibship.   Control subjects from the adjacent households were 
selected on the basis of the same criteria, plus the necessity that 
they be from the same ethnic background. 

Prior to the data collection phase, the medical students were trained 
in giving a standardized Spitzer Mental Status Schedule interview 
at Suan Prung Hospital, Chiang Mai,   The Spitzer Mental Status 
Schedule was translated into North-Thai language in preparation for the 
data-collection interviews. 

Before training, the medical students were given a questionnaire to 
test their knowledge and attitudes in the areas of psychiatry, 
research, and knowledge of the Mae Sariang region.   They were 
again given this questionnaire after data collection in order to 
assess any changes resulting from their experiences during the project. 
Anonymity of the participating medical students in answering these 
questionnaires was maintained throughout the project. 

PROGRESS;    A. Phase 1: 
24 November) 

Training of medical students (18 November- 

Prior to going to the target area the medical students participated in 
training sessions for a total of 28 hours at the Suan Prung Hospital, 
Chiang Mai, under the supervision of Dr. Chira Sitasuwan, Director 
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of Suan Prung Hospital, and Major Marvin H. Firestone, MC, Chief, 
Department of Neuropsychiatry, SEATO Medical Research Laboratory. 
It was accomplished using modelling techniques, observing interviews 
through a one-way viewing mirror, and discussions of the mechanics 
of the Spitzer Mental Status Schedule instrument.   Students received 
further training in the use of a Multiple Affect Adjective Inventory, 
in order to sensitize them to feelings stimulated in them by interviewees. 
During training sessions they were given literature and lectures on 
psychiatric field research, anthropology, and an orientation to the 
Mae Sariang area and its population. 

B. Phase II:    Selection of subjects and controls (25 November - 
29 November) 

Dr. Pricha Singharaj, Public Health physician, with the assistance 
of a public health nurse and North Thai interpreter, selected subjects 
and controls based upon previous personal knowledge of the area 
and data collected by the previous SEATO study.   Five subjects 
were selected based on data from the previous survey and five addi- 
tional subjects were identified by a reliable informant.   Throughout 
the project. Dr. Pricha maintained secrecy of the population data 
and insured that experimental safe-guards were observed.   Three Lua1 

interpreters assisted in this phase, as well as in the data-collection 
phase. 

C. Phase III:    Interviews (29 November-4 December) 

On 29 November, the medical students, staff of the Department of 
Neuropsychiatry, Dr. Phon and Dr. Chira began orientation in the 
Mae Sariang area.   On 30 November, interviewing of subjects and 
controls was begun.   An average of two interviews per medical 
student and psychiatrist were accomplished each day for 5 days; 
during the same period, a neuropsychiatric technician administered 
Porteus Maze and Digit Span tests to those subjects and controls 
not given these tests in the previous study.   Immediately after 
interviews, the medical students and psychiatrists completed a 
Multiple Affect Adjective Inventory. 

Because the local rice harvest was taking place during the period 
of Phases II and III, several difficulties arose which were solved 
by altering our interview procedures to include several interviews 
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at subjects' homes in the early morning and late evening.   Except 
for this complication, the planned tasks were accomplished by the 
research team quite efficiently and with good cooperation from the 
community, 

D. Phase IV:    Scoring and Partial Analysis (6 December - 15 February) 

After data collection, Spitzer Mental Status Schedules, Porteus Maze 
results, and Digit Span tests were scored.   The medical students, 
Dr. Chira, and Dr. Firestone met to discuss the findings at Suan 
Prung Hospital on 6 and 7 December, on 10 and 11 January, and on 
14 and 15 February.   At these meetings the mental status examinations 
and other data collected were ordered and partially analyzed. 

I. Phase V:    Follow-up (12 February-13 February) 

On 12 and 13 February a follow-up visit to the Mae Sariang area was 
accomplished, at which time the local health authorities, subjects, 
and controls were interviewed in order to ascertain effects of the 
research procedures. 

F. Phase VI:    Final Data Analysis (15 February-present) 

All data have been classified, scored, and partially analyzed.   The 
data presently are undergoing more refined analysis at the Department 
of Neuropsychiatry.   Further analysis of data collected is underway, 
and publication to include discussion is anticipated. 

RESULTS;   Thirty-nine subjects and controls were interviewed by 
the research team, of whom thirty-three were interviewed by a 
medical student, a Thai psychiatrist, and an American psychiatrist. 
Six were interviewed only by a medical student.   Spitzer Mental 
Status examination was done by medical students on all thirty-nine 
subjects. 

A.   Subjects and Controls 

In the original survey done by Dr. Pricha, five subjects were identi- 
fied by the heads of their households as having severe psychiatric 
illness.   All five of these subjects were determined to have severe 
psychiatric illness when interviewed in our single-blind design. 
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In Dr. Pricha's second survey five additional subjects were 
identified by gathering information from a key informant living in 
the village; our interviews found only three of these five to have 
severe psychiatric illness. 

B.   Diagnostic Correlation 

An accurate diagnosis can be considered: (1) If a diagnosis made by 
one of the three examiners is confirmed by the results of the Mental 
Status Schedule scores and psychological tests; or (2) If there is 
agreement between the two psychiatrists examining the subject 
independently. 

If these criteria for diagnosis are used, of the thirty-three subjects 
and controls interviewed by all three examiners:  twenty subjects 
and controls were normal or manifested only mild personality dis- 
orders;   six were neurotic;  five were psychotic; and two showed 
signs of mental retardation.   In the group of normal subjects and 
controls there was agreement between   Thai and American psychia- 
trists in eleven out of the twenty, or 55%.   In the group of neuroses, 
there was agreement between Thai and American psychiatrists in 
four out of the six, or 66 2/3%.   In the group of psychoses, there 
was agreement between Thai and American psychiatrists in two out 
of the five, or 40%.   In the group of mental retardation, there was 
agreement between the Thai and American psychiatrists in two out of 
two, or 100%. 

For the thirty-nine subjects interviewed, although there were 
differences in various diagnostic sub-entities, there was very good 
agreement within the major categories of psychiatric diagnosis: 
retardation, psychosis, neurosis, and normal.   In fourteen of the 
subjects and controls there was agreement in the diagnoses of the 
medical student, the Thai psychiatrist and the American psychiatrist. 
In this category there were ten normals, one retard, one psychotic, 
and two neurotics.   In five more subjects and controls there was 
concurrence in the diagnoses of the Thai and American psychiatrists, 
but not that of the medical student.   In this category were two neurotics, 
one retard, one psychotic, and one normal.   Eight subjects and 
controls were diagnosed similarly by the Thai psychiatrist and the 
Thai medical student, but not by the American psychiatrist.   In this 
group were seven normals and one neurotic.   Three were diagnosed 
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similarly by the North Thai medical student and the American 
psychiatrist.   In this group were two normals and one neurotic. 
In three subjects and controls interviewed there was no agreement 
between any of the interviewers.   The results of the Spitzer Mental 
Status examinations suggest that two of these three subjects were 
psychotic and one was normal.   Six subjects were interviewed only 
by a medical student; it seems likely that three of these had psychia- 
tric illness, two normal, and one for whom the Spitzer results were 
not definitive. 

C. Diagnosis of Controls 

Among the twenty-nine controls twenty-one were diagnosed normal 
(72%), five neurotic (17%), one psychotic (3%), and two mentally 
retarded (7%). 

D. Affect and Diagnosis 

Adjectives reflecting anxiety, hostility and depression were tabulated 
by psychiatrists and medical students at the termination of each 
interview, and each interviewer's scores on these affects were 
totaled.   It was found that in totalling the three scores, that the 
American and the Thai psychiatrists averaged the same amount of 
affect; this average was one point higher than the affect score of the 
medical students.  Taking the mean for the total affect for both groups 
and comparing this mean score with diagnosis, the following results 
were obtained: the medical students interviewed thirty-nine subjects 
and controls;  the psychiatrists interviewed thirty-three.   Higher than 
average affect was associated with a diagnosis of psychopathology 
made by the medical students in two; of the interviewees, lower 
affect than average was associated with a designation of normal in 
sixteen of the interviewees.   For Thai psychiatrists, higher than 
average affect was associated with a positive diagnosis in nine; 
lower than average affect with a normal designation in eleven.   For 
American psychiatrists, higher than average affect was associated 
with a diagnosis in ten; lower than average with fourteen normal. 

E. Spitzer Scores and Diagnosis 

The mean of the total scores of macro scales I, II and III was 
calculated.   Scores above the mean were expected to be correlated 
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with a positive diagnosis of psychopathology; those below the mean 
were expected to be found in normal subjects.   For the medical 
students' diagnoses there was a correlation for twenty-six out of 
thirty-nine, or 67%.   For Thai psychiatrists, twenty-five out of 
thirty-three, or 76%.   For American psychiatrists, twenty out of 
thirty-three, or 61%. 

F. Diagnosis of Mental Retardation and Test Results 

There was a good agreement in those cases diagnosed as having mental 
retardation between the Porteus Maze and the Digit Spans tests.   The 
Porteus Maze and the Digit Span tests agreed overall in twenty-seven 
out of thirty-eight subjects and controls who were administered both 
tests. 

G. Treatment Recommendations 

In all thirty-three cases the Thai and the American psychiatrists made 
similar recommendations about the use of medication and/or psycho- 
therapy.   In the cases for which the medical students recommended 
treatment, however, there were unrealistic recommendations for 
psychotherapy.   Medical students recommended psychotherapy for 
eighteen out of the thirty-nine cases interviewed.   The Thai and the 
American psychiatrists both recommended only four. 

H.   Effect on Target Population of the Proiect 

On 12 and 13 February Mae Sariang town was visited by the responsible 
investigator, at which time the health facility doctors, the lay 
healers, and the Australian Missionary nurse were questioned about 
the effects of the project on the people involved in the study.   Health 
records of the studied segment of the population were reviewed.   No 
effects of any kind were apparent.   All of the people involved in the 
study were asked for their opinion of the study by a member of their 
village; with only one exception, all of them felt positively about the 
team's efforts and appreciated participation in the study.   The Nai 
Amphoe of the Mae Sariang district was interviewed.   He, also, 
expressed appreciation of our interest in the people of his district and 
reflected good will towards our 1eam that he had gleaned from some 
of the participants. 
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I.   Medical Student's Reaction 

Without exception, the medical students considered their experience 
worthwhile and educational, as reported both orally and in several 
essay-type  questions (answered anonymously) about their experience 
and knowledge related to the project.   Multiple-choice questionnaires 
administered both before and after the training and field experience 
showed less definite results.    There was, however, greater variation 
in answers given before their experience than four months after their 
experience. 

SUMMARY;     Thirty-nine subjects and controls living in a North-Thai 
Lua' community were psychiatrically evaluated independently by Thai 
and  American psychiatrists and Chiang Mai University medical 
students.   Psychological tests and standardized mental status 
examinations were also done.   The results of the evaluations and 
testing were compared.   The educational experience and interview- 
associated affects of the medical students participating in the project 
were studied, and the effects on the community of the study were 
appraised. 
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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S. E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 304, Military medical research program SEA, United States 
Army Medical Research Team, Vietnam 

Investigators. 
Principal:  LTC Robert T. Cutting, MC 
Associate: MAJ Keith Arnold, MC; MAJ William H. Fleming, MC; 

CPT John C. Bowen, MC; CPT Joseph M. Ballo, MC; 
CPT Michael Benenson, MC; CPT Charles H. Evans, MC1; 
CPT Tran Huu Phuoc2; Nguyen Ngoc Linh3; LTC Thomas J. 
Smith, MC*; MAJ Thomas Kilbridge, MC5; Nguyen Thi Nhu 
Tuan6; COL Sung Ho Paik7; CPT Hyen Tai Yeau7 

1.  Causes of Death in Hospitalized U. S. Military Personnel in Vietnam 
in 1969.    -— "   

a. Statement of the problem: The survey was needed to assist in 
establishing priorities for future research projects.  No comprehensive 
review of all U. S. deaths in hospitals had been heretofore compiled by 
a single group personally examining the sources of data. 

b. Background:  Impetus for the study was a pilot review by 
McNamara and Stremple of 100 consecutive non-head injury deaths at the 
24th Evacuation Hospital. This focussed attention on the life-threaten- 
ing pulmonary problems.  It was judged important to gather data concern- 
ing all U. S. deaths in hospitals in order to contribute quantitative 
Information concerning those factors associated with the event of death. 

c. Approach to the problem: A team composed of experienced officers 
and sergeants devised a form to record the pertinent information on each 
death and conducted a pilot study. The source of the data was the 
hospital record.  The form was improved and the survey was extended to 
all American military hospitals and hospital ship-., most of which were 
visited twice.  The hospital (medical) record for each patient dying 
between 1 January 1969 and 31 December 1969 was reviewed.  Information 
concerning the number of deaths for each hospital as well as the number 
and type of admissions was obtained from the Monthly Morbidity Reports, 
the Daily A and D sheets, and from other logbooks maintained to varying 
degree by the Registrar's offices. 

^-Office of the Command Surgeon, Military Assistance Command, Vietnam 
2Ministry of Health, Vietnam 
■*Cho Quan Infectious Disease Hospital, Saigon 
^SEATO Medical Research Laboratory, Bangkok 
5Third Field Hospital, Saigon 
"Institut Pasteur, Saigon 
'Office of the Chief Surgeon ROKF-V, Saigon 
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d. Results: Thero were twenty hospitals visited (fifteen Army) 
including some which closed during the period under study. During this 
period there were 132,996 admissions of which 55,177 (46.3%) were sur- 
gical. 

There were 1,253 deaths of which 92.7% occurred in surgical 
patients. Overall, 2.1% of surgical admissions died. The hospital with 
the highest surgical death rate, 6.1%, was a neurosurglcal referral 
center and reflected the high mortality rate for head injuries. 

Five conditions accounted for 87.3% of the surgical deaths. 
These were head injury, 42.5%; hemorrhagic shock, 23.9%; septic shock, 
11.7%; respiratory problems, 6.1%; and burns, 3.1%. 

The principal cause of the 91 medical deaths was malaria with 
12 cases. 

Most deaths (61.1%) occurred within 24 - 36 hours of admission 
and 13.6% occurred 2-5 days after admission. Nearly one-fifth (18.4%) 
occurred after the fifth day. 

A detailed analysis of each hospital's deaths was prepared. 

e. Discussion; It was very frequently observed that the death 
certificates were poorly completed. Unfortunately, the hospital (medical) 
records also were often Incomplete or poorly prepared. Thus, in many 
patients, the cause of death was obscured or at least far from obvious. 
Occasionally, the attending doctor was contacted and contributed clarify- 
ing information. However, the records examined were of sufficient detail 
to afford conclusions in the overwhelming majority of Instances.  By far 
the most detailed records were obtained from the hospital ships. 

Three-fifths of the deaths occurred roughly during the first 
day. It is felt that a high proportion of these reached the hospital 
alive only because of the rapid aeromedical evacuation system. 

Head injuries accounted for two-fifths of all surgical deaths. 
Better preventive measures (i.e., wearing the helmet or a better helmet) 
would undoubtedly have reduced this toll. Measures to prevent or reduce 
intracranial swelling might save a small proportion. 

Hemorrhagic shock appears to be more than mere loss of circulat- 
ing volume. The phenomenon of irreversibillty is poorly understood. The 
qualities of the replacement transfusions may be of importance equal to 
the quantity. 

Sepsis is a problem in every hospital.  Better antibiotics are 
not necessarily the solution.  More attention needs to be directed to 
host factors particularly at the cellular level. 
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Pulmonary problems were difficult to sort out because they oc- 
curred in conjunction with severe trauma, blood replacement, anesthesia 
and surgery, ventilatory assistance, fat emboli and infection. 

f. Conclusions;  Events associated with trauma were the causes of 
death of 92.7% of the 1253 U.S. deaths occurring in military hospitals 
in Vietnam during 1969. Head injury accounted for the greatest propor- 
tion (42.5%) followed by hemorrhagic shock (23.9%), septic shock (11.7%), 
respiratory problems (6.1%) and burns (3.1%). 2.1% of surgical admissions 
died. Medical admissions accounted for slightly over half the 132,996 
total admissions but for only 91 deaths (7.3% deaths). Three-fifths of 
the deaths occurred during the first 24 - 36 hours but one-fifth died 
after the fifth day. 

g. Recommendations; More detailed epidemiological studies are 
necessary in order to discover means of markedly reducing the toll from 
head injury.  Studies on cellular respiration in shock and following 
massive transfusion are needed, as well as studies of pulmonary mechanisms. 
In sepsis, investigation of host defense mechanisms at the humoral or 
cellular level are necessary; these could run concurrently with prospec- 
tive studies of the epidemiology of surgical infections. 

2. A Study of Pneumonia Patients Admitted to a U. S. Military Hospital 
in Vietnam. 

a. Statement of the problem; Clinicians on the medical service at 
the 3rd Field Hospital had observed many patients with clinical and x-ray 
diagnosis of pneumonia who failed to respond to the antibiotic indicated 
by sputum culture or else had negative cultures. They requested assistance, 

b. Background; Each of the clinicians on the medical service at 
the 3rd Field Hospital had observed several perplexing cases of pneumonia, 
usually moderately severe and with a protracted (10 - 14 day) course in 
spite of appropriate antibiotic therapy. Most had negative sputum cul- 
tures in the absence of prior antimicrobial therapy. Two questions arose 
whether this disease was a specific clinical entity with distinguishing 
clinical features, and if the disease was due to a single agent or combina- 
tion of agents. 

c. Approach to the problem; All pneumonia patients (civilian and 
military) admitted by the medical service of the 3rd Field Hospital were 
studied.  Criteria for diagnosis were pertinent clinical findings plus 
x-ray evidence of a pulmonary infiltrate.  Patients were not included if 
they were on the surgical service or if they were admitted with renal 
failure, drug overdose or in coma. 

Clinical information was recorded by the 3rd Field Hospital 
physicians. 
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Sputum was collected and examined for culture and sensitivity 
at the hospital laboratory and at the 9th Medical Laboratory. 

An AFB smear and culture and a fungus culture were performed 
at  the 9th Medical Laboratory. 

Virus and mycoplasma isolations were performed at the SEATO 
Medical Research Laborat  •»•v in Bangkok. 

Acute and convalescent sera were tested for titer rises by the 
9th Medical Laboratory against leptospirosis, melioidosis, scrub and 
murine typhus,   psittacosis,  and for cold agglutinlns. 

Acute and convalescent sera were also tested by the SEATO 
Medical Research Laboratory against influenza A2 and B,  para-influenza 
I and III, adenoviruses,   RS virus, and mycoplasma.     The sputa and sera 
were stored at -70° C,  and shipped to Bangkok under dry ice. 

d. Results:     In four months Nov 70 through Feb 70)   73 patients 
entered the study.    Detailed clinical information was obtained on only 
66 patients.    Acute and convalescent sera were obtained on 58 and sputum 
for viral isolation from 50. 

Preliminary serology results were negative for leptospirosis, 
typhus,  psittacosis and melioidosis in all;  positive cold agglutinlns in 
10 patients; high acute and convalescent titers to  influenza A2 in three 
patients. 

Sputum virus isolation was negative in 46 patients;  Influenza 
A2 grew in one specimen and an unidentified virus  in another.     Six speci- 
mens are still being examined. 

The CF test for mycoplasma (SEATO Laboratory) was positive in 
21 of 58 serum pairs tested  (36.7%). 

Routine culture and sensitivity revealed mainly normal flora. 
Two patients had bacterial pneumonia and two had positive AFB smears and 
were evacuated.     Fungus  cultures were positive for Candida in a large 
number of cases. 

The disparity between the mycoplasma CF tests and cold aggluti- 
nation is apparent. 

e. Discussion:    Cold agglutinlns are fairly nonspecific;  additionally 
if the red cells are not separated from the serum before refrigerating 
the blood,   the test will be negative.     The CF test  is reliable but is 
more apt to be positive if the serum was collected later in the course 
of the illness than was obtained in this study.    Thus,   the incidence of 
pneumonia due to Mycoplasma pneumoniae could actually have been higher 
than was observed. 

1086 



«■ n    '   "  

Correlation of the laboratory with the clinical data is  in 
process. 

f. Conclusions:    Mycoplasma pneumoniae is an important etiologic 
agent  in patients with pneumonia admitted to the 3rd Field Hospital in 
Saigon during this period.     Inasmuch as erythromycin has been shown to 
be effective in Mycoplasma pneumoniae patients of the same age  group, 
this antibiotic should be considered  for use in suspected cases. 

g. Recommendations:    An epidemiologic study of Mycoplasma pneumoniae 
patients should be carried out,   perhaps  starting in the Saigon-Long Binh 
area.     Serological studies should be carried out in representative areas 
throughout Vietnam.    The availability of laboratory methods should in- 
crease,  particularly of cold agglutinins and CF tests.    A Mycoplasma 
culture capability should be made available,  perhaps with the assistance 
of the 406th Medical Laboratory in Japan.    Antibiotic sensitivity patterns 
should be developed in order to compare SE Asian sensitivity patterns with 
those  found elsewhere. 

3.     Recovery of Unpassaged Dengue Virus. 

a. Statement of the problem:    Unpassaged dengue virus material 
from Vietnam is needed for primate studies,  antigen characterization, and 
for reference seed stocks. 

b. Background:    For two years the Dengue Task Force of the Commission 
on Viral Infections of the Armed Forces Epidemiological Board had voiced 
the need to obtain large quantities of  fresh (i.e.  unpassaged)  dengue 
virus  from Vietnam.    The Dengue Task Force discussed the appropriate 
methodologies  for collection.     To assist in obtaining USARV approval, 
the AFEB sent a formal recommendation to The Surgeon General stating that 
the withdrawal of a unit of blood would not affect the course or clinical 
outcome of any person with a disease resembling dengue. 

c. Approach to the problem:    Arrangements were made with the medical 
services of the 3rd Field Hospital in Saigon,  the 93rd Evacuation Hospital 
in Long Binh,  and the 15th Evacuation Hospital in Cu Chi to collect ma- 
terial.    A clinical summary sheet was prepared to be used in each case. 

Patients selected had symptoms  compatible with dengue  for less 
than 72 hours at the time of blood collection.    Blood donation was volun- 
tary.    Venous blood was collected (300  - 500 ml)  into sterile bottles and 
allowed to clot.    The serum was separated aseptically and transferred 
into sterile containers,   stored at -70° C.,  and was shipped in batches 
under dry ice to the SEATO Medical Research Laboratory in Bangkok for 
virus isolation. 

d. Results:     In the three hospitals during the 3% month period 
(19 Sep 69-7 Jan 70)  only 22 patients were admitted with dengue  in- 
cluded in the differential diagnosis who had had symptoms for  less than 
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72 hours.  Blood was obtained in each of these.  However, no dengue 
viruses were Isolated. 

Convalescent sera were obtained in only 4 of the 22 cases. 
These were tested by HAI for group A and B Arboviruses at the 9th Medical 
Laboratory and all were negative. 

e. Discussion:  It has long been assumed that dengue is a fairly 
common disease in Vietnam and that it coincides with the rainy season 
(June to early December). Yet this study collected only 22 patients 
from three large military hospitals during a 3% month period and none 
of these resulted in an isolation; four showed no serological rise. 

The reasons for the small number of patients are conjectures. 
Cooperation certainly was good on the part of the hospitals.  It is un- 
likely that the dengue season peaked early in 1969 because the rainy 
season began late that year (third week in June) . Another possibility 
Involves the difficulty in making the diagnosis since the symptoms are 
nonspecific. Another possibility is that physlcans fail to Include 
dengue in the differential diagnosis of a patient with fever; this is 
unlikely because they knew we were looking for patients. A more reason- 
able explanation is that for some unknown reason there was very little 
dengue virus circulating in the "coranunity".  Unfortunately, there are 
no records of confirmed cases at the Saigon civilian hospitals for these 
serclogical procedures are not available. The 9th Medical Laboratory 
reports Group B arboviruses only as a group; it uses a dengue II antigen 
and in its system obtains higher tlters from Jap B encephalitis than 
from dengue. During the period the 9th Medical Laboratory reported 
scattered cases of Group B arbovirus disease but very few from the III 
and IV CTZ. 

If some of the patients actually had dengue but we were unable 
to collect and isolate it, there are at least three possible explanations. 
First, the virus may be present in the blood (in Vietnam dengue) consider- 
ably less than 72 hours; by the time the patient has reported sick to 
the battalion surgeon, been observed for a day or so with negative ma- 
laria smears at the division clearing company, and then transferred to 
a hospital, 48 - 72 hours or more have have elapsed and the virus may 
no longer be circulating.  Secondly, the virus could have been lost in 
the collection, separation, transportation and storage of the material 
in Vietnam. This is more likely to have occurred, if at all, with the 
patients from the 12th Evacuation Hospital; it was least likely to have 
occurred with patients from the 3rd Field Hospital in Saigon.  Thirdly, 
the isolation techniques were at fault.  The latter is the least likely 
explanation because the SEATO laboratory has had a vast experience in 
this regard.  It is our judgment that the most likely explanation is 
the first. 

f.  Conclusions:  Obtaining unpassaged dengue material from U. S. 
patients was unsuccessful.  The probable reasons were a very low level 
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of virus  transmission during the study period,  the difficulty in diag- 
nosing the infection, and the time lapse between initial symptoms and 
arrival  through the chain of evacuation to the hospital. 

g.     Recommendations: The 9th Medical Laboratory data should be 
reviewed to confirm the season of group B arbovirus disease  for each 
hospital. 

Continuous liaison is necessary between the investigators and 
the staffs of the medical services of the hospitals. In a study where 
the input is sparse, continued cooperation and interest of the attend- 
ing doctors is difficult to maintain at a high level. 

The most likely method of success would involve  instant com- 
munication of the fact of a serologically confirmed outbreak of dengue 
(or group B disease) and then to visit the area and obtain specimens 
while the patients are still in the battalion aid station or in the 
division clearing company. 

4.    Plague Epidemiology and Surveillance 

a. Statement of the problem;    There is a continuing requirement 
to maintain laboratory surveillance over the epidemiological aspects 
of plague  in South Vietnam.    Most importantly there is a strong need 
for a single agency interface with the multiple private,  governmental, 
volunteer and military medical and public health organizations,  both 
U.  S.  and Vietnamese.    This is a report of such activities  for the two 
year period 1 May 1967 - 30 April 1970. 

b. Background;    Plague was  first described in Vietnam in 1898 in 
Nha Trang and since then has had a variable periodicity although there 
is probably a continuous  low level of endenicity.    Vivona, Marshall and 
Cavanaugh documented the current outbreak of plague (USAMKT Annual Pro- 
gress Report,  1 Sep 65 - 31 Aug 66) .    With Teschan they established a 
plague laboratory (Laboratory de la Feste)  in a new building located at 
the Institut Pasteur in Saigon.  The current work is a continuation of 
the efforts of these earlier workers.    The original goals were to (a) 
provide  laboratory surveillance for P.  pestis among Vietnamese civilian 
and military personnel and American and Free World forces;   (b)  train 
Vietnamese technicians in plague  laboratory techniques;   (c)  act as a 
central collecting agency for positive P.  pestis cultures  for research 
in the U.   S.; and (d) monitor antibiotic sensitivities to  insure that 
resistant plague has not been introduced. 

c. Approach:    A system for the receipt of human specimens  from 
military and civilian sources throughout the country had been well es- 
tablished.     These specimens were processed in accordance with standard 
laboratory procedures.    The majority of human specimens were sent by 
the Cho Quan (Infectious Disease)  Hospital in Saigon. 
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Rat trapping was performed setni-systematically throughout the 
Saigon area. Each afternoon (Monday - Friday) Institut Pasteur per- 
sonnel would set 20 - 30 rat traps and recover them the next morning. 
Trapping locations and number and species obtained were recorded and 
mapped.  Rodents were brought back to the I.P. where they were identi- 
fied and combed for ectoparasites.  Serology and cultures were performed 
using heart blood and spleen pools. Cultures were also prepared from 
flea pools. 

Rodents were regularly received from U. S. military installations 
throughout Vietnam, but largely from the Saigon-Long Binh area and the 
port cicies. 

d.  Results; 

(1)    Human Specimens 

No.   specimens received 
No.  patients 
No. specimens positive by culture 
No. patients positive by culture 
Source of Specimen for culture 

Bubo aspirates 
No. positive 
Blood 
No. positive 
Throat 
No. positive 
Spinal fluid 
No. positive 

3229 
2399 
624 (18.7%) 
568 (23.7%) 

1789 
490 (27.4%) 
630 
118 (18.7%) 
798 

9 (1.1%) 
12 
7 (58.5%0 

Antibiotic sensitivities were performed on all positive cul- 
tures. There were no startling departures from the usual sensitivity 
patterns. 

(2)  Rodent Trapping in Saigon 

Total No. 
Total No. 

Rattus 
Rattus 
Rattus 
Rattus 
Rattus 
Rattus 
Suncus 
Suncus 
Suncus 

rodents 
fleas 
norvegicus 
norvegicus fleas 
norvegicus flea index 
exulans 
exulans fleas 
exulans flea index 
murinus 
murinus 
murinus 

fleas 
flea index 

7998 
8875 
4702 (58.8%) 
6379 (71.8%) 
1.36 
1887 (23.6%) 
1550 (17.4%) 
0.82 
1409 (17.6%) 
946 (11.8%) 

0.67 
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(3)  Rodents trapped at U. S. Military Installations 

Total No. rodents 6975 
Total No. fleas 7995 

Rattus norvegicus 2095 (30.0%) 
Rattus norvegicus fleas        5971 (74.67») 
Rattus norvegicus flea index   2.85 

Rattus rattus 2273 (37.5%) 
Rattus rattus fleas 1256 (15.7%) 
Rattus rattus flea index      0.55 

Bandicoot species 1388 
Bandicoot species fleas        324 (4%) 
Bandicoot species flea index   0.23 

Rattus exulans 705 (10.1%) 
Rattus exulans fleas 183 
Rattus exulans flea index      0.26 

Suncus murinus 514 (7.3%) 
Suncus murinus fleas 272 (3.4%) 
Suncus murinus flea index      0.53 

(4) Positive Cultures from Flea Pools 

Rattus norvegicus 9 
Suncus murinus 3 
Rattus rattus      1 

Total:  13 

(5) Positive Cultures from Spleen Pools 

Rattus norvegicus 2 
Rattus rattus 2 
Rattus exulans     1 

Total:  5 

e.    Discussion:    The human specimens were received from areas 
throughout Vietnam.    Occasionally they would be a week or more old at 
receipt,  but if transported in Cary-Blair or similar media,  they were 
usually satisfactory. 

All technical phases of the work were performed by Institut 
Pasteur personnc! working under the supervision of USAMRT non-commissioned 
officers.    There was no commissioned laboratory officer present during 
most of the two-year period.     During the second year it became apparent 
that the Fraction I antibody positively rates were inconsistent and low, 
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in the order of 1:200.    Although minor technical errors were corrected, 
it became apparent that the difficulty was probably the antigen which 
had been stored for several  years.     Because of the lack of confidence in 
the Fraction I ser^logy,  no results are reported. 

The method of trapping does not yield confidence in the results 
as an indicator of the magnitude and distribution of rodents in the 
Saigon area.    The Institut Pasteur personnel give the impression of 
haphazard placement of traps,   their precise locations governed by con- 
venience.    Another problem is trap thefts.    Consequently,   the pattern 
has evolved of baiting the trap and merely handing it to a householder. 
A conmon observation is the collection of a sprung trap (minus the bait) 
the next morning.    Vietnamese fondness  for rat meat has been frequently 
alleged as a barrier to successful rodent collection. 

The most common rat  in RVN is Rattus norvegicus.     In numbers 
it constituted three-fifths of the  rats trapped in Saigon.    Yet it con- 
stituted only one-third of the rats trapped on U.  S. military installa- 
tions where it was equalled in numbers by Rattus rattus.     It is curious 
that not one Rattus rattus was trapped during a two-year period of 
trapping in Saigon which caught 8,000 rats.    The same Vietnamese per- 
sonnel were making the identifications. 

Flea indices by area and by rodent species were maintained at 
monthly intervals.    The natural monthly variation was not influenced 
during the time frame of the increased incidence of plague in the Saigon 
area (Jan - Feb 1970) .    The heaviest concentration of plague patients 
during this period came from Hau Nghia province,  to the immediate north- 
west of Saigon, but no trapping was performed in this province.    Rattus 
norvegicus also had had the highest  indices,  both in Saigon as well as 
Ü.  S. military installations.     These patterns are consistently observed 
in the areas of Vietnam monitored by the K0FREM teams. 

All fleas identified were Xenopsylla cheopis.     Of several hundred 
flea pool cultures, only 13 were positive during the two-year period and 
9 of these were from Rattus norvegicus.    Only five spleen pools were 
positive.     The magnitude of this effort in the  face of so little return 
suggests that these procedures be evaluated for discontinuance,  their 
role being relegated solely to special investigation rather than routine 
surveillance. 

f.     Conclusions:    There is a continuing need to maintain a strong 
laboratory support of plague surveillance activities.    The  laboratory 
should possess,   in addition to high  technical  competence,  ease of ad- 
ministrative and geographic access  to contributing organizations.    Rapid- 
ity of feedback of information to the healthy workers in the field is a 
neglected  feature of importance. 

A continued public health  laboratory diagnostic capability is 
most  important.     Over two years  3329 specimens  for culture were received 
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from 2399 patients.  Only one-fourth of the 1789 bubo aspirates were 
positive, Indicating the difficulty of obtaining the specimen plus the 
drying out If transportation was delayed. 

Eight thousand rodents were trapped, identified, and combed 
for fleas.  Rodent "censuses" by geographic area and flea indices by 
month were maintained. This Information was not observed to be applied 
in any practical fashion during the second year of the report period. 

The small number of positive flea pools (13) and spleen pools 
(5) causes the question to be raised concerning the practicality of 
continuing these procedures. 

Results on Fraction I aerology performed on the rodents' heart 
blood were untrustworthy, probably due to deterioration of the antigen. 

Rattus norveglcus was the most connon rodent and also had the 
consistently highest flea index. 

g. Recommendations: 

(1) A plague diagnostic capability must continue, preferably 
as part of a large public health laboratory. 

fashion. 
(2) Rodent trapping should be conducted In a more systematized 

(3) Methodology and reagents for Fraction I antibody serology 
should be corrected. 

(4) Except for special studies, culture of flea pools and 
spleen pools should be discontinued. 

5. Bacterial Enteropathogens in Vietnam 

a. Statement of the problem: Vietnam is an area where bacterial 
diarrheas and cholera are endemic and epidemic. Diarrhea causes a con- 
tinuous drain on manpower and efficiency in Vietnam. 

b. Background:  In 1965 Vlvona et al. established diagnostic and 
surveillance procedures for bacterial diarrheas and cholera (see USAMKT 
Annual Report, 1 Sep 65 - 31 Aug 66). The purpose was to (a) gain in- 
formation concerning the distribution of various enteropathogens in the 
Vietnamese civilian population that might affect U. S. troops; (b) assist 
American medical personnel with a specialized enteric bacteriology 
laboratory; and (c) train Vietnamese civilians in modern methods of cul- 
ture and identification of enterobacteriaceae.  During its early days 
the laboratory was a diagnostic center for American military doctors, 
and later became a reference center.  Its primary purpose of gaining 
experience with diarrheal flora of Vietnamese was gained through receipt 
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of specimens from two sources Che Quan (Infectious Disease) Hospital and 
Nhi Dong (Children's)  Hospital. 

c. Approach to the problem;    The current work Is a continuation of 
that  previously reported by Vlvona and subsequent authors.    The methodol- 
ogies for isolation,   identification, and antlblogram studies are those 
previously established.     The current report period is   1 May 1969 to 
30 April 1970. 

d. Results:    The enteric pathogens laboratory received 2799 
diarrhea specimens  from Vietnamese patients with diarrhea.    The source 
was  principally the Cho Quan Hospital in Saigon.     Only during the first 
three months did the  laboratory receive specimens  from Nhi Dong  (Children's) 
Hospital.    An enteric pathogen was Isolated in 879  (31.4%) of the speci- 
mens. 

No. % of Pathogens 

Shigella sp. 219 24.9 
Proteus sp. 182 20.7 
Salmonella sp. 141 16.0 
V. cholerae 103 11.7 
Providencia 90 10.2 
Paüh. E. coll 80 9.1 
Fseudomonas 55 6.3 
Alkalescens-dispar 9 1.0 

879 99.9 

It should be noted that the Fseudomonas,  E.   coll and Proteus were 
isolated during the months of May, June, and July when the laboratory was 
receiving pediatric specimens.    The 80 pathogenic E.   coll included 11 
different serotypes; 025,  B19,  B23 were the most common.    P. mirabills 
was  the most common Proteus  species,  followed by P. morganii.    Proteus 
was  reported out only in children under 15 years of age. 

The 141 Salmonella isolates Included 23 species,  two of which 
were untypable and were  forwarded to WRAIR Washington for further study. 

Salmonella Group No. 

A 2 
B 91 
C 6 
C2 5 
D 15 
E 6 
El 16 

Total   141 
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In the group B Salmonella,  S^  java was most comnon (50 Isolates) 
followed by S.  paratyphi B (27 Isolates). 

Seven species of Salmonella were isolated for the first time: 
S.  stourbridge.  S.  tshiongwe, S.   canada,  S^.  essen. S.  Stanleyville. 
S. anaterm. and S.   calrtna. 

The 219 Shigella Isolates were: 

S. flexneri 160 
S. sonnet 37 
S. dysenteriae 16 
S. boydii  6 

219 

d. Discussion of results;    The quality of the laboratory work was 
unquestionably of a very high order.    Miss Nguyen Thi Nhu Tuan,  the 
technician in charge of the laboratory,  deserves special recognition for 
her skill and competence.    While the results are valid, their interpre- 
tation and utility from a public health viewpoint are open to question. 
The laboratory serves as a public health diagnostic center for Saigon 
and surrounding regions.    Unfortunately it received specimens primarily 
from two hospitals during the first four years and primarily from one 
hospital during the last nine months.    Thus  it hardly portrays the true 
picture of diarrheal disease throughout the Saigon area.    Nevertheless, 
the laboratory provides an extremely important service function and 
should be continued although its support should be assumed by a Vietnamese 
civilian public health agency.    The chief value of the laboratory to 
WRAIR is that  it maintained a highly skilled capability into which various 
diarrheal investigations could be  (and were)  thrust at virtually no addi- 
tional expense beyond media supplies. 

e. Conclusion;    During the period 1 May  1969 to 30 April 1970 the 
Enteric Pathogens Laboratory received 2799 specimens with 879  (31.4%) 
positive for enteric pathogens.    There were  103 cholera isolates  (all 
El Tor Inaba).     Pathogenic E.  coll.  Proteus sp.  a^d Pseudomonas sp.  were 
commonly observed in specimens from children,  but these were sharply re- 
duced when the Nhi Dong (Children's) Hospital developed its own bac- 
teriology laboratory. 

The results of the Enteric Pathogens Laboratory possess confi- 
dence but their public health significance  is questionable because they 
represent a siuall and uncertain proportion of the diarrheal disease  in 
the Saigon area. 

f. Recommendations:     The enteric pathogen public health laboratory 
function be assessed by a Vietnamese public health agency. 
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6.    An Outbreak of Leptospirosis among Korean Troops in Vietnam 

a. Statement of the problem:    To further define and investigate 
leptospirosis as  it exists  in the Republic of Vietnam. 

b. Background:     Leptospirosis is endemic in Vietnam but its spotty 
distribution is poorly understood.    Although French troops experienced a 
great deal of difficulty with this disease,   it has not been a major prob- 
lem to U.  S.   troops  in terms of either its severity or its frequency. 
This study is a retrospective clinical and laboratory analysis of an 
outbreak experienced primarily by two companies on a regimental-sized 
operation of Korean troops. 

c. Approach:    Hospital charts of 35 patients were made available 
and were translated.     Of  these,  30 had had serological studies performed 
at the 9th Medical Laboratory drawn during their illness.    All patients 
were hospitalized at the  102nd Evacuation Hospital in Nha Trang. 

d. Results:     Of the  35 patients,  3 died,  357,, had hemorrhagic mani- 
festations and 40% exhibited some degree of jaundice.    Most had respira- 
tory symptoms. 

Twenty had serological evidence of leptospirosis.    Unfortunately 
sera were not examined  for specific sorotype. 

A report is being prepared describing the clinical and epidemio- 
logical findings. 

e. Conclusion:    Leptospirosis can be a severe disease in Vietnam. 
The total number of cases  involved in this outbreak is probably 50 - 75, 
which would place the case fatality ratio at 4 - 6 per cent.    Pulmonary, 
hemorrhagic and  icteric  features were present  in a large proportion of 
the patients. 

f. Recommendations:     A laboratory capability  for the study of lepto- 
spirosis should be available to investigators in Vietnam.    This capability, 
currently being furnished by the 406th Medical Laboratory in Japan,nust 
include agglutination lysis tests to establish specific serotypes.    Epi- 
demiologie studies and seasonal geographic mapping of the disease are 
needed. 

7.     Plague in Vietnamese  Civilians -- Clinical and Laboratory Study. 

a. Statement of the problem: Although a great deal of clinical 
infonnation concerning plague had been obtained, there is a striking 
lack of biochemical  information correlated with clinical findings. 

b. Background:     Experience during the past  four years has failed 
to confirm initial fears  that plague might significantly affect American 
military personnel in Vietnam.    The number of cases in U.   S.   personnel 
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has been restricted to a mere handful,  and antibiotic resistant strains 
have failed to emerge.    Nevertheless,   the possibilities of antlgenic 
shifts,  antibiotic resistance and introduction into U.   S.   port cities 
remain at  least a theoretical consideration. 

c. Approach to the problem;    The only hospital in Saigon which 
cares for plague patients is the Cho Quan (Infectious Diseases) Hospital. 
Arrangements were made with hospital authorities to examine and obtain 
specimens  from suspected plague patients.    A clinical summary sheet was 
devised and with the assistance of a senior medical student,  Nguyen Ngoc 
Linh, was completed for each patient.     Bubo aspirates were drawn and 
smears were performed by Cho Quan personnel;  cultures were performed at 
the USAMKT - Institut Pasteur plague  laboratory.    Blood was drawn for 
culture,  hematology, clinical chemistry and serologic studies.    Throat 
cultures were taken from the patient and from all persons accompanying 
the patient to the hospital. 

d. Results;    The study took place during March and April 1970. 
This was a time of increased incidence of plague in the Saigon area, 
particularly In the Hau Nghla Province to the northeast. 

There were 122 patients admitted to Cho Quan with the diagnosis 
of probable plague during the study period.    Most patients  (85.7%)  came 
from Hau Nghla Province and most of these came from the Cu Chi district. 
There were 57 males and 55 females and 70.5% of the patients were under 
age 21. 

A swelling or bubo was present  in 91.1% and was complained of 
by 36.6%.    The bubo was single in 83.3%.    The most common site of the 
bubo was the  femoral region followed by inguinal,  cervical and axillary 
regions.     Only one patient with generalized lymphadenopathy had bac- 
teriological ly confirmed plague.    Epltrochl«ar and axillary Involvement 
of the same arm occurred in four patients with confirmed plague. 

Bacterial confirmation of plague occurred in 55  (49.1%)   includ- 
iiig six of the eight patients who died. 

Of the 41 patients who had been previously vaccinated,   16 had 
confirmed plague.     Only 11 had received vaccine (live, manufactured by 
the Institut Pasteur)  2 weeks to 6 months prior to admission. 

Bacteriological Results; 

Positive direct smear 25.0% 
Positive bubo culture 42.0% 
Positive blood culture 24.1% 
Positive throat culture 1.7% 
Positive throat  (contacts) 0 

Serology  (Fraction I hemagglutlnation)  showed a rise  in 22 con- 
firmed and 10 non-confirmed patients. 
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The mean hematocrit was 35% for both confirmed and non-confirmed 
patients.    The initial WBC was invariably elevated and a few patients 
had very high counts  (40 - 80,000) .     Serum sodium and potassium levels 
were normal as was the serum creatinine.     However the BUN was elevated 
in those patients who were clinically dehydrated aid vomiting.     The SG0T 
was abnormal  (>40 units) in 60% of the confirmed and 41.6% of the non- 
confirmed cases.    The alkaline phosphatase was abnormal (>50 units)   in 
73.6% of confirmed and 60.0% of non-confirmed patients. 

e. Discussion:    The clinical  features of these patients were sim- 
ilar to previous descriptions of the disease.    The abnormal liver func- 
tion tests  (SCOT and alkaline phosphatase)  were an interesting finding 
which may possibly be   -elated to septicemia or to the plague bacillus 
itself or one of its products.    The significance of the abnormal liver 
findings are not apparent beyond the fact that plague is a disease of 
profound systemic manifestations. 

Only 42% of the bubo aspirates were bacteriologically confirmed. 
This may relate to the fact that many patients had been started on anti- 
biotics as a home remedy (most antibiotics are readily available,   like 
aspirin,   in Vietnam)  or to the  fact that organisms are located  in the 
lymph gland lying deep within the large inflammatory bubo. 

f. Conclusions:    Clinical,  bacteriological and biochemical studies 
were performed in 122 consecutive Vietnamese civilian patients admitted 
to the Saigon infectious disease hospital with the diagnosis of plague. 
There were 8 deaths.    Bacterial confirmation was obtained in only 55 
patients.     Liver function studies were abnormal in two-thirds of the 
patients. 

8,    The Relationships of Malaria with Blood Groups. G-6-PD Levels,  and 
Hemoglobin Patterns. 

a. Statement of the problem;    The  frequency and severity of malaria 
in various populations have been shown epidemiologically to be  influenced 
by blood groups,  by G-6-PD levels,   and by hemoglobin patterns.     The 
question arises as  to whether these influences might be observed in U.   S. 
troop populations experiencing clinical malaria. 

b. Background:    An epidemiologic correlation has been shown between 
a high blood group B gene frequency and the presence of endemic  falciparum 
malaria in the population.    Secondly,   the  severity of a malaria infection 
may depend in part  on the presence of a common antigen,  namely blood 
group A substance,   in the parasite.     It has been suggested that the 
naturally occurring anti-A antibody in individuals with blood group B or 
0 might inhibit  the  invading organism.     In addition,   in a person with 
blood group A,   antibody may be made against the A substance of the para- 
site which might combine with host red cells and produce a hemolytic 
reaction.     A high anti-A agglutinin titer has been observed in patients 
with malaria.     Thirdly,  as a part of this  investigation,  data concern- 
ing G-6-PD and hemoglobin patterns would be collected and related to malaria. 
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c. Approach to the problem;     U.   S. military personnel admitted to 
the 6th Convalescent Center with a diagnosis of falciparum malaria were 
studied.    A control group consisted of afebrile surgical patients recover- 
ing at the same hospital.    Vietnamese, Cambodians and Montagnards associ- 
ated with Special Forces camps were also studied.     Each patient had a 
malaria smear and venous blood was then collected for ABO grouping,  Rh 
typing,  G-6-PD determination,   isoagglutinin titers,  and hemoglobin 
electrophoresis. 

d. Results:    The study is  in progress.    To date,   178 U.   S. military 
malaria patients and 146 controls have been sampled.    Also 365 indigenous 
personnel without malaria have been examined. 

e. Conclusions and Reconmendations:    None at this time. 

9.     Congenital Malformations.  Hydatidiform Moles,  and Stillbirths in the 
Republic of Vietnam,   1960-1969. 

a. Statement of the problem: Has the military use of herbicides in 
Vietnam influenced the frequency of birth abnormalities among Vietnamese 
people? 

b. Background;    A 1969  study reported an increased  incidence of 
developmental abnormalities in rats and mice born of mothers which had 
received 2,4,5-D and 2,4,5-T.    Herbicides containing these compounds have 
been used for military purposes  in Vietnam.    Subsequent  investigations 
revealed that dioxin,  a contaminant varyingly present in the manufactur- 
ing process, was a primary cause of      * teratogeny.    A great debate arose 
in the  lay and scientific press over tu    ise of herbicides and their 
possible harmful effects. 

c. Approach to the problem:A steering committee of high level MACV, 
MOH,  and USAMRI personnel was organized.    It determined that a pilot study 
was necessary to determine the availability and accuracy of obstetrical 
records  in Vietnamese medical  facilities and to develop techniques  for 
review and interpretation.    The pilot survey was successful and was ex- 
tended throughout the country. 

In all but four hospitals a Daily Summary Ledger,   prepared by 
the chief midwives,  served as the primary source document.     This con- 
tained 15 - 20 pieces of information and always contained at  least the 
following:     hospital admission number;  patient's name,  age,   parity and 
date of admission;  presentation,   time,  and method of delivery;  baby's 
sex,  weight,   and general condition at birth; placenta weight;   estimate of 
blood  loss;   and name of person attending.    A "remarks" column recorded 
such information as vacuum extraction,  reversion,  placenta delivery assist- 
ance,   cesarean section and indication,  blood transfusion,   uterine revision 
maternal or infant complications and  results,  and congenital malformations. 
The accuracy of the information in the Daily Summary Ledger was tested 
in each hospital by comparing it  to  random samples  of individual medical 
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records;  no discrepancies were found in several hundred such comparisons. 

At three provincial hospitals no Daily Summary Ledger was kept. 
Here every  individual ob-gyn record available was individually examined. 

Tu-Du Hospital in Saigon,  the country's largest maternity hospital, 
employs a system of automated data processing.    The system uses manual 
coding of the  information derived from hospital records,   transposition 
to punch cards, and compilation.    The system specifies eighteen malfor- 
mation types;   these include all those commonly observed,   the remainder 
being categorized as unspecified. 

Abortions were distinguished from stillbirths by a recorded fetal 
weight of less than 750 grams. There were very few that weighed less 
than  1500 grams. 

Malformations were counted in both liveborn and stillborn infants, 
but not  in abortions.    More than one malformation was occasionally re- 
corded for a single infant, but in no case were more than three malfor- 
mations recorded for a single birth. 

Hydatidiform moles were counted only if delivered. 

Twenty-two hospitals were visited.    All are public hospitals  in the 
MCH system.     They include 6 districts,   13 provincial,  and 3 capital 
hospitals representing all geographic areas.    Data were collected for 
the decade  1960-1969 in order to include several years before and after 
the military use of herbicides. 

d. Results: A total of 499,119 birth events were counted. These 
include 480,087 livebirths, 16,166 stillbirths, and 2,866 hydatidiform 
moles.     In addition,  2,355 malformations ox all types were counted. 

There is a relative lack of data for the first half of the decade, 
this period contributing onl> one-third of the data. 

The data have been arranged by hospital, by region and by year 
in order to compare the annual and geographic variations in incidence 
rates  for stillbirths, moles,  and malformations. 

Only obvious congenital malformations were recorded.     Of the 
2,355 malformations,  forty per cent were not specified to type in the 
Ledger nor in the individual medical  records.    Anencephaly,  cleft  lip/ 
palate,   clubfoot and hydrocephaly accounted for over 80% of all speci- 
fied malformations.     Congenital heart disease was not recorded.    There 
were no autopsy records.    Unusual deformities,  such as those associated 
with thalidomide,  were not observed. 

Information was collected concerning the number of acres  sprayed 
annually in Vietnam.    Prior to 1966,   there was comparatively little use 
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of herbicides.     Since  1966,   over 800,000 acres were  sprayed annually. 
The data was grouped into the two time periods,   1960-1965,and 1966-1969. 

During the decade there was a gradual decline  in the countrywide 
stillbirth rates and stable mole and malformation rates, weighed by the 
Saigon experience which contributed 59% of the data. 

Sorting the data into two time periods,  before  (1960-1965)  and 
after  (1966-1969),   the  large  scale military use of herbicides failed to 
show any influence of herbicides.    Rather,  a downward trend was observed 
in all categories of abnormal birth events:     The stillbirth rate  fell 
from 36.1 to 32.0,   the mole  rate from 6.6 to 5.6,   and the malformation 
rate  from 5.5 to 4.5 per  1,000  livebirths.     These  rates are within ranges 
reported for other Asian populations. 

e.    Discussion of the results:    This study can be criticized because 
it does not directly test a relationship between herbicides and birth 
abnormalities.     Such an assessment would require prospective studies with 
an examination of one population before and after exposure,  or examination 
of two comparable populations with only one exposed to herbicides.     The 
study would require  information on the precise dose  of herbicide received, 
the week of pregnancy,   careful examination of newborns and follow-up ap- 
praisal.    All stillborn and  infant deaths would require post-mortem 
examination.    The dose of herbicides could then be  related to embryolo- 
gical development of malformations.    Such a study  is  obviously impossible. 

The current  study has several biases.     First,   nearly all the 
Information was derived from population centers and the larger hospitals. 
Secondly,  there are no data from private medical sources.    Thirdly,   the 
data are almost exclusively restricted to ethnic Vietnamese. 

Untoward events  limited the availability of records at many 
hospitals.    These include a mortar round in the record room,  a flood, 
records  loaned and  lost,   administrative disposition of records,  and the 
1968 Tet offensive. 

During the earlier part of the decade some hospitals recorded 
an unrealistically low number of ah;:;.'       birth events.    Many personnel 
at these hospitals were  frank in admitting incomplete reporting during 
those years.    Most of ehe hospital directors had been newly appointed 
and  improvement in record keeping occurred coincident with their assign- 
ment.     This has resulted in more complete reporting during the latter part 
of the decade and the data in some of these hospitals  suggest an upward 
trend where,  in fact,   one may not actually exist. 

Changes  in local obstetrical referral practices also influence 
rate changes in specific hospitals. 

The feasibility of relating the birth event data to the quantity 
of herbicide sprayed by year by province was  studied.     The records  for 
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each aerial spray mission were made available by MACV.    However,  it was 
not possible to determine what proportion of any province's  total yearly 
birth events had been collected by the study.    Our inability to obtain a 
consistent sample of birth events by province precluded meaningful corre- 
lation between herbicide and birth event data. 

f. Conclusions: Medical records at Vietnamese medical facilities 
(MOH public hospital system) were sufficiently complete and accurate to 
compile birth events data for the decade of the sixties. 

The study collected information on 480,087 livebirths,  16,166 
stillbirths,   2,866 moles and 2,355 malformations of all types from medical 
records maintained at 22 hospitals representing the Coastal,,   Interior, 
Capitol and Delta geographic regions. 

Sorting the data into two time periods, before  (1960-1965) and 
after  (1966-1969),  failed to show any Influence attributable to herbicides. 
The stillbirth rate fell from 36.1 to 32.0; the mole rate from 6.6 to 5.6 
and the malformation rate from 5.5 to 4.5.    These rates are within the 
ranges reported for other Asian populations. 

g. Recommendations;    Further expansion of this study to more cities 
and more hospitals would add little useful Information and is not warranted 
considering the enormous effort  required. 

Interest in abnormal birth events was stimulated wherever the 
study team visited.    Upon revisits, hospital personnel repeatedly informed 
us that they were now very careful to record all abnormalities,  including 
less significant ones,  and personnel were recording their description 
rather than merely recording the fact of a malformation being present. 
This new practice will probably result in .artificially higher rates for 
specific abnormalities and probably for all abnormal birth events during 
the succeeding years. 

10.    Methemogloblnemla and Malarial Prophylaxis in Vietnam 

a. Statement of the problem:    Antlmalarlal chemoprophylactic drugs 
In current use have the capacity to produce methemogloblnemla among U.   S. 
military populations taking different antimalarlals? 

b. Background;    Chloroqulne,   Primaqulne and Dapsone all have the 
potential capacity to produce cyanosis  (methemogloblnemla).     Conrad 
collected six American soldiers who became frankly cyanotic while taking 
antimalarlals and  found that  they had a markedly decreased level of nico- 
tinamlde adenlne dlnucleotide  (NADH)  methemoglobin reductase  in their red 
blood cells.     In normal persons methemoglobin forms after exposure to 
certain oxldant drugs and other chemicals,  but it is continuously con- 
verted back to hemoglobin by the enzyme.     It is  postulated that persons 
taking certain antimalarlals may maintain a continuous  low level of met- 
hemoglobinemia and that this may,   in some Individuals,   build  to higher 
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levels depending upon the relative deficiency  (or incomplete penetrance 
of the gene)  of NADH methemoglobin reductase in heterozygotes.     The  in- 
cidence of the enzyme deficiency is unknown.    The prevalence of subclinical 
levels of methemoglobinemia in combat  troops  in  long-term prophylaxis  is 
also unknown and may be significant. 

c.    Approach to the, problem:    Four groups were studied: 

(1) Control group on no medication 
(2) Chloroquine-Primaquine  (C/P)  alone 
(3) Chloroquine-Primaquine plus Dapsone 
(4) Chloroquine 

A history card was prepared on each subject. Because the C/P 
tablet is administered on Mondays to American troops, all bloods were 
drawn on Tuesday mornings.  Specimens were drawn in EDTA vacutainers, 
kept on ice, and determinations were run the same day. The method of 
Evelyn and Malloy (1938) as modified by Leahy and Smith (1959) was used. 
The upper limit of normal is 2.5% by this method. 

Initially several hundred specimens were obtained and frozen, 
stored under dry ice, and determinations performed at the conclusion. 
All the readings were unsatisfactory because of interference caused by 
the formation of some hemoglobin-albumin complex which caused extremely 
high readings.  Thus the study had to be repeated. 

d. Results; 

(1) Controls -  90th Replacement arrives who had never taken any 
antimalarials. 

No.   drawn        0%        1.0 -  2.5% 2.6 - 4.9% 5.0% 

68 54 13 10 

(2) C/P Alone  - 5/60 Inf Bn,   9th Div.     This division had never 
been on Dapsone and consistently had the best malaria record of all major 
units in Vietnam. 

No.  drawn        0%       1.0 - 2.5% 2.6 - 4.9% 5.0% 

117 64 53 0 0 

Examination of the fidelity  (history)   statements  revealed 
that of those soldiers who were reasonably faithful,  one-half have no 
measurable MetHb and one-half have measurable  levels but within normal 
limits. 

(3) Long-term  G/P Plis Dapsone  - Tropic Lightening Training 
Center (TLTC)  25th Division (similar to an NCO academy) and D 2/14 Inf, 
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25th Div.    This division consistently has had the best malaria record of 
all major units experiencing falciparum malaria. 

No.  drawn        0%        1.0 - 2.5% 2.6 - 4.9% 5.0% 

TLTC    85       20     35 28        2* 
D 2/14  102       28     46 25        3* 

7.4, 7.8, 6.7, 8.5, 9.3 

The combined experience is that 26% show no MetHb,  43% show 
measurable amounts but WNL,  and 31% show abnormally high  levels. 

Examining the  fidelity statements  is  revealing: 

Faithful (N=75)    Careless  (N=112) 

No MetHb 21% 29% 
WNL levels 40% 45% 

Excessive levels    39% 26% 

(4)     Short-term C/P Plus Dapsone -  7/17 Air Cav Sq,   1st Aviation Bde. 
This unit had been on haphazard and relatively unsupervised malaria pro- 
phylaxis.    Beginning 22 days before our visit an intensive campaign was 
mounted by the local medical staff to assure daily Dapsone and weekly C/P 
administration to include a medic standing in chow  line handing out the 
tablets and checking off a roster. 

No.  drawn 0% 1.0 - 2.5% 2.6 - 4.9% 5.0% 

168 103 49 15 

*6.7 

1* 

Only 39% had measurable amounts of MetHb in spite of the deli- 
berate and concentrated efforts to assure administration of chemoprophy- 
laxis.     This is contrasted with the 25th Div experience: 

25th Div 7/17 Dav 

No MetHb 26% 61% 
WNL levels 40% 29% 
Excessive levels 39% 10% 

Examining the  fidelity cards reveal that  140  (83%) were in the 
faithful categories.     Yet  of this group of 140,   59% showed no MetHb at 
all! 

(5)     Non-U.S.   Forces  -  Chloroquine plus Dapsone.     Earlier studies by 
USAMRT personnel had shown a varying but occasionally high degree of 

1104 

. —| g|  



*) deficiency of G-6-PD and other RBC respiratory enzjmies  in different 
native Vietnamese groups.    This  information aroused a certain reluctance 
to administer malaria prophylaxis because of the significant amount of 
hemolysis  to be expected in various  segments of this enzyme-deficient 
population. 

Because of planned recommitment to an extremely highly endemic 
area in War Zone D,   the B-36 Mobile Strike Force was placed on Chloro- 
quine and Dapsone.     Two months earlier it had experienced a severe 
epidemic of falciparum malaria in the same region. 

a.    Recon Co. 106 
After  14 das 
of C + D 62 

2.6  - 4.9% 5%+ 

5 1* 

2 0 

5.1 

Recon company had had by far the lowest attack rate of malaria 
during the earlier outbreak.     It had beeri on Dapsone alone  since April, 
but primarily when in the field.     Of the 61 serum pairs  collected,   28 
remained negative throughout, 26 showed a rise in MetHb and  7 showed a 
decrease.     This unit was comprised mostly of ethnic Cambodians. 

b.    Co A B 36 III MSF 

No.  drawn       0%        1.0  - 2.5% 2.6  - 4.9% 5.0%+ 

96 21 36 29 10* 

*5.3(2),  5.4,  5.5(3), 5.7,   6.6(2),   6.7 

This unit had been on C+D for three days. However, one-half its 
members had had clinical falciparum malaria (Rx with quinine) two months 
previously.     This unit was composed solely of ethnic Cambodians. 

c.    Co B 3-36,   III MSF 

No.  drawn       0%        1.0  - 2.5% 2,6 - 4.9% 5.0%+ 

97 52 36 

"14.6 

This unit had been on C+D malaria prophylaxis  for 2% weeks.    Yet 
54% had no MetHb and only 9% had excessive amounts.    The unit was  2/3 
Vietnamese and  1/6 Chinese and Cambodian each.     The MetHb distribution 
pattern was similar in each group.     The person with 14.6% MetHb was a 
Vietnamese and completely asymptomatic. 
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e. Discussion of the results: With the possible exception of the 
individual in Co B, III MSF, it is probable that the methemoglobin levels 
measured were merely the product of an oxidant drug rather than a defi- 
ciency of NADH methemoglobin reductase. None of the individuals were 
cyanotic and none had any complaints with reference to breathing diffi- 
culties. 

It is reassuring to demonstrate that C/P can be given to 117 U. S. 
troops and C/P + D to 355 other U. S. troops - all without difficulty. 
The 255 Vietnamese (mostly ethnic Cambodians) studied also revealed that 
C + D can be given to some groups without difficulty. 

The significance of these low but definite levels of MetHb is 
difficult to pinpoint. No behavioral (i.e., memory, vigilance, tracking) 
or physical tests were administered.  It is doubtful whether those persons 
with the higher measured levels would have fared poorly on such tests. 
The MetHb levels are not of major importance in themselves.  Probably the 
oxidation of respiratory ferroporphyrin enzymes of RBCs is more important, 
just as it is their depletion in iron deficiency and not the mild anemia 
which results that causes symptoms and impaired Ljdily function. 

f. Conclusions: Oxidant drugs, such as antimalarials, can result in 
measurable levels of methemoglobin in otherwise normal individuals. 

The following is a general set of rules drawn from this study: 

% Expected 
Category 0%   Measurable    Elevation    High 

No drugs 80% 15% 57. 0 
C/P 50% 45% 45% 0 
C/P + D 25% 45% 25% 5% 
C + D (Vietnamese) 40% 40% 15% 5% 

The above assumes reasonable or average level of fidelity of pro- 
phylaxis, and is intended to be a rough guide concerning the levels of 
MetHb to be expected under similar conditions. 

g. Recommendations:  Controlled studies should be accomplished, par- 
ticularly utilizing the more complex behavioral tasks, in order to determine 
if the levels of methemoglobin observed in this study, particularly in the 
range of 5 - 10% (600 - 1500 mg) are associated with a performance decre- 
ment.  If there is a decrement, then the combination of C/P with D should 
be avoided by certain groups, such as aviators, for routine prophylaxis 
even in endemic areas. 
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11.    A Field Trial of Griseofulvln in the Prophylaxis of Dennatophytoses. 
1969. 

a. Statement of the problem;    The high  incidence of dermatophytosis 
among U.   S.   combat troops operating in the Mekong Delta has strongly indi- 
cated the need  for an effective preventive measure. 

b. Background;     Skin diseases are the most significant cause of man- 
days lost from duty in one's proper MOS,  as has been reported in the 
Command Health Report of every combat unit operating in the Mekong Delta. 
The wet terrain,   particularly during the monsoon season,  and the require- 
ments of the tactical situation prevents the  regular drying-out of the 
skin needed to prevent fungal disease. 

The principal areas of involvement are the  feet,  groin,  and 
buttocks  followed by the belt line,  axilla,   trunk,  arms and face.     The 
most incapacitating areas of involvement  is the boot-sock area because of 
the  frequent secondary bacterial infection and pyoderma. 

Griseofulvin has proven of value in the treatment of dermato- 
phytosis since its introduction in 1958.    All  species of detmatophytic 
fungi have been found to be susceptible including that commonly found in 
the Mekong Delta,  Trichophyton mentagrophytes.     The  recommendation that 
griseofulvin be tested as a causal prophylaxis was first made by Blank 
in a 1967 report to the Armed Forces Epidemiological Board. 

c. Approach to the problem;    A maneuver battalion (3/47 Infantry) 
was selected for the study, which was underway four weeks when the battalion 
was abruptly sent back to the U.  S.    A second battalion (5/60 Infantry, 
also in the 9th Division)  was then selected.     The study ran for a period 
of two full months,  July and August  1969, during the monsoon season. 

Four rifle companies were involved in the study.    Two of the com- 
panies were placed on a daily dose of two 500 mg griseofulvin tablets and 
two companies were placed on placebo tablets made by the same McNeil die. 
Only combat MOS's were  involved.    All four companies vere engaged in the 
same type of tactical operations with  the same   frequency.    They spent  the 
same amount of time in the field and were exposed to the same type wet 
terrain.    Treatment and control groups were very similar in terms of speci- 
fic missions  (day or night ambushes,  checkerboards,   insertions and rein- 
sertions,  sweeps and patrols). 

The study began      with a thorough inspection of all  field troops 
and an initial form was completed.    Any soldier with dermatophytosis was 
excluded from the study.     The remainder were each given a Small plastic 
vial containing enough tablets, active or placebo,  to  last about two weeks. 

Each time a  company came  in for  "stand down",   about once every 
6-10 days,   the  troops were thoroughly inspected and vials  refilled.     Any 

1107 

MM« 

■ 



•  • '   « 

observed lesion was recorded on the body diagram form and was cultured 
on Dermatophyte Test Medium (DTM); the soldier was placed on treatment 
and was removed from the study. 

I 
i 

Cultures were identified and shipped to the University of Miami 
for confirmation. 

d. Results; Since griseofulvin requires about fourteen days to reach 
maximum levels in the stratum corneum, the data collected during the 
first two weeks of the study were excluded.  Results are: 

Cases/1000 
No. troops  No. cases  % involved  Man-days   man-days 

Treatment    159 15        9.5      4425       3.4 
Control     154        43       27.9      4285      10.0 

Total       313        58       18.5      8710       6.7 

Ninety-five per cent of the positive cultures grew T. mentagrophytes. 
There were no side effects. 

e. Discussion: The study showed a three-fold reduction in the in- 
cidence of dermatophytosls in troops on prophylactic griseofulvin. Yet 
it was the general consensus that both groups exhibited a marked drop in 
the incidence of all disabling skin diseases. This same pattern of dis- 
ease reduction had been previously observed in other battalions and by 
other investigators. Under these circumstances it is difficult to sort 
out the improvement due to the treatment from improvement due to an uneven 
"Hawthorn effect." The study can be criticized for its poor control design. 
Admittedly, the allocation of individuals into treatment and control groups 
by serial number would have been a superior course of action. 

Fidelity of pill-taking was probably optimum. The study team 
lived with the battalion throughout the period and occasionally accompanied 
the troops on short operations. Rapport was excellent with the hierarchy 
in each company, and the study aroused the interest and the cooperation of 
the senior sergeants.  Thus it can be said that this study was not a fair 
trial of the entire system, but rather represented a set of fairly favor- 
able circumstances to measure the activity of an agent under field condi- 
tions. 

f. Conclusions: Administration of 1 gm griseofulvin as a daily pro- 
phylaxis resulted in a three-fold reduction in the incidence of dermatophy- 
tosis in combat troops in the Mekong Delta. The study was inadequately con- 
trolled and occurred under favorable conditions. All skin problems in both 
treatment and control groups were reduced in number and frequency during 
the study. 

g. Recommendations: The study should be repeated with emphasis on 
testing the entire system under more natural conditions, i.e., without 
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the direct influence of the presence of the WRA.IR investigators stimulat- 

■«>    ing all parameters to improve. Additionally, the study should be better 
4>    controlled. 

12. A Field Trial of Griseofulvin in the Prophylaxis of Dermatophytoses - 
1970. 

a. Statement of the problem: A more rigidly controlled study of the 
entire griseofulvin-soldier-environment system is needed to better assess 
its capability to prevent dermatophytosis. 

b. Background: See previous study, this report. 

c. Approach: Two battalions were selected, 2/60 and 5/60 Infantry, 
9th Division, located in the Mekong Delta. The study was again limited to 
line companies, some 500 men per battalion initially eligible.  Assignment 
to treatment or control group was by SSAN.  The same procedures were used 
(or were attempted) as in the 1969 study.  The study began in one battalion 
in March and the other in April 1970 in ordur to bracket the rainy season 
expected in mid-June. 

Skin biopsy material was obtained for griseofulvin analysis. 

d. Results:  Only 491 individuals completed the study period of at 
least 6 to 8 weeks. 

Total 
Treatment 
Control 

2/60 Infantry 
Treatment 
Control 

5/60 Infantry 
Treatment 
Control 

It would appear that under these conditions that griseofulvin does 
not appear to exert any protective effect.  The data are being further re- 
fined and the biopsies processed. 

Surprisingly, not cne side effect was discovered. 

e. Discussion: The study was interrupted by frequent moves of the 
battalions and made difficult by the scattered locations of the companies. 
Much of the study occurred during the Cambodian campaign of May-June 1970 
and not in the Mekong Delta.  The weather was much hotter in Cambodia than 
in the Delta and there were many more hardships. Analysis of biopsies will 
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53 

7= 

238 22.3 
253 67 26.5 

106 24 22.6 
99 28 28.3 

132 29 22.0 
154 39 25.3 



mmmmmm prfM 

reveal whether the administration of the drug did not work because it 
was not  taken  (actually,  did not get  into the skin)  or because  its pre- 
sence in the skin did not protect. 

f. Conclusions:    A severe  field trial  of the entire griseofulvin 
system conducted in two battalions  failed to  reveal any protective effect 
of the drug. 

g. Recommendations:     Griseofulvin should not be adopted as routine 
prophylaxis  for dermatophytosis.    Additional  studies should be conducted, 
including field trials under other circumstances,   to more precisely define 
its value. 

13.    A Comparative Assessment of Pressure-Limited and Volume-Limited Res- 
pirators  for Long-Term Ventilatory Support. 

a. Statement of the problem:     Objective data comparing pressure versus 
volume-limited respirators is sorely needed in order to determine appro- 
priate criteria for  selection of the type of  respiratory assistance 
apparatus. 

b. Background;     Pressure-limited respirators  (Bird and Bennet)  had 
been in common use at U.   S. military hospitals  in Vietnam,  and volume- 
limited respirators   (Emerson and Engstrom)  were introduced on a limited 
basis.    The selection of the type of respirator was usually determined by 
availability rather than by objective criteria.    The clinical observation 
was soon made that some patients appeared to do better on Emerson (volume) 
respirators. 

c. Approach to  the problem:    All patients at the 24th Evacuation 
Hospital requiring prolonged ventilatory support entered the study.     In 
all there were  128 patients of whom 81 were  studied in detail.     Of these, 
42 patients were switched back and forth from volume to pressure-cycled 
respirator and vice versa on 65 occasions. 

All patients were carefully monitored clinically and were  followed 
with blood gas and pulmonary mechanics studies. 

d. Results:     Data collection is complete and is being analyzed. 
Rough preliminary results confirm the earlier clinical impression that 
volume-limited respirators are superior in certain patients. 

With  total  chest compliance as an indicator: 

No.   of Patients 

Improved   Worsened   Total 
Switch 
Pressure to Volume 28 4 32 
Volume to Pressure 6 27 33 
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With arterial oxygenatlon as an Indicator: 

No.   of Patients 

Improved Worsened Total 
Switch 

Pressure to Volume                   26 6                     32 
Volume to Pressure                      7 26                     33 

e.     Conclusions and Recommendations:    None,as yet.     It  Is anticipated 
that analysis of the data will provide guidelines  for which type of respirator 
Is most suitable  for several situations,   and also Indicate those  situations 
in which either type is suitable. 

14.    Analysis of Liver Injuries in Combat Casualties. 

a. Statement of the problem:    Experience and review of a  large number 
of liver Injuries are needed in order to assess the Influence of various 
operative and postoperative care procedures upon morbidity and mortality. 

b. Approach to the problem: All  liver injuries admitted to the 24th 
Evacuation Hospital were followed prospectively to determine what factors 
influence morbidity and mortality.    Clinical material was collected as well 
as liver function studies. 

c. Results;    Data collection is complete and is still being analyzed. 
There were 81 patients in the study.     Sixty per cent of the liver injuries 
were due to low velocity gunshot wounds or to shell fragments;   forty per 
cent were due to high velocity missiles  or to blunt trauma. 

Multiple  injuries were involved  in 76 (94%)  of the patients.    There 
were 21 deaths  in the series  (26%)  including five intraoperative deaths. 

Major  liver resections were performed in fourteen patients  (18%) 
with an operative mortality of 57% (8 of these patients died).     These 14 
patients received an average of 27 units of blood.    No patients  survived 
who received over 30 units of blood.     Conversely,   there was only one death 
in the patients who received less than 20 units. 

External biliary drainage was  employed in 22  (27%)  of the patients. 
Bleeding stress ulcers developed in 7   (32%)  of these 22 patients.     Conversely, 
only one patient   (1.9%) developed stress  ulcers of the remaining 54 who sur- 
vived the operation but were not drained exteriorly.     The severity of the 
overall injuries was the same in both groups,  their only difference being 
that the group who received T-tubes had more severe  liver injuries. 

There were four complications due to the T-tube and two of these 
patients died of hepatic Insufficiency. 
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d. Conclusions: The most effective methouj for the rapid control 
of hepatic hemorrhage are being compiled fcr each type and degree of in- 
jury. 

The data suggest a striking correlation between the diversion of 
bile by external drainage and the production of bleeding stress ulcers in 
severely injured patients. 

e. Recommendations; The association of external biliary drainage 
with stress ulcers should be looked for in other series of patients and 
followed up in the laboratory. 

15.  Use of Diuretics in the Treatment of Early Wet Lung Syndrome. 

a. Statement of the problem: Wet lung syndrome (WLS) has been a 
major factor in the morbidity and mortality of severely wounded patients. 
The goal was early identification of those patients developing WLS and 
demonstration of an effective therapy. 

b. Background: There have been numerous descriptive reports of WLS, 
the common factor being a major insult, traumatic or surgical.  The mechanisms 
for the development of WLS are obscure and perhaps multiple.  Isotopic 
techniques have recently shown that these patients have an apparent in- 
crease in pulmonary interstitial fluid.  Earlier workers at this unit 
reached the conclusion that in many instances WLS may be the result of 
excessive fluid given during resuscitation.  Certainly most of the pa- 
tients who develop WLS have been severely injured and have received large 
volumes of replacement fluid or colloid.  It is extremely difficult to 
determine the actual volume of fluid lost. 

c. Approach to the problem: During the period 1 January - 1 July 
1970 the 24th Evacuation Hospital performed major surgery on over 2000 
patients of whom 127 received postoperative ventilatory assistance. Ten 
patients entered the study.  Determinations were made twice daily for two 
days, then daily for three days, then every other day.  These included 
arterial gases, minute volume, tidal volume, and peak inspiratory pressure, 
from which the pulmonary compliance was calculated. All the ten patients 
were receivingventilatory support via tracheostomy and all had positive 
tracheostomy cultures (Klebsiella, aerobacter and/or pseudomonas).  All 
patients were on antibiotics.  None had thoracic injuries. 

Early in the study it was noted that when pulmonary compliance 
drops, a reason should be vigorously sought. As a rule, this was found 
to be due to heavy secretions, tracheostomy tube position, atelectasis, 
consolidation, or pneumothorax.  However in a few patients there was a 
rapid decline in compliance for no apparent reason; it was felt that this 
represented incipient or early WLS.  All ten patients had audible rales 
and two were in pulmonary edema. 

The amount of initial fluid replacement and the fluid balance from 
time of surgery were monitored.  The ten patients averaged over 11,000 cc 
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initial  replacement  (6,500  -  16,000 cc) .    Thereafter all  but one was  in 
positive  fluid balance until the  onset of WLS.    The onset of WLS occurred 
2-15 days post-injury with a mean of 5.2 days. 

Upon diagnosis of WLS,   CVP and chest x-ray were  taken.     Furosemide, 
40 - 80 mg. , was administered intravenously  (one patient also received 25 
mg ethacrynic acid).     Urine volume was measured over the next two hours 
and all  determinations were repeated 1\ - 1 hours  following therapy. 

d. Results;    All patients  responded dramatically with a striking 
increase  in compliance within 1%  -  2 hours.     In every instance this was 
accompanied by an increase in arterial oxygenation.     There was no change 
in CVP.     Urine output in the first  two hours averaged 2,165 cc with a range 
of 1,155  - 3,800 cc.     Both patients in pulmonary edema promptly cleared 
and rales decreased in 7 of the remaining 8 patients.    The eighth patient 
had pneumonitis.    Two of the patients were re-treated for  similar problems 
1 and 4 days later with similar results.    Seven of the patients were  long 
term survivors, breathing room air and maintaining arterial p02 greater 
than 80 mm Hg.    Three died of sepsis and head injury.    Autopsy in two were 
negative  for fat stains. 

This therapy was applied  to 3 cases of blast injury to the lung 
and was  found to be without benefit. 

e. Discussion:    Auscultation and chest x-ray showed a picture com- 
patible with fluid overload,  yet  the CVP was normal  in each.    This led 
to the postulate that  in some patients,   for reasons  that  remain obscure, 
the left ventricle may fail before  the right  thus allowing  fluid to accumu- 
late in the lungs without a concomitant rise in CVP.     If this situation 
does occur,   the clinician who relies heavily on CVP to guide fluid adminis- 
tration could easily administer an excess with eventual mobilization and 
accumulation in the  lungs. 

Prior to this study,   the  24th Evacuation Hospital had an average 
of over 2 deaths per month attributed to WLS.    During the  six months of 
the study and the three months  following there were no deaths attributable 
to WLS. 

f. Conclusions:     In patients with normal CVP a decrease  in pulmonary 
compliance and arterial oxygenation heralds the onset of WLS.     Treatment of 
ten patients with Furosemide resulted in striking improvement in compliance 
and arterial oxygenation and diuresis of 1,155-3,800 cc  --  all in 1% - 2 
hours.     Fluid balances  in these patients suggest overhydration to be  the 
etiology,   or at least a component,   of WLS. 

g. Recommendations;    The routine measurement of pulmonary compliance 
is suggested as a simple,   inexpensive and non-invasive method of detecting 
the early onset of WLS,  as well as  other problems  in patients requiring 
ventilatory assistance.    Therapy with strong diuretics is   indicated when 
WLS is  suspected. 
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Further studies on pulmonary artery and left atrlal pressures in 
WLS may contribute to our \inderstanding of this problem. 

16.    A Prospective Study of the Etiology and Mechanisms of Stress Ulcer. 

a. Statement of the problem;     Bleeding stress ulcer is a disastrous 
complication occurring in 6% of the  severely wounded  (SI and VSI) admitted 
to  the 24th Evacuation Hospital.     One-third of these patients die. 

b. Background:    This study is  a follow-on to earlier work performed 
by this unit.    The etiology of the disease is not understood,  and a ra- 
tional approach to prevention and treatment awaits clarification of the 
complex mechanisms involved. 

c. Approach: Injured patients were studied prospectively with se- 
quential biochemical and endocrine studies.    These include histamine, 
serotonin,   renin, angiotensin,  gastrin,  cortisol, urinary 17-OH keto- 
steroids and VMA.    Selected patients were examined by gastroscopy. 

d. Results: A total of forty patients were studied. Laboratory 
determinations are in process. Fifteen patients were gastroscoped and 
photographed. 

e. Conclusions and Recommendations;    None, as yet. 

17. Arterial Hypoxemia in Patients with Infectious Hepatitis  - Apparent 
Pulmonary Shunting. 

a. Statement of the problem;     In an earlier study of in-flight 
evacuation problems in surgical patients, hepatitis patients utilized as 
controls were observed to have significantly decreased arterial oxygena- 
tion. 

b. Approach to the problem;    Serial blood drawings were obtained on 
patients hospitalized with infectious hepatitis.    Blood gas  levels, oxygen- 
hemoglobin dissociation curves,  and 2-3 DPG levels were determined. 

c. Results: Material has been collected from 26 patients and is 
being analyzed. 

d. Conclusions and Recommendations:    None,  as yet. 

18. The Role of 2-3 Diphosphoglycerate in Oxygen Transport Following Massive 
Blood Transfusion. 

Statement of the problem;    Banked blood has  low levels of 2-3 DPG 
which  is necessary for oxygen transport from the hemoglobin molecule to 
the cell.    Massively transfused casualties may have a low level of cir- 
culating 2-3 DPG regeneration.     Similar studies were performed in patients 
before,  during,  and after air evacuation to Japan. 
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c. Results;    Laboratory samples on 32 patients are being processed 
at  the University of Pennsylvania and at USAMRL,  Fort Knox, Kentucky. 

d. Conclusions and Recommendations;    None,  as yet. 
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23. (U) To study militarily important diseases transmissible from animals to man. 
Specific emphasis  is on the improvement of treatment and control measures  for 
melioidosis and leptospirosis, improvement of laboratory diagnostic procedures 
for melioidosis,  determining natural history and occurrences of these diseases. 

24. (U)    Conventional  and  improvised microbiological  and chemical technics are used. 

25. (U)     69  07  - 70  06    To date,  in vitro tests  in single  or combined drugs  have pro- 
vided no new approaches for therapy of melioidosis.     Reported high efficacy of 
rifampin for melioidosis was not verified.    Factors relating to development and 
characteristics of smooth and rough cc .onial types of melioidosis organisms have 
been resolved and will serve to improve laboratory diagnostic procedures.    Approx- 
imately  300 cases of melioidosis  in servicemen have been affirmed at WRAIR since 
the winter of 1965-1966.    Ampicillin has high therapeutic efficacy  in experimental 
leptospiral infections  in hamsters and appears to  be  a promising drug  for treatment 
and prophylaxis.    For technical reports  see Walter  Reed  Army  Institute of Research 
Annual Progress  Report,   1 Jul 69 -  30 Jun 70. 
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Project  3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.  E.   ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 305, Military Medical Research Program, SEA, WRAIR - 
Zoonoses 

Investigators. 
Principal:    COL Stephen G. Asbill, VC 
Associate:    A.   D.  Alexander, Ph.D.; M.   Rogul, Ph.D.; L. Evans,  B.S.; 

A.  Warner, Jr.; S.  Schwarting, M.S.; L. Williams 

1.    Leptospirosis. 

Two newer antibiotics, rifampin and arapicillin were examined for anti- 
leptospiral activity using a previously developed hamster-infectivity 
system  (WRAIR Annual Report, 1966-1967).     Rifampin had no activity, 
whereas, ampicillin had high antileptospiral activity.     The activity 
of ampicillin was compared to that of penicillin G and aureomycin 
using the bataviae hamster-infectivity system.     In the initial tests, 
weanling 30 to U0 gram hamsters were infected with 75,000 organisms. 
Test drugs in a peanut oil base were given s.c.   in a single dose 48 
hours after infection using 5 animals per dose  level.     Findings are 
summarized in Table 1. 

Table 1.    Therapeutic Effect of Ampicillin, Penicillin G 
and Chlortetracycline for Weanling Hamsters Infected 

with Serotype bataviae  (1415)* 

Dose 
No. dead 
No. tested (MST)sW{ when treated with 

mg/Kg Ampicillin                  Penicillin G                   Chlortetracycline 

640 
160 
40 
20 
10 
5 

2/b 
1/5 
2/5 
2/5 
1/5 
2/f 

(13.0) 
(7.0) 
(7.0) 
(6.5) 
(5.0) 
(5.0) 

3/5 
5/5 
5/5 
5/5 
5/5 
5/5 

(6.0) 
(5.8) 
(5.8) 
(5.0) 
(4.8) 
(4.6) 

0/5 
0/5 
0/5 
1/5 (5 0) 
3/5 (5 0) 
4/5 (5 7) 

*  Animals infected i.p. and treated 2 days later.  Drugs gi"en in 
peanut oil base in single dose s.c. 

** Controls:  10/10 (5.1). MST = Mean survival time in days. 

The activity of ampicillin was comparable to that of aureomycin and 6u 
to 128 fold greater than that of penicillin G. 
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Additional tests were designed to determine the effect of delay  in 
treatment on the efficacy of the ampicillin as con.pared to penicillin 
G and tylosin in protecting adult hamsters  (120 to 140 grams) with a 
8-9 day course of fatal bataviae (1415)  infection.    For this purpose, 
preliminary tests were done to determine maximal tolerated doses 
which were chemotherapeutically effective.     Adult hamsters were  infected 
i.p. with approximately 1000 organisms and divided into groups of 5 
for treatment regimens.     Treatment was started on the third day after 
infection and continued for 5 days.     Drugs were given s.c.  twice daily 
at 6 hour intervals.     Tylosin was included to afford comparisons with 
previous findings  (Wood and Alexander, Antibiotics and Chemotherapy 
11:   592, 1961).    The results (Table 2) again provided evidence that 
ampicillin had greater antileptospiral activity than penicillin G. 

Table 2.    Therapeutic Effect of Ampicillin,  Penicillin G and Tylosin 
for Adult Hamsters  Infected with Serotype bataviae (1415) 

Dose* 
Treated Drug 

No. 
controls 

No. dead 
1  (MST)ft* dead 

Drug mg/Kg/day No. testec No. tested 

ampicillin 24 5/5 (8.2) 3/5 
12 3/5 (9.0) 2/5 
6 1/5 (8.0) 
3 1/5 (8.0) 

penicillin G 24 0/5 0/5 
12 3/5 (14.0) 1/4 
6 4/5 (13.8) 
3 4/5 (14.2) 

tylosin 24 
12 
6 
3 

0/5 
0/5 
1/5 
1/5 

(14.2) 
(14.0) 

0/5 
0/5 

* Drugs given 2 X daily s.c. for 5 days beginning on day 3 after 
infection. 

** Controls 7/7  (8.2).    MST = Mean survival time in days. 

In these tests ampicillin and tylosin provided comparable protection 
of hamsters at dosage levels of 3 and 6 mg/Kg/day.     Higher doses of 
ampicillin were toxic for hamsters. 

Tests to determine the efficacy of 3 antibiotics when treatment at 3 
and 5 mg/Kg/day was delayed 3 to 7 days were similarly conducted in 
bataviae-infected adult  hamsters. 
dose was lighter than anticipated. 
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controls was  8.9 days  (range 8-10 days) and 3 of 25 controls  survived 
instead of the planned MST of 8 days with 100% fatality.    Neverthe- 
less,  tests served to demonstrate not only the greater protective 
efficacy of ampicillin over penicillin G but also  its superior cura- 
tive properties for leptospiruria.     To determine leptospiruria,  sur- 
viving animals were killed on the  22nd day of the experiment  for 
microscopic, and if necessary,  for cultural examinations of kidneys. 
The  findings are summarized in Table  3.    Ampicillin protected all 
animals  at  both doses when treatment was delayed as  late as  7 days 
after infection.    The same protection was afforded by tylosin except 
for one death.    Forty-one of  50  hamsters treated with penicillin sur- 
vived and  leptospiruria was  found   in all groups of surviving  animals 
except  those given higher doses on the third day of  infection.    Lepto- 
spiruria was detected  in none  of the  ampicillin treated  hamsters.    The 
curative  property of ampicillin was  also greater than tylosin which 
had not  eliminated leptospiruria when treatment at  lower dose was 
started after the fourth day of infection. 

2.     Melioidosis. 

a.     Serological studies of human  cases.    Continued  support was 
provided to Armed Forces Medical Laboratories  for the  laboratory 
diagnosis of melioidosis.     During the period of this report,   69 cases 
of melioidosis were confirmed.     Approximately  300  cases  of melioidosis 
in U.   S.   Armed Forces personnel have  been affirmed by this  laboratory 
since winter of 1955-1966.     Laboratory diagnosis of melioidosis was 
also established for 2 veterans who  had served  in Southeast  Asia and 
in a newborn child at Tripler General Hospital. 

Evaluation of hemagglutination  (HA)  and complement-fixation  (CF)  tests 
for melioidosis based on test findings on sera from 185 proved cases 
were presented in the previous  annual report.    Findings were extended 
to include  27 additional cases.    New tabulations of data on correla- 
tion of HA  and CF test  findings  on distribution and range of  titers at 
different time  intervals during and  after the course  of disease were 
essentially the same as shown previously.    Additional clinical data 
were obtained to determine the relative occurrence of transient low 
titer or  seronegative  HA and CF reactions  in patients with  various 
types of infection, and also,  to evaluate the possible clinical sig- 
nificance of persistent antibodies.     The types of serological reac- 
tions observed from 8 days  to  6 months after disease onset   in serum 
Simples  from 198 patients  are  summarized in Table 4.     Appropriate 
comparative data were available for 198 of the  212 cases.     Variable 
pcritive and negative reactions  in  serial serum  samples were  seen in 
8  of 2^+  oatients with  localized wound or burn infections  and  were 
primarily manifested in HA tests.     Disparate HA and  CF test  reactions 
occurred  in  approximately  equal  frequency  in 11% of the  patients with 
localized pulmonary disease.     Inconsistent serological reactions 
occurred  in  3 of 25 patients with other forms of disease.     Approximate- 
ly half of the  "negative"  sera were marginallv  reactive,  viz.,  partial 
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but less than 50% fixation at 1:4 dilution on CF test or reactive at 
1:20 dilution on HA test.    Transient seronegative reactions were seen 
with either HA or CF test but rarely with both tests. 

Table 4.    Types of Serological Reactions* in Patients 
with Various Forms of Melioidosis 

Number of pat ients .'tit 
Type of HA + HA + HA v HA v 

infection Total CF + CF V CF + CF v 

Localized pulmonary 100 89 4 5 2 
Pulmonary and other organ 15 13 2 
Localized wound 24 16 2 6 
Wound and other organ 5 5 
Septicemia 7 6 1 
Fever undetermined origin 9 8 1 
Other 9 8 1 
Unknown 29 29 

Total 198 174 8 14 2 

*  8 days through  6 months after disease onset. 
ftÄ Symbols:    + = positive;  v = variable negative and positive. 

Thirty-one patients provided serum samples 9 months or more after dis- 
ease onset.    Persistence of HA and CF antibodies  was demionstrated in 
80-100% of the samples obtained at various time interv-ils from 9 months 
to 2-1/2 or more years after disease onset.    The data may have been 
biased by the disproportionately higher representation of patients 
(20 of 31) who had prolonged or persisting infections of 6 or more 
months duration.    Nine patients  in this  series had responded well to 
antibiotic treatment and had a relatively limited clinical course of 
disease or infection.    The disease history on 2 patients was incomplete, 
The late serological findings  in 9 patients with limited and in 20 
patients with prolonged infections are summarized  (Table 5).    Both CF 
and HA antibodies were detectable in all but 3 patients.    The 3 excep- 
tions had variable positive and negative reactions during their course 
of disease.    Within the limitations of the number of patients tested, 
the geometric mean Ha and CF titers of patients with prolonged infec- 
tion were one and one-half to three-fold higher than those of patients 
with a limited disease course.     Four of 7 patients had recurrent 
episodes of disease when specimens were taken two or more years after 
disease onset.    Serum from 1 of the 4 patients was obtained seven years 
after initial disease.    The duration of positive serological reactions 
could not be related to the type of disease.     Persistent high titer 
reactions were seen in patients with subacute disease of several weeks 
to several months duration,  as well as in patients with prolonged com- 
plicated infections. 
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Table 5.     Persistence of HA and CF Antibody liters in Patients 
with a Limited or Prolonged Course of Infection" 

No. patients positive/No. tested (GM titer) 
Time after Limited infection Prolonged infection 
disease onset HA CF HA CF  

9-12 months 3/4  (269)     4/4  (54) 9/10  (442)     9/9  (119) 
1-2    years                 6/6  (254)     5.6  (20) 10/11  (467)  10/11  (50) 
^2 " 2/3  (59)'^  3/3  (40)^ 6/7     (177)     7/7    (86) 

''{ Patients with limited infection responded well to antibiotic 
treatment and were free of signs of infection within a 6 month period. 
The duration of signs of disease or infection in prolonged infections 
was 6 months or longer. 

** Time of sampling:     2 yrs. ,  1 mo.   (HA-neg);  2 yrs.,  8 mo.; 3 yrs., 
2 mo. 

*** Time of sampling:     2 to 2-1/2 yrs.  - 3 patients   (one HA test 
negative);  3 to 3-1/2 yrs.   -  3 patients; 7 yrs.   -  1 patient  (chronic 
case). 

b.     Intra-strain growth inhibition of P. pseudomallei.     Relation- 
ships  of bacteriocin-like properties of strains with colonial, cul- 
tural and physiological characteristics had previously been reported 
(WRAIR Annual Reports 1968 and 1969).    Understanding these relation- 
ships  is important for laboratory diagnosis and may have a bearing on 
the pathogenicity and drug sensitivity of strains.     It was previ- 
ously reported that the probable growth inhibitor was D-arginine or 
D-lysine.     Thij conclusion was derived from the results obtained from 
thin layer chromatography  (TLC) of broth supernatant fluids from cul- 
tures of P.   pseudomallei strain 165 in Rice's protein-free medium. 
The non-inhibitory strain 7815 did not elicit a ninhydrin positive 
spot that was exhibited by inhibitory strains.     Subsequently, it was 
found that this spot was not consistently reproducible and the con- 
clusion was  erroneous.     The TLC findings could not be  corroborated by 
quantitative amino acid analysis of 3 day old agar culture expressed 
fluids.    However, it was  found that the agar fluids of an inhibitor 
culture contained very large amounts of ammonium ions, whereas, the 
non-inhibitor strain contained even more.    This seemed to contradict 
the  fact that inhibitor cultures had an alkaline pH of 8.6 and non- 
inhibitors pH 6.8 after 3 days  incubation on agar.     The only possible 
explanation was that  the rough non-inhibitor culture  (strain 7815) was 
pi-'oducing a highly acidic metabolite in addition to ammonium ions. 
This   conclusion seemed even more reasonable when the findings of 
Nicholls   (Brit. J.  Exp.  Path.   11:   28, 1930) were considered.     Nicholls 
reported that the rough strains of P_. pseudomallei produce oxalic acid, 
whereas, the smoc lins do not.    We then qualitatively verified 
Nicholls'   finding nhibil tr strain 165 and non-inhibitor strain 
7815. 
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The amounts of NH^    produced in Wahba agar and broth cultures were 
determined,  so that natural inhibition and its neutralization could 
be simulated by using varying amounts of NHit

+ and oxalic acid incor- 
porated into agar media.     The procedure was  complicated by the diffi- 
culty of assessing NH4+  in agar.    On the average, the amounts of 
NH4+ accumulating in various cultures after 3 days  incubation were as 
follows: 

P_. pseudomallei Wahba agar Wahba broth 

Smooth-inhibitor strain 165 0.025% NHH
+ 0.006% NH4

+ 

Rough non-inhibitor strain 7815        0.085% NH4
+ 0.013% NHi++ 

The amounts of NH^+ produced in broth were considerably lower than the 
amounts p?.-,oduced in agar.     This was attributed to higher NH4

+ produc- 
tion in the presence of oxygen.    Ammonium hydroxide was incorporated 
into Wahba agar.     A final concentration of 0.085% NH^OH yielded an 
agar medium of pH 8.4.     Oxalic acid was added to this medium to provide 
a spectrum of pH from  8.4 to 6.7.     It was found that inhibition in both 
S and R strains occurred at pH 8.4  (0.0% oxalic acid) and pH 8.1 
(0.04% oxalic acid) when cultures were streaked across these agar 
plates.    No inhibition occurred at pH 7.8  (0.07% oxalic acid). 

Physiologically, the  inhibitory action of smooth  strain 165 could be 
overcome by incorporating 3% glucose  into Wahba agar.    The addition of 
3% glycerol did not overcome the inhibitory action of strain 165.     In 
order to facilitate quantitative measurements, an attempt was made to 
reproduce the oxygen tension of agar cultures  in broth cultures. 
Therefore, 175 ml of Wahba broth was placed into wide bottomed Fern- 
bach flasks of 2800 ml capacity.    This provided a very shallow medium 
(approximately 0.5 cm depth) resulting in a large  surface area exposed 
to air.    Another flask was filled the same way with Wahba broth con- 
taining 3% glucose.     Each flask was inoculated with 0.1 ml of an over- 
night brain heart infusion broth culture of either strain 7815 or 165. 
The cultures were placed in a shake  incubator at  37 C and allowed to 
remain stationary for 3  hours.    The cultures were  shaken overnight. 
Growth was so heavy the next morning that shaking was discontinued for 
the remainder of the experiment.    Table  6 summarizes the results 
obtainea from this experiment.    In general, these results seem very 
similar to the conditions that occur in agar.     As  expected, the growth 
of both strains increased in all media during the  first 24 hours.     At 
the end of three days,   strain 165 Wahba broth culture had a rise  in 
pH from 7.3 to pH 8.5,  the viable cell count was decreased, the amount 
of ammonium ions was  high and there was little if any oxalic acid.     In 
contrast, strain 7815 had a pH decrease from pH 7.3 to 6.8, the viable 
cell count was still elevated and the amounts of ammonium and oxalic 
acid were very high.     The results from the preceding experiments were 
conclusive that the  inhibitory substance produced by smooth strains en 
Wahba agar was NH^"1".     It  is also evident that rough strains neutralize 
this tcxicity by the  production of oxalic  acid. 
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Interestingly, when the composition of Wahba broth includes 3% glu- 
cose, very little ammonium ions are dett-cted in cultures of strain 
165, and little if any oxalic acid is found, but the pH decreases 
from 6.5 to 3.8.     It  is obvious that another acidic metabolite is 
being formed and quite possibly combining with the NHi+

+ for the pur- 
pose of synthesis.     Although the acidity seems to decrease the viable 
cell count, it should be remembered that  in agar cultures, the 3% 
concentration of glucose neutralized the inhibitory action of strain 
165, even though 3% glycerol did not. 

The conclusion that ammonium ions were inhibitory was further verified 
by comparing the action of pronase and trypsin solutions on agar cul- 
tures of the inhibitory strain and Wahba agar brought to pH 8.7 by 
NH^OH.    In both cases the inhibitory effect was completely neutralized 
by pronase and partially by trypsin; thus,  indicating that these  com- 
pounds were acting more as protective proteins rather than enzymes. 

c.    Chemotherapy.     Hobby et al.   (Am.  Rev.  of Resp.  Dis. £9:   952, 
1969) reported that the antibiotic rifampin was highly reactive 
against P^. pseudomallei in vitro (minimum inhibitory concentration 
0.04yug/ml) and in vivo.     These findings were based on studies con- 
ducted with one strain of I\ pseudomallei.    In view of current criti- 
cal needs in chemotherapy of melioidosis,  it was deemed important to 
verify the reported activities of rifampin;  extensive in vitro tests 
were done with 31 recently isolated strains.    A broth dilution pro- 
cedure in microtiter plates was used (Marymount and Wentz, Am.  J.  Clin. 
Path. 45_:  548,  1966.    On day of test, rifampin was dissolved in either 
a 20% solution of ethyl alcohol or a 10% solution of N-N-dimethyl 
formamide in a 0.15 M phosphate buffered (pH 7.3) physiological salt 
solution to provide a stock solution of 1000 meg rifampin per ml. 
Stock solution was then diluted 10-fold with phosphate buffer.     Fur- 
ther doubling dilutions were made with Mueller-Hinton broth in U- 
bottomed microtitration plates with a 0.05 ml microtiter loop.    Other 
antibiotics used for comparative tests with rifampin were dissolved 
in phosphate buffer and diluted in the  same way as rifampin.    Over- 
night cultures initially in Mueller-Hinton broth and subsequently in 
Mueller-Hinton broth containing 0.1% KNO3 were used as a source of 
inoculum.    The addition of KNO3 to Mueller-Hinton broth enhanced 
growth with little or no formation of a surface pellicle.    The density 
of the cultures were adjusted spectrophotometrically to CD of 0.15 at 
600 mi wavelength with the use of 18 X 150 .mm pyrex test tubes as 
cuvettes, and then serially diluted 10-fold with broth to provide 
various concentrations of organisms used in tests.    The number of 
organisms contained in the culture was determined by conventional 
agar plating technics. 

The desired dilution of culture was added to each dilution of anti- 
biotic in the microtiter wells in 0.05 ml amounts with a calibrated 
dropper.    Microtiter plates were covered with an adhesive transparent 
plastic, and incubated at  35 C.    Readings were made after 24 and 48 
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hours of incubation.    An appropriate dilution of an overnight broth 
culture  of Sarcina lutea was used to affirm the acxivity of rifampin 
with the use of the microtitration technic.    Diluent growth and ste- 
rility controls were included for each test run. 

Initially, the sensitivity on 31 different strains of P.  pseudomallei 
to rifampin was determined with the microtiter technic using a con- 
centration of organisms ranging from 1.2 X 105 to 1.1 X 106 per ml. 
The minimal inhibitory concentration (MIC) of rifampin after 24 hours 
incubation was 25 mcg/ml for 3 strains and greater than 25 mcg/ml for 
28 strains. 

Two of the 31 strains which differed in their sensitivity to rifampin 
at test level of 25 mcg/ml were selected for additional tests to deter- 
mine if inoculum size had a bearing on drug inhibitory level.    Tests 
were set up in triplicate with 10-3, IQ-H and io-5 dilutions of the 
standardized overnight cultures  in Hueller-Hinton broth.     The final 
concentration of organisms of the highest dilutions of the two test 
cultures were 500 and 650 organisms per ml.    The MIC's of rifampin 
after 24 hours incubation are summarized in Table 7.     After 48 hours, 
MIC values were usually 2-fold higher.    The findings would serve to 
indicate the presence of cells with relatively high rifampin resis- 
tance  in cultures of P^,  pseudomallei. 

Table 7.    Effect of Culture Inoculum Size on Minimal Inhibitory 
Levels  (MIC) of Rifampin for 2 Strains 

of Pseudomonas pseudomallei 

Final concentration 
of colony forming units                               MIC 

Strain per ml rag/ml  

8202 50,000 ? 25 
5,000                                                      25 
 500 25  

8656 65,000 25 
6,500                                                    12.5 
 650 6.25  

Control 50,000 0.045 
Sarcina lutea 5,000 0.045 
 500 0.045  

Repeat  tests using variable concentration of cells were done on the two 
strains and on 4 additional strains.    The rvltures were grown in 
Mueller-Hinton broth containing  0.1% KNO3.    Three each of the cultures 
produced predominantly smooth and rough colonies, respectively, when 
plated  on nutrient agar containing 3% glycerol.     There was no apparent 
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relationship between smooth and rough forms of ?_. pseudomallei and 
relative sensitivity to rifampin. 

Three strains were selected to compare the activity of rifampin to 
other antibiotics.    One of the  strains was known to be  chloramphenicol 
resistant.    A lO"4 dilution of overnight cultures in Mueller-Hinton 
broth containing 0.1% KNO3 was used for tests.    Results are shown in 
Table  8.     Rifampin had relatively poor activity for £.  pseudomallei 
when compared with tetracycline and chloramphenicol — drugs now com- 
monly used in the treatment of melioidosis. 

Table 8.     Comparative Activity of Rifampin and 6 other 
Antibiotics for 3 Strains of P_. pseudomallei^ 

Minima] inhibitory concentration (ug/ml) for strains 
Drug 8202 8565 862U 

chlortetracycline 12.5 6.25 12.5 
tetracycline 12.5 6.25 3.13 
chlorampheni col 25.0 25.0 >100 
kanamycin ^ 100 50 100 
penicillin G 100 50 100 
polymyxin 7 100 >100 ^lOO 
rifampin 7 50 50 50 

* A lO-4 dilution of a Mueller-Hinton broth culture containing 0.1% 
KNO3 was used as inoculum.    Concentration of organism in antibiotic- 
culture mixtures ranged from 1.95 to 2.5 X 10  . 

A chloramphenicol-resistant and chloramphenicol-sensitive strain was 
used to test effects of various combinations of antibiotics.    The 
procedure was the "checkerboard"  tube dilution method of Sabath et al., 
(Antimicrobial Agents and Chemotherapy, 1956, pp.  149-155) modified 
for use with microtiter technics.    None of the following combinations 
had a synergistic bacteriostatic effect on the test strains of ?_. 
pseudomallei;    carbenicillin + gentamicin; ampicillin + either genta- 
micin,  aureomycin, chloramphenicol, kanamycin, erythromycin, neomycin, 
novobiocin,  or streptomycin; novobiocin + either erythromycin, genta- 
micin,  kanamycin or erythromycin. 

Summary and Conclusions. 

1.    Leptospirosis. 

Ampicillin had 64 to 128-fold greater antileptospiral activity than 
penicillin G when tested in a bataviae infectivity system in weanling 
hamsters for screening drugs.     Using delayed treatment regimens at 
comparable dose levels, the relative therapeutic efficacy of ampi- 
cillin, penicillin G, and tylosin was further evaluated in mature 

1128 

mm 



■Man 

hamsters experimentally infected with a selected concentration of 
serotype bataviae (lUlS) which killed animals 8 or 9 days later. 
Ampicillin afforded greater protection than penicillin G and com- 
parable protection to tylosin. Ampicillin was superior to both 
tylosin and penicillin G in eradicating leptospiruria of treated 
hamsters which survived. The potential usefulness of ampicillin in 
treatment and prophylaxis of leptospirosis merits additional attention. 

2. Melioidosis. 

a. Approximately 300 cases of melioidosis in U. S. Armed Forces 
personnel have been affirmed at WRAIR since winter 1965-1966. New 
tabulations of data from 212 proved cases of melioidosis on correla- 
tion of hemagglutination (HA) and complement-fixation (CF) tests and on 
distribution and range of titers during and after the course of disease 
were essentially the same as previously reported (WRAIR Annual Report 
1968-1969). Variable negative and positive reactions from 8 days to 
6 months after disease onset occurred were seen in 8 of 24 patients 
with localized wound or burn infection primarily with HA test. Tran- 
sient negative reactions were seen in both CF and HA but rarely with 
both tests in approximately 11% of the cases with pulmonary and other 
forms of infection. These findings serve to emphasize the importance 
of follow-up serological tests in suspected cases of melioidosis. Per- 
sistence of HA and CF antibodies was demonstrated from 9 months to 
2-1/2 or more years after infection in 31 patients. The duration of 
positive serological reactions could not be related to type of disease. 
Persistent high titer reactions were seen in patients with subacute 
disease ui relatively short duration as well as in patients with pro- 
longed complicated infections. 

b. The bacteriocin-like inhibitory substance produced by smooth 
strains of P. pseudomallei has definitely been identified as ammonium. 
The rou^t. strains produce even larger quantities of ammonium, and in 
addition, a copious amount of oxalic acid is produced which neutral- 
izes ammonium toxicity. 

"he addition of glucose, but not glycerol, to smooth strain agar cul- 
ture neutralizes residual toxicity. Glucose in broth also diminishes 
the amount of ammonium found in supernatant fluids of smooth strain 
cultures. 

c. Reported high activity of rifampin against Pseudomonas 
pseudomallei could not be verified by extensive in vitro tests con- 
ducted with 31 recently isolated strains. Minimal inhibitory uorcen- 
tration of rifampin was 25 mcg/ml for 3 strains and greater than 
25 mcg/ml for 28 strains.  Rifampin had relatively poor in vitro 
activity when compared with tetracycline and chloramphenicol — drugs, 
now commonly used for ireating melioidosis. 
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A "checkerboard" tube dilution procedure adapted for use with micro- 
titer technics was used to search for synergistic effects of various 
combinations of antibiotics against P^. pseudomallei. No synergistic 
effect was demonstrated for the combination of carbenicillin and 
gentamicin, nor of various antibiotic combinations with ampicillin and 
also with novobiocin. 

1130 



namvvipi^dnMi >"■ 

Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S. E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 305, Military medical research program, SEA, WRAIR - 
zoonoses 

Literatlire cited. 

1. Alexander, A. D. Leptospirosis. In Diagnostic Procedures for 
Bacterial, Mycotic and Parasitic Infections, 5th Edition, 382-421, 
American Public Health Association, Inc., New York, 1970. 

2. Rogul, M., Brendle, J., Haapala, D. K., and Alexander, A. D. 
Nucleic acid similarities among Pseudomonas pseudomallei, Pseudomonas 
multivorans, and Actinobacillus mallei. J. Bacteriol. 101(3): 827- 
835, 1970. 

3. Alexander, A. D.  Leptospira. ASM Manual of Clinical Microbiology, 
Chapter 30, 244-250, 1970. 

1131 

Uli——————— J 



RESEARCH AND TECHNOLOGY WORK UMT SUMMARY 

u 

DA OA 6526 
i. OUT! or tuiauiiv* 

70 07 01 
mmfomt comrmot trmaot 

DD-DR*E(AR)6J6 

t   DATE ^HCV SUH*NV 

69 07 01 
4. KINO Of WMHART 

CHANGE 

%. WORK WCUMTr 

NÄ 
MITITN 

NL 
«PEC  »iC U*T*- 

CONTIIACTON ACCESS 

(SI rii     DM 

». LIVtL OP SUM 

A. «MKUMT 

Q   HO /COO«»:* ^ROONAM KLtHCNT PÜOJKCT NUMBK« TASK ARIA NUMII* WORK UNIT NUMBCR 

iiiifiA. lAQ62110A8n _QQ_ JOB, 
b.  CUNTWaUTIHO 

«KnnntTO   boor, U12A(2)I 
r«**m«*ti«R c««»;* 1    TtTLC {mtm* »tm §9m*lly Ch 

(U) Prophylactic Use of Gamma Globulin to Prevent Infectious Hepatitis (09) 
12  SCKHTlPIC AND TICMMOLOOICAL AftlAJ 

003500 Clinical Medicine 
Tirün BAH  

67 01 

Xt UVlliATID COMPLf TtON D*TI 

CONT 

W. PtHpbllMANCE MtHOD M. rUNMNO AatNCV 

JW C.     In-House 
IT   COMTftACT/ONAHT 

A UArcl/CPrECTIvK: 

6. NUMMRr* 

c TVPt: 

■. RIND OF A«AHO: 

NA CKPI RATION; 

4 AMOUNT: 

f.CUM. AMT. 

If. NCtOUtlCKS ISTIHATC 
>HICIBIUI  

A PNOPUWONAL MAN VMS 

FISCAL 

VIAN 
70 

71 

i*0 

1*0 
11. IICSKMSIW.C DOOOMOANIIATION . PCWFOWMHOORSAHIIA   KW 

lk        Walter Reed Amy Institute of Research 

AODAKU:*  Washington, D.  C.    20012 

HtSPONSIILC INOtWIDUAL 

Meroney,  COL U. H. 
T...>HOW.:    202-57fe--i551 

tt. CIMINAL UtC 

Foreign Intelligence Not Considered 

Walter Reed Army Institute of Research 
Miui^lvislon of Medicine 

Washington, D.  C.     20012 
► WNCIFAL INVtSTtttATOR fJ»**«»IM SMff If If.1. «caMwi. tmmiftmmm^ 

"""' Conrad, COL M.  E. 
r....,..««:   202-576-3365 
SOCIAL SICURITT ACCOUNT NUMHN: 

ASSOCIATE INVttTiaATOM 

DA 

». itnsiB wmai wot •» toss tsaBSB sw 
(U) Hepatitis;   (U) Gamma Globulin;   (U)  Passive Immunization;  (U) Human Volunteer 

tl. TECHNICAL OBJCCTIVB,* 14 APPMOACH.   IS. »MOHCM fPwmlM ******* pMAtfnpA* MMIfM *r mmtm. Imitat »»■( •! . M* «* »M««l(r CI—ltMHrn C««a.> 

23. (U) To ascertain if the prophylactic administration of gamma globulin to troops 
is tffective in reducing the incidence of clinical hepatitis, to determine the period 
of immunity and the dose required. 

24. (U) All PCS male U.S. Army personnel assigned to EUSA receive an intramuscular 
injection at the aerial port of entry and again five months later.  These inlections 
contain either 2, 5, or 10 ml. of 16 percent gamma globulin or placebo material. The 
inoculations are given in a double blinded manner based upon the last digit of the 
soldier's serial number. Data will be analyzed based upon the incidence of documented 
viral hepatitis in soldiers receiving each of these materials. 

25. (U) 69 07 - 70 06 A WRAIR composite team was assigned to Korea during May 1967. 
This team has established an Inoculation and record center at the aerial port of de- 
barkation for all U.S. Army personnel arriving in Korea.  Soldiers assigned to Korea 
receive biologic materials upon arrival and again five months later. Scrutiny of all 
admissions to hospitals is maintained to insure proper documentation of hepatitis In 
each study patient. One hundred and seven thousand soldiers have received initial in- 
jections and seventy thousand have received a second injection. Gamma globulin does 
not protect all soldiers from the occurrence of clinical illness. Whether significant 
reductions in incidence or morbidity result from gatnma globulin administration cannot 
be ascertained until the study is decoded; this is being examined for both Australia 
antigen positive and negative hepatitis. For technical reports see Walter Reed Army 
Institute of Research Annual Progress Report, 1 Jul 69 - 30 Jun 70. 
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Project  3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.   E.  ASIA 

Task 00    Tropical and Subtropical Military Medical Research 

Work Unit  308, Prophylactic use of gamma globulin to prevent 
infectious hepatitis 

Investigators 
Principal:    COL Marcel E.  Conrad, MC 
Associate:    Hans F.  Smetana, M.D.,  and Allen A.  Young 

Description. 

Gamma globulin has been used in both civilian and military populations 
to prevent the occurrence of infectious hepatitis.     Scrutiny of the 
incidence of hepatitis in troops  receiving prophylactic injections of 
gamma globulin has failed to provide convincing evidence that it has 
reduced  the incidence of disease.     A double blinded clinical study was 
initiated to permit evaluation of  the effectiveness of U.   S.   gamma 
globulin in the prevention of hepatitis In U.  S.   Forces stationed in 
Asia. 

Progress. 

During 1964 a program was initiated by the U.   S.  Army to  immunize all 
military personnel stationed in  the Far East and Southeast Asia with 
gamma globulin to reduce the incidence of infectious hepatitis. 
Soldiers were injected with 10 ml of 16 per cent human serum gamma 
globulin shortly after arrival overseas and again five months later. 
It was hoped that this would produce passive Immunity against hepatitis 
and that active immunity would develop through a subcllnical infection. 
The escalation of the conflict  in Vietnam Increased the number of troops 
stationed in Asia and markedly reduced the amount of gamma globulin 
available in national stockpiles.     During 1965,   the recommended dose 
of gamma globulin was reduced to  5 ml twice during a one year tour in 
Asia,  and during 1966 the recommendation was made that the reduced dose 
be administered only to soldiers  assigned to units with a continued 
high Incidence of hepatitis.    Examination of the incidence of hepatitis 
reported  from both Korea and Vietnam showed a marked and sustained 
reduction in the incidence of hepatitis from 196A-67 when compared to 
previous  intervals.    However,  this reduction in incidence occurred 
several months before the initiation of the gamma globulin prophylactic 
program and could not be attributed to it.    In addition,   the incidence 
remained low following reduction in both the dose of gamma  globulin and 
the number of troops included in the immunization program.     This infor- 
mation and the relatively limited  availability of gamma globulin made 
it desirable to ascertain the effectiveness of gamma globulin adminis- 
tration  in a controlled study. 
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During May 1967 a field study was initiated in Korea in which soldiers 
assigned PCS to EUSA were given various doses of gamma globulin or 
placebo upon arrival and again five months later. Soldiers receive 
either:  (1) 10 ml of 16 per cent human serum gamma globulin (20 per 
cent); (2) 5 ml of gamma globulin and 5 ml of an albumin-sucrose- 
potassium glutamate solution (20 per cent); (3) 2 ml of gamma globulin 
and 8 ml of control material (20 per cent) or (4) 10 ml of the placebo 
injection (40 per cent). All materials must be characterized for anti- 
bodies against known bacteria and viruses and for fragmentation and 
content of various gamma globulin components. Selection of soldiers 
for each injection is made based upon the last integer of their military 
serial number. The various materials used for injection are bottled 
in 10 ml containers marked with the ten integers, 0 through 9.  Two 
integers were used for each material containing the various quantities 
of gamma globulin; (1) (2) and (3) above and four integers are uti- 
lized for control material.  Each soldier received the contents of a 
bottle labeled with a number matching the last number in his serial 
number upon arrival in the aerial port of debarkation in Korea and 
again in medical military dispensaries throughout Korea five months 
later. All cases of suspected hepatitis are evacuated to one of two 
military hospitals in Korea where the diagnosis is evaluated by both 
clinical and laboratory studies.  Each documented case of hepatitis 
is verified as a study patient by maintenance of central immunization 
files at the aerial port of debarkation. 

Results. 

During the period 15 May 1967  through 1 August 1969,  107,000 soldiers 
arriving in Korea received an injection of gamma globulin or placebo 
material.     Sixty five per cent of  these soldiers received an injection 
of  the same material  five months  later.     Icteric hepatitis  is  occurring 
in soldiers  receiving both gamma globulin and placebo materials at all 
intervals  following injection.     This project has accumulated  a suffi- 
cient number of test subjects to evaluate the efficacy or lack of 
efficacy of  gamma globulin in the soldier population and provide ad- 
ditional  information about  the dose of gamma globulin if  efficacy is 
found.     The results of  the experiment will be decoded during the 
oncoming year following the complete retrieval of records  and  informa- 
tion required for appropriate evaluation and analysis.    During the past 
year acute serum was obtained from each patient developing hepatitis 
for examination for Australia antigen by both  the immunodiffusion and 
complement   fixation mryhofd.     It is anticipated that sufficient informa- 
tion will be obtained  to ascertain  if  gamma globulin prophylaxis  affects 
the  incidence of either Australia antigen positive or negative endemic 
hepatitis. 
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Conclusions and Recommendations. 

A double blinded field study was Initiated in Korea by a WRAIR team 
to evaluate the usefulness of gamma globulin in the prevention of 
infectious hepatitis.  Presently, data collection from Korea is being 
completed and the information is being prepared for appropriate evalua- 
tion and analysis.  It is anticipated that this study will be completed 
during FY 71. 
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23. (U)    Infectious hepatitis has been a major cause of morbidity in soldiers in 
combat.    A collaborative effort was established to attempt to isolate the causative 
agent (s) of infectious hepatitis with the expectation that this mlßht lead to the 
development of a protective vaccine. 

24. (U)    Infectious materials are obtained from carefully documented clinical cases 
;>f hepatitis because no specific laboratory test has been developed to document the 
diagnosis.    These materials are shown to be infectious in volunteers by Northwectern 
University.    Aliquote of these materials are distributed to virologlsts attempting to 
Isolate the causative organism. 

25. (U)    69 07 - 70 06    Plasma specimens from patients during the icteric stage of 
disease have been noninfectious in human volunteer studies.    A pool of infectious 
material was developed from blood obtained during the preicteric stage of illness. 
Subsequently, this has been shown to be infectious in volunteers.    These materials 
are being distributed to virologlsts attempting to isolate the etlologic agent of 
hepatitis and to Investigators who are attempting to develop a suitable laboratory 
animal model for this disease.    For technical reports see Walter Reed Army Institute 
of Research Annual Progress Report, 1 Jul 69 - 30 Jun 70. 
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Project 3A062110A811, MEDICAL RESEARCH PROGRAM S. E. ASIA 

Task 00, Tropical and Subtropical Military Medical Research 

Work Unit 310, Etiology of infectious hepatitis 

Investigators 
Principal:  C0L Marcel E. Conrad, MC 
Associate:  CPT Michael A. Davis, MC 

Description. 

Despite many reports of isolation of a virus from materials obtained 
from patients with infectious hepatitis, there is no convincing 
evidence that the causative organism of infectious hepatitis has been 
cultivated.  Studies were initiated to obtain materials from patients 
with infectious hepatitis and prove that they are infective so that 
these specimens can be distributed to various laboratories attempting 
to cultivate and identify the virus.  It is postulated that the avail- 
ability of materials from single sources and their distribution to 
many laboratories will provide the best opportunity to cultivate the 
causative organism of disease and hopefully lead to the production of 
a vaccine for the prevention of hepatitis. 

Studies are being performed at the Illinois State Penitentiary in 
collaboration with Dr. Joseph D. Boggs of Northwestern University. 
1 jtentially infectious materials from patients with documented in- 
fectious hepatitis are being administered to volunteers.  Each patient 
is hospitalized and carefully controlled clinical and laboratory tests 
are performed to ascertain if the volunteer develops hepatitis.  Blood, 
urine and feces are collected before the administration of test ma- 
terials and are stored at -80° C. until the completion of studies. 
Materials from subjects developing hepatitis are selected and divided 
Into small aliquots for distribution to laboratories attempting to 
(1) isolate the virus of hepatitis; (2) develop antibody tests to 
identify the disease and (3) produce the disease in animals to ob- 
viate the need for human studies. 

Results. 

Materials from the MS-1 Willowbrook serum pool was administered orally 
to volunteers at the Illinois State Penitentiary. Three of ten sub- 
jects developed icteric hepatitis documented by examination of liver 
biopsy specimens between 25 and 40 days after exposure. Serum was 
obtained from each volunteer at intervals following the oral admini- 
stration of the infectious material.  Serum obtained from one hepa- 
titis patient after the onset of vague clinical symptoms (Day 29) but 
before an elevation in either the serum bilirubin or transaminase con- 
centration subsequently failed to produce hepatitis in ten volunteers 
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when administered orally.  Serum obtained from another subject after 
elevation in the serum transamlnase concentration but before the on- 
set of Icterus caused hepatitis in five of ten volunteers. This 
infectious serum has been distributed to several Virologie labora- 
tories for Virologie culture. Presently, two of these laboratories 
report a capability to produce CPE in Detroit 6 tissue culture ma- 
terial.  In addition, serum specimens have been distributed in a 
coded manner to Presbyterian-St Luke's Hospital for examination in 
marmosets.  In two coded trials hepatitis was detected in marmosets 
which received infectious materials but not in the control animals. 
"Hyperimmune" convalescent serum is being obtained from subjects who 
developed hepatitis to ascertain if it inhibits the development of 
CPE in tissue culture and prevents hepatitis in the animal model 
system. 

Conclusions and Recommendations. 

Serum has been obtained in volunteer experiments which causes hepa- 
titis when administered orally to humans. This infectious serum is 
Australia antigen negative and causes Icteric hepatitis 25 to 40 days 
after oral Ingestion.  This serum is being used in both tissue cul- 
ture systems and in marmosets in an attempt to culture the etiologic 
agent of hepatitis.  Information received from contractors to whom 
the material was distributed suggests successful experiments in both 
areas of endeavor. 
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Associate:    B.  G.  Bass,  B,S.; H.  C.  Sing, M.S. 

Description. 

The overall objective of this work unit has been to develop a 
broad base concept of laboratory analytical  chemistry systems that 
would be applicable for field medical use.    Of particular importance 
is the effort in computer software development and the investigation 
of applicable interfaces between the instrumentation and the proc- 
essing unit. 

Progress. 

This work unit is to be terminated as a separate entity and the 
efforts are to be consolidated under a work unit entitled biochemical 
methodology and laboratory automation.    The progress herein reported 
is considered a final report. 

s 

During the reporting period, efforts have concentrated on (a) soft- 
ware development; (b) the acquisition of equipment to study time sharing 
versus dedication; and (c) the interfacing of analytical instrumentation 
to central processing capability. 

I 
a. Software development.    Efforts have been confined to the devel- 

opment and extension of a number of statistical methods to include 
linear regression, curvilinear regression, polynomial least squares 
curve fitting, multiple analysis of variance and normally distributed 
population statistics.    Each program within this section has been suc- 
cessfully applied to one or more sets of data collected within the 
Division of Biochemistry over the past several years.    This effort has 
materially hastened the reduction of time necessary to process informa- 
tion into meaningful data arrays suitable for inclusion into publications. 

b. Equipment acquisition.    The Army Medical  Department has not 
developed and acquired sufficient information on the subject jf time 
sharing versus dedication in relation to computers.    The analytical  in- 
strumentation industry of today has interfaced each item of their equip- 
ment into a family of small  unit computers designed to be dedicated to 
that unit alone.    Analysis of this family of instruments suggests that 
single dedication of an instrument could be extremely wasteful of the 
total capability of computing unit. 
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The Army in its efforts towards greater efficiency makes available 
central  processing units that could be potentially used for medical 
laboratory informational processing requirements.    During the reporting 
period, a field artillery direction and control unit has been acauired. 
Efforts are under way to examine and evaluate this unit as a possible 
dedicated device for autoanalyzers, gas chromatography, nuclear magnetic 
spin resonance and the mass spectrograph.    D-17 units will  also be eval- 
uated as potential units for medical field teams.    These units are a part 
of the Minuteman Guidance System. 

A study has been initiated to evaluate the use of a time shared 
telephonic terminal that is linked to a large capacity computer.    The 
objective of this study is to determine the level of medical laboratory 
unit that could satisfy all  its data processing requirements by this 
technique of time sharing. 

c.    Interfacing.    Every analytical chemistry device requires some 
form of interface to permit its output to be effectively translated to 
a central  processing unit.    Interface units have been constructed in co- 
operation with the U. S. Army Medical Research and Development Command 
for the unit at William Beaumont Army Hospital.    Other interfaces are 
under development for the FADAC unit and the D-17 unit. 

This work unit has been involved with development of software 
program, equipment acquisition and the construction of instrumental 
interfaces.    The unit is to be terminated and the effort consolidated 
into another work unit. 
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Project 3AÜ62110A821 COMBAT SURGERY 

Task 00,  Combat Surgery 

Work Unit  120 Wound healing 

Investigators. 
Principal:    LTC Edgar 0.  Yhap, MC 
Associate:    MAJ Joshua Miller, MC; LTC Merrill C. Johnson, MC*; 

LTC Everett Spees, MC**; MAJ A.  Ralph Rosenthal, MC; 
COL Budd Apple ton, MC*** 

1.    Facilitation of Permanent Acceptance of Skin Homografts 

a. Statement  of the  problem:    Facilitation of permanent acceptance 
of skin homografts. 

b. Background:     Heterologous anti-lymphocyte serum has recently 
been demonstrated  to act on the small  lymphocyte population  (the 
immunologically competent cells responsible  for graft rejection (with- 
out effecting serum antibody responses, when this  sera is  formed in 
response to cells  of the  thymus or thoracic duct drainage. We have 
recently demonstrated  that  further potential specificity of this sera   is 
possible when the   lymph node cells which are used to induce the sera are 
derived from noies draining a skin homograft.       It is thought  that 
committed  lymph node cells may therefore,   be antigenically different   than 
uncommitted cells,   and that these antigenlc differences can induce specific 
antibody formation in other species.    The importance of this  finding is 
the possibility of inducing antisera to lymph node cells that have only 
the  function of graft  rejection.    This  type  of heterologous antilymphocyte 
serum might  then cause  tolerance induction to donor homograft antigens, 
while other lymphold cell functions would be  unaltered.    Therefore, 
generalized immunosupression could be avoided. 

c. Approach to the problem; 

I. To determine  if there  is strain  (H-2)  specificity and 
lymphocyte type specificity of heterologous antilymphocyte serum. 

II. To examine  the antigonic changes  of blast cell cultures 
in mice,  i.e.: 

A.    Committed cells responding to transplantation antigens 

* From the Division of Experimental Pathology,  WRAIR 
** From the Military Medicine and Allied Science Course,  WRAIR 

*** From the Ophthalmology Service, WRGH 
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B. Committed cells responding to gram-negative 
bacterial antigens or sheep red cell antigens,  and 

C. Non-committed cells 

These  three groups  of cells will be used  to induce different 
heterologous antisera in rabbits.    The antisera will then be tested for 
their specific effects on the capacities of cells of the original 
immunizing inocula,   i.e.,   skin homograft survival,  antibacterial 
agglutinin production or sheep red cell antibodies. 

d. Results and discussion of the results;    It was observed that 
(1) histocompatibility antigens evoked antilymphocyte  sera of differing 
biological specificity,   i.e.,   donor strain specific antisera had a 
greater effect on skin allograft  survival than antisera induced to 
recipient  strains, while recipient  strain specific antisera induce a 
more marked peripheral blood  lymphocyte depletion;   (2) antisera raised 
against  non-thymic   lymphocytes had no significant effect on either skin 
allograft prolongation or  lymphocyte depletion when administered to the 
recipient  specific strain,  but there was still some donor strain 
specific   or enhancement-like  effect on allograft survival. 

e. Conclusions;    Further specificity of heterologous  antilymphocyte 
serum has been demonstrated. 

f. Recommendations;    The project should now continue  to the second 
phase of inducing ALS to lymphoid cells in culture. 

2.     Studies  on Intraocular Copper Foreign Bodies 

a. Statement  of the problem; 

I. To evaluate whether aqueous humor and vitreous humor 
copper concentrations as measured by atomic  absorption spectrophotometry 
would indicate if a retained intravitreous  foreign body contains copper. 

II. To examine  the pathologic changes which occur when 
foreign bodies of varying copper compositions are implanted into the 
vitreous,   using new reliable  cytochemical methods  of detecting copper. 

b. Background; 

I.    It is estimated that about 70% of intraocular  foreign 
bodies  resulting from battle casualties are magnetic  and 3C% non- 
magnetic.      Of the non-magnetic retained metallic  foreign bodies, 
copper and its alloys are the most  frequently encountered as well as  the 
most potentially destructive  to the eye.      With the development of atomic 
absorption spectrophotometry small amounts  of fluid can be  analyzed  for 
minute  amounts of copper.    Runyan and Levi    have demonstrated that after 
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a  large copper foreign body Is implanted Into the vitreous,  the 
vitreous is  found to contain up to ten times   the  amount of copper 
normally present. 

II.    Prior to  1969,  cytochemlcal methods demonstrating copper 
did not exhibit reliability,  selectivity,   or sensitivity.    Linquist' 
has described new reliable,   selective cytochemlcal techniques  for  the 
localization of copper. 

c. Approach to the problem;    Two sets   of experiments were 
performed. 

I. Foreign bodies composed either of 60% or 100% copper 
(obtained from the National Bureau of Standards)  ranging in weight   from 
0.5 - 8.0 mgm were placed into the vitreous   of one eye of an albino 
New Zealand rabbit through a pars plans  incision while  100% iron wire 
of the same  surface area was placed into the vitreous of the  other eye 
as a control.    The  aqueous and vitreous were  analyzed by atomic 
absorption spectrophotometry at 2,   7,   14,  and 28 days after insertion 
of the foreign body.    A slightly larger  foreign body of 80% copper was 
placed into the vitreous  of one eye of an albino New Zealand rabbit. 
The other eye was used as a control in the manner mentioned above. 
Copper analysis of only the aqueous,  using atomic  absorption spectro- 
photometry, was performed at 60 and 90 days  after  insertion of the 
foreign body. 

II. A foreign body composed of  100% copper weighing 1.0 - 
5.5 mgm was  inserted  into the vitreous  of one eye   of a New Zealand 
albino rabbit and a foreign body composed of 60% copper of comparable 
weight and surface area was inserted into the vitreous of the other 
eye of the  same rabbit.    The eyes were  removed at   1,  2,  7,   14,   and 
28 days and were examined pathologically with hematoxylin and eosin, 
rubeanic acid,  alizarin blue,  and rhodanine  stains. 

d. Results; 

I.    When a  60% or  100% copper  foreign body was placed into 
the vitreous no significant  increase in copper concentration of the 
aqueous was  found at either 2,   7,   14,   or 28  days.     However,   at 60 and 
90 days,  using a   larger  foreign body of 80% copper a significant 
increase in copper concentration of the aqueous was  found. 

Vitreous  copper analysis yielded a  significant elevation 
in the eye  in which either a 60% or  100% copper foreign body was placed 
in the vitreous.    This  elevation was detectable  at 48 hours after 
insertion of the  foreign body and was consistently elevated at  7,   14, 
and 28 days. 
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The  nomal range  for aqueous and vitreous copper 
concentration in the albino rabbit was found to be  0 - 0.541 ppm 
and 0 - 0.356 ppm respectively.    Four per cent of both aqueous and 
vitreous determinations were false positives.    Thirty per cent and 
36% of aqueous and vitreous determinations respectively were  false 
negatives. 

These  findings Indicate the following: 

a. Seventy per cent of the time one should be able to detect 
elevations  of aqueous copper levels when a retained copper containing 
foreign body is present   in the vitreous  after 60 days but not  before 30 
days.    This  should then give the ophthalmologist some proof of the 
composition of the  foreign body and its  reactivity.    This will be  of 
help in prognosticating  if the foreign body will do subsequent damage 
to the eye. 

b. Vitreous analysis should reveal elevation of copper content 
64% of the time after 48 hours of the retained intraocular foreign body 
contains copper.    Again  this will be  of prognostic  importance. 

c. Pathological studies reveal that both  100% and 60% copper 
foreign bodies placed into the vitreous can cause acute polymorphonuclear 
inflammatory changes within 24 hours.    Definite abscess formation can be 
seen by 48 hours with either type of foreign body if the foreign body is 
adjacent to the wall of the globe.    Bacterial stains were all negative. 
The inflammation is usually more intense with  the pure copper foreign 
body.    By one week pseudocapsule formation beings  to appear.    By one 
month inflammation around  the  100% foreign body can become quite severe 
with subsequent retinal detachment.    In the case of the 60% alloy at one 
month the acute inflammatory cells are reduced in number and a dense 
fibrous capsule is present.    Large numbers of macrophages are  found under 
the capsule next to the  foreign body. 

In one case a 60% copper alloy was suspended in the mid- 
vitreous for  one month without any reaction around  it.    Thus the  location 
of the foreign body surrounded completely by vitreous away from the 
blood vessels  of the uveal tract and  retina may explain why in humans 
one can see an intravitreal copper foreign body without any inflammation 
around it. 

Histochemically copper can be demonstrated at no earlier 
than one week and both 60% and 100% copper foreign bodies will cause 
copper deposition at  about the same time and in the  same frequency. 
Iron and calcium stains  are all negative.    When a 60% copper foreign 
body is implanted into the vitreous,   copper can be demonstrated histo- 
chemically in macrophages   in association with  the pseudocapsule.    All 
three stains  rubeanic acid,  dizarin blue,   and rhodanine demonstrate  the 
copper.    On the other hand when a 100% copper  foreign body is placed, into 
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the vitreous,   copper deposition was noted scattered throughout  the 
posterior segment of the eye.    Copper was demonstrated  (1)  in vitreous 
cells   lying  free in the vitreous or  lying on the retina;   (2)  in  the 
retina in what appear to be macrophages;   (3) in macrophages present 
in the perivascular space of the central retinal vessels  of the  optic 
nerve   (4)   lying free under the posterior  lens capsule. 

e.    Conclusions; 

I.     Atomic absorption spectrophotometry was  used to determine 
copper  levels  of aqueous and vitreous   following implantation of copper 
foreign bodies  of different composition  into the vitreous.    Aqueous 
levels were elevated at  60 -  90 days,  whereas vitreous   levels  became 
elevated at  2  days. 

II.     Pathological studies reveal that both 60% and  1007» copper 
foreign bodies  implanted in the vitreous can cause sterile abscess 
formation.    Cu can be demonstrated histochemically at one week with 
either type  of copper foregin body.    The 60% copper foreign body 
deposited its  copper in macrophages  in association with a pseudo- 
capsule, whereas in the case of a   100% copper foreign body one could 
find copper deposits scattered throughout the posterior segment  of the 
eye. 

f.    Recommendations: 

I. It would be  important to determine the chemical composition 
and structural characteristics  of copper deposits  in the eye  resulting 
from an intravitreal copper foreign body.    This could only be done using 
the Scanning electron probe   (Dr. A, J.  Tourinis,  Biodynamics Research 
Corporation). 

II. A study is  in progress to determine whether  the   location 
of the copper containing foreign body in the vitreous i.e.,   suspended 
in midvitreous vs against  the wall of the globe,  produces different 
responses  of the eye to the  foreign body. 

III. An attempt  is being made  to produce a model of chronic 
copper posioning to the eye   (Chalcosis),   to see if the copper chelating 
agent  penicillamine can reduce copper deposition in the  eye. 
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projects  relate  to the  study of a new alpha adrenergic  blocking agent  on pulmonary 
vascular resistance and in developing an experimental model to study gastric secretion 
in liver transport dogs. 
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Calculation and  tabulation of the results  from secretory studies in this  protocol in 
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to how applicable  this   laboratory model is  to the clinical situation observed in man. 
For technical report see Walter Reed Army Institute of Research Annual Progress Report 
1 Jul  69 -  30 Jun  70. 
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Task 00    Combat Surgery 

Work Unit 121,  Responses to trauma 

Investigators. 
Principal:    LTC Edgar 0.  Yhap, MC 
Associate:    MAJ Joshua Miller, MC; MAJ Phillip M.   Levin, MC; LTC Norman 

Rich, MC*; MAJ John Hutton,  MC  ; MAJ  Robert T.  Solis, MC; 
MAJ Steven J.   Phillips, MC; MAJ J.   Judson McNamara, MC; 
MAJ John F.   Stremple, MC; MAJ Mark D.  Molot, MC**;   ILT R.  A. 
Dunn,  ANC*** 

1.     Lymphocyte Cultures  as an Index of Inimunity and  Responses to Trauma 

a. Statement of the problem:    Factors  in the pre-  and post-hepatic 
venous  circulation associated with gastric and duodenal ulcer disease 
and transplantation immunity are being investigated. 

b. Background:     Transplantation of the  liver has  led to both physio- 
logic and immunologic  findings  previously not observed with other organs. 

(1) In "stres^1 ulcer, diathesis occurs which is unexplained by 
local ischemic factors which is increased. The diathesis appears to be 
increased with rejection of the  liver. ^ 

(2) A tolerant  state has been induced  in some  species, while  in 
others  less immunosuppression has been needed than with other organ homo- 
grafts  for prolonged acceptance. 

c. Approach to the problem; Ulceration in dogs and humans has been 
produced by porta-systemic shunting. 3 it is theorized that inactivation 
by the liver of humeral substances which stimulate hypersecretion cannot 
occur. 

A hypothesis involved in the ease of immunologic acceptance of 
orthotopic liver homografts  is  that the graft comes  in contact with  lymph- 
ocytes derived from gut-associated,  primordial  lymphoid  tissue.    This 
tissue is thought to contain a population of immature cells, able still 
in adult  life to become  tolerant of foreign antigens  rather than immunized. 
Other organ homografts^ and purified antigens-* have also evoked weaker 
immunity when transplanted into the "privileged site" of the mesenteric 
circulation.     In order to study the immune mechanisms  involved in rejection 

Department of Surgery,  WRGH 
Division of Experimental Pathology, WRAIR 
US Army Medical Research Team  (WRAIR),  Vietnam 
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lymphocyte  transformation in vitro is being used.    It is the objective 
of a phase of this protocol to study the ability of dog lymphocytes in ^ , 
the portal and hepatic veins  to transform in response to mitogens,   such 
as phytohemagglutinin (PHA),   anti-lymphocyte serum (ALS)   and  to donor 
cells  in mixed  leukocyte cultures   (MLC)  under a variety of experimental 
conditions. 

d. Results:     As there had been essentially no previous experience 
in culturing characteristics of dog lymphocytes in this  laboratory,   it 
was deemed necessary to study dog lymphocytes in a number of preliminary 
experiments.     Kidney auto- and allografts to the neck were performed in 
unrelated adult mongrel dogs.    The effects of phytohemagglutinin  (PHA-P) 
and one way mixed  lymphocyte cultures   (MLC)  on proliferation of peri- 
pheral blood  lymphocytes were studied,   comparing the use of  fresh with 
frozen-thawed stimulating cells.     There was a loss of response to donor 
lymphocytes  in MLC which may be due  to inactivation in vivo by the allo- 
graft,  or to a shift in the response  curve to a peak earlier or later 
than 7 days  in culture.    There was a dissociation in response of cells 
from certain dogs to fresh and frozen-thawed stimulating cells in MLC. 

e. Discussion.  Conclusion and Recommendations;    It is possible that 
either an unresponsive state developed in in vitro testing of dog lympho- 
cytes at the peak of a massive vascularized allograft reaction.     This is 
being looked into.     Since lymphocyte  reactivity in vitro is a potentially 
very important way to measure immunity and in individuals with infection 
and trauma,   this study should be pursued with interest. 

2.    The Evaluation of Arteriovenous  Shunt to Maintain Patency of Venous 
Autograftsb 

a. Statement of the problem;    The evaluation of arteriovenous shunt 
to maintain patency of venous autografts was carried out. 

b. Background:    A recent report  from the Vietnam Vascular Registry, 
encompassing over 5,000 patients among whom more than 1,000 venous  in- 
juries have been documented,  emphasized the importance of repairing the 
acute venous  injury.    The clinical experience has shown that:  venous re- 
pair can be performed with few complications; many extremities have been 
lost due to venous hypertension despite adequate arterial repair;   the 
majority of  lateral venous repairs  remain patent; autogenous vein graft 
in the venous  system are prone to thrombosis,  but may provide  time  for 
collateral development and may undergo recanalization;   the potential 
benefits of venous  repair,  particularly in the  lower extremities,   out- 
weigh the risks.     Stimulated by these  clinical impressions,   the patency 
of autogenous vein grafts in the venous system augmented by a distal arterio- 
venous  shunt was  studied in the  laboratory. 

c. Approach to the problem:     Large mongrel dogs were divided  into two 
groups,   depending upon the type of distal AV shunt employed. 
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.1 Group I -  side-to-side AV shunt.     Five  cm.   segments of both 
jugular veins were removed and inserted into the superficial femoral 
veins bilaterally.     A side-to-side anastomosis between the superficial 
femoral artery and superficial femoral vein was then constructed distal 
to the vein graft on one side with the other limb serving as a control 
in both groups. 

Group II - "H" type AV shunt.    A procedure similar to Group I 
was performed,  except that  the AV shunt was  constructed using a  1 cm. 
length segment of vein between the superficial  femoral artery and super- 
ficial femoral vein distal to the vein graft. 

The patency of  the venous graft was determined by venography and 
arteriography immediately following surgery,  on postoperative day 3, 
postoperative week 3,   and postoperative week 6.     Re-operation was done 
during the sixth postoperative week at which time the patency of both 
shunt and graft was confirmed.     If venography had demonstrated occlu- 
sion of the graft prior to the sixth postoperative week,  then re-operation 
was done earlier and occlusion was confirmed.    At the same time,  the 
graft was removed and  studied morphologically.     In those grafts that re- 
mained opened for six weeks only the shunts were closed.    Venography was 
again performed immediately following operation,  on the third postopera- 
tive day, and during the third postoperative week.    A third operation 
was then done to confirm the patency of the graft three weeks following 
removal of the shunt.     These grafts were then removed and studied mor- 
phologically. 

Data will be organized in tables  for comparison values in control 
limbs and in limbs with associated arteriovenous shunts.     The sequential 
evolution of the graft patency has been recorded by venography and arterio- 
graphy. 

d.     Results;     Preliminary results from Group I indicate that 80 per 
cent of the grafts in control  limbs are open immediately following opera- 
tion; 40 per cent of these grafts are open on the third postoperative day. 
However,  by the third and sixth postoperative weeks 80 per cent of the 
control grafts are again open,  indicating recanalization in a large per- 
centage of these vein grafts.    Sixty per cent of the grafts on the shunt 
side were open on the day of operation.     Forty per cent of the grafts on 
the shunt side were open on the third postoperative day.     Only 20 per cent 
of the grafts on the shunt side were open during either the third or sixth 
postoperative weeks.     The results of Group I  tend to indicate that auto- 
genous venous grafts will tend to undergo recanalization in a very large 
percentage of cases.     The use of a side-to-side distal arteriovenous 
shunt does not increase patency of the proximal vein graft.     In fact,   this 
type of shunt is detrimental to the patency of the vein graft. 

In Group II or the H-type of distal AV shunt,   100 per cent of the 
grafts in the control  limbs were patent on the day of operation.     Fifty 
per cent of the control grafts were patent on the third postoperative day. 

1158 



Eighty per cent of the  control grafts were patent by the third post- 
operative week,  and this had increased to 100 per cent patency at the 
end of six weeks.    As in Group I this,  again,   clearly indicates the 
ability for autogenrus vein grafts to undergo recanalization.    One hun- 
dred per cent of the grafts  associated with the distal AV shunt were 
patent on the day of operation.     Eighty per cent of these grafts were 
patent on the third postoperative day.    Eighty per cent of these grafts 
remained patent from three  to six weeks postoperatively.     The distal AV 
shunt has been interrupted in the majority of these animals,  and the pa- 
tency is maintained from 3 days to 3 weeks,  postoperatively,   in the 
majority of them.    These studies  indicate that the use of a distal H- 
type AV shunt has increased the patency rate of the venous autograft, 
both  immediately postoperatively and over a chronic study period. 

e. Conclusions:     (1)     Autogenous vein grafts  in the venous system 
are  prone  to early thrombosis but undergo recanalization in a large per- 
centage of cases if surgical  technique is meticulous.     (2)     The patency 
of autogenous vein grafts  in the venous system can be increased by the 
use  of a distal H-type AV shunt.     (3)    The patency of autogenous vein 
grafts in the venous system is further inhibited by the use of a distal 
side-to-side AV shunt. 

f. Recommendations:    As  the result of clinical experience in Vietnan 
and as a result of these preliminary studies, we  feel that a greater 
effort should be made in the  repair of the acutely injured large peri- 
pheral vein.    This is especially true if reconstruction can be accomplished 
with a lateral repair.     Either lateral repair or autogenous venous graft 
should be considered  if the main venous return of the  lower extremities 
has been injured.    The use of a distal H-type arteriovenous shunt is not 
recommended on a routine basis because of the necessity for an additional 
operation.     However,   the use of this adjuvant method should be kept in 
mind  for selective cases. 

3.     Oxygen Transport in Shock 

a. Statement of the problem; The transport of oxygen to the peri- 
pheral tissues has been investigated in terms of the alterations in the 
properties of the blood with storage. The physiologic effects of these 
parameters are of interest because the toxic effect of massive transfu- 
sion is felt to be a major source of morbidity in the seriously wounded 
combat casualty. 

b. Background:    Among the major alterations  in blood resulting from 
storage,  the increased affinity of hemoglobin for oxygen (Bunn,  et al, 
1969)',  the  reduced flexibility of the red cell membrane  (Sirs  1969)8, 
and  the augmented microaggregation of platelets,  white blood cells and 
nonspecific debris  (Swank 1963)^ are most likely to be of importance in 
contributing to the morbidity associated with massive transfusion.    Al- 
though the  clinical conditions which lead to an alteration in the hemo- 
globin-oxygen dissociation curve of whole blood have been defined,  the 

1159 



,, mm IIMH.«P<   ^ i I'm !«■•»*-*■• 

physiologic consequences of these changes are uncertain.    Thus,   although 
the'-c is a shift of the dissociation curve to the right with hypoxia 
(Oski et al,  1969)10,  high altitude exposure  (Lenfant, et al 1968)11 and 
conditions of reduced peripheral blood flow and to the  left with storage 
(Bunn 1969)^,  this  change is moderate in that the p02 at which one half 
the hemoglobin is oxygenated  (P50)  changes only a few mm Hg.     If the 
PO2 of the tissue is unchanged even this  small shift of the curve would 
greatly alter the amount of oxygen unloaded in the tissues; however,   in 
order for these changes in P50 to influence the amount of oxygen delivered, 
the tissue pC^ and blood flow would have  to remain constant.    Because 
of the known adaptive changes of the microcirculation it remains to be 
shown whether a change in P^Q of the blood perfusing a tissue signifi- 
cantly alters the delivery of oxygen in vivo. 

c. Approach to the problem; Our approach has been to develop ex- 
perimental models whereby the effects on peripheral tissue of changing 
the P50 of the blood could be studied. This has required the develop- 
ment of a means of lowering the P50 and also the development of models 
whereby tissue  functions could be studied. 

d. Results;     Rats and dogs were exposed  to high concentrations of 
inspired O2 and a fall  in red cell 2,3 DPG was noted.     In dogs who were 
in profound shock,  no change in red cell 2,3 DPG was found. 

e. Conclusions;    The importance of this  finding is that it allows 
the development of a model whereby tissue function can be evaluated 
under conditions that exist soon after massive transfusion. 

f. Recommendations;     Our plans are to study oxygen transport util- 
izing the rat and dog whose 2,3 DPG has been depleted by oxygen exposure. 
Emphasis will be placed on (1) measuring tissue p0~  in the rat,   (2)   study- 
ing the delivery of O2 to the stomach with the intention of relating 
changes in oxygen transport to the development of stress ulcers and 
(3)  studying the  function of a transplanted puppy heart before and after- 
transfusion with blood that has been depleted of 2,3 DPG. 

4.     The Improvement of Peripheral Blood Flow by Preventing Flow Reversal 
with a Vein Valve.■n~~" 

a. Statement of  the probleia;    This study is about the improvement 
of peripheral blood  flow by preventing flow reversal with a vein valve. 

b. Background;     Original work. 

c. Approach to the problem;    A jugular vein valve was implanted in 
the femoral artery of dogs.    The valve was placed so that it would open 
during systole and close during diastole so it would prevent flow re- 
versal. 
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d. Results and discussion of the results; Eleven dogs had success- 
ful vein valves Implanted. Mean flow was improved on the average by 
40 cc/min, and mean blood pressure by 50 ram Hg. 

e. Conclusion: Flow reversal was eliminated by the valve and mean 
diastolic pressure was favorably increased. 

f. Recommendations: Chronic canine and primate studies should be 
performed with the thought of using this technique in the treatment of 
human peripheral arterial insufficiency. 

5.  The Effect of Bee and Snake Venoms on Cardiovascular Hemodynamics^ 

a. Statement of the problem; The effect of bee and snake venoms on 
cardiovascular hemodynamics was studied in mongrel dogs. 

b. Background: Original work. 

c. Approach to the problem; Depending on the venom used, varying 
hemodynamic responses were observed. 

d. Results and discussion of the results; Analysis of results re- 
vealed all snake and bee venoms to be cardie and/or respiratory toxic 
except the venoms of the sea snake which was neurotoxic. 

a.  Conclusions:  It is suggested that venom-antivenom studies be 
performed with the experimental model used in these studies. 

f.  Recgmmeodation; Venom anti-venom studies should be performed. 

6.  Intravenous Alimentation; An Important Adjunct in the Treatment of 
Combat Casualties. ^ 

Intravenous alimentation is an important adjunct in the treatment of 
combat casualties. This was demonstrated in a series of 20 patients, 8 
who received intravenous alimentation and 12 did not following combat 
injury.  Patients who received intravenous alimentation had a decrease 
in body weight loss and a decrease in negative nitrogen and glucose 
balance.  Furthermore, it appeared to be of distinct clinical benefit 
in at least two cases who were presented individually. 

Recommendation: The use of intravenous alimentation after major 
surgery and major injury is advocated to decrease metabolic wasting and 
thus by improving post-injury nutrition to hopefully reduce morbidity 
and mortality from complications relating to sepsis and poor wound healing. 
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7. Changes in Some Physical Properties of Blood with Storage^5 

Nineteen units of blood were collected from volunteers in Vietnam 
and studied serially for hematocrit, fibrinogen concentration, screen 
filtration pressure (SFP), and whole blood work viscosity. Significant 
elevations in screen filtration pressure and blood viscosity were noted 
with storage. These were not related to alterations in fibrinogen con- 
centration or hematocrit. The elevation in SFP occurred more rapidly 
and in greater magnitude than changes in viscosity noted. However, the 
elevation in blood viscosity with storage was significant. These ap- 
peared to represent one further inadequacy of our storage method of 
whole blood. It appears that this data will provide further impetus for 
increased effort to investigate methods for handling of storage of blood 
and blood preservation. 

8. Fat Embolism after Combat Injury^ 

Fat embolism is a clinical diagnosis made on the basis of a combina- 
tion of signs and symptoms that frequently appear together after major 
trauma. A study was performed in which 15 combat casualties with clinical 
fat embolism were collected at an evacuation hospital in Vietnam.  Cere- 
bral symptoms and some decrease in respiratory insufficiency were present 
in all. All had long bone fractures. Petechiae and fever were seen in 
9 of 10 patients, respectively. Therapy consisted primarily of respira- 
tory support. Adrenocortical storage was used empirically in high dose 
short term regimen but with inconclusive results.  The disease appeared 
unique in this group of patients because of its unusually virulent nature 
characterized by (1) onset of 24 hours or less in 8 of 15 patients, 
(2) rapid progression of symptoms and (3) death of 7 patients. The im- 
portance of fat embolism in the pathogenesis of posttraumatic pulmonary 
insufficiency syndrome remains to be determined. 

Considerable experimental work is needed to define the relationship 
between the pathologic observation of fat embolization to the pulmonary 
arterioles and the clinical syndrome recognized as fat embolism. 

9. A Double Check Valve Device without Moving Parts for Intravenous 
Fluid Administration^ 

A double check valve in an inexpensive plastic disposable system which 
can he  used for controlled infusion of intravenous fluids has been de- 
veloped and tested. The system allows for exact monitoring of in-put 
of a given source of fluid without the necessity of any iroving parts to 
change the direction of flow.  Its characteristics, convenience, low cost, 
ease of operation, disposability make it a useful adjunct in adminis- 
tration of fluids and blood to infants, small children and in the adminis- 
tration of fluid in repeated doses from a constant source either in clin- 
ical medicine or in the laboratory. 

1162 



10.  Blood Viscosity in Combat Casualties^-" 

The importance of blood viscosity in patients following trauma is 
difficult to evaluate clinically.  A study of blood viscosity in 44 pa- 
tients following combat injury was undertaken at the 24th Evacuation 
Hospital in Vietnam.  Thirteen were considered as control patients on 
the basis of relatively minor soft tissue wounds, and the others were 
all seriously injured patients. No significant abnormalities were noted 
in blood viscosity in either group either preoperatively or postoperatively 
or subsequently.  Similarly, extrapolated yield shear stress did not show 
any significant changes.  Concomitant study of hematocrit and fibrinogen 
values showed an inverse relationship between the two during the first 
three days after injury. 

The conclusions are that gross abnormalities in whole blood vis- 
cosity recognizable at even high rates of shear are undoubtedly of phy- 
siologic significance and may be greatly magnified as shear rate de- 
creases.  However, clinical viscosity determinations as obtained in the 
present study do not reflect the rheologic status of blood in tba patients 
in the microcirculation.  The data primarily point out the in« cquacy of 
the present clinical methods used to determine whole blood viscosity and 
the even more important physiologic determination of yield shear stress. 

Recommendations:  It is recommended that methods be sought to deter- 
mine whole blood viscosity at very low shear rates with relative ease 
and accuracy and that a device to actually measure yield shear stress 
is of real importance in the study of viscosity following injury. 

11.  Blood Coagulation after Injury 

Coagulation defects were studied in a series of 80 combat casual- 
ties without coagulopathy and in a series of 20 combat casualties with 
coagulopathles.  Studies performed included platelet counts, partial 
thromboplastin time, prothrombin time, thromboelastogram, fibrinolysin 
titers, fibrinogens, euglobulin clot lysis, hematocrit, ethanol gela- 
tion, screen filtration pressure. The data indicate that a number of 
factors are depressed following massive injury and massive transfusion 
but that no one abnormality is sufficient to explain the bleeding defect 
observed.  The defect is always corrected by fresh whole blood.  It was 
usually not corrected by fresh frozen plasma. Heparin was never success- 
ful in the current experience in reversing the coagulopathy.  The data 
appeared to indicate that disseminated intravascular coagulation, if it 
does occur, is an immediate event following the injury and that consump- 
tion has occurred at that time but is not a continuing problem in the 
patient's course.  Then, the resulting clotting defect is a result of 
one episode of DIG and subsequent consumption and what is needed is re- 
placement of clotting factors to reverse this process.  The other possi- 
bility, of course, is that with massive transfusion there is an alteration 
in the existing platelet function and qualitative platelet abnormalities 
are responsible for the observed bleeding defect.  This is what the author 
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currently favors as the hypothesis for the pathogenesis of the coagulo- 
pathles observed following massive injury and massive transfusion. 

Recommendation: More work is definitely needed to define the exact 
nature of the coagulation defect. 

12.  Effect of Hypertonie Glucose in Hypovolemic Shock in Man^ 

Glucose in large volumes has been demonstrated to be a utilizable 
energy substrate in animals in shock. A study was carried out in which 
combat casualties in shock were given either hypertonic glucose, hyper- 
tonic saline, hypertonic mannitol or no adjunctive therapy. 

The treatment regimen was determined randomly. All patients received 
the usual resuscitative measures. 

The data demonstrated clearly that hypertonic glucose in similar os- 
molar doses to other two materials produced a highly significant increase 
in blood pressure and in pulse pressure.  Since the groups were small, 
no significant difference in survival was noted.  It does appear that 
glucose, however, has a beneficial immediate effect on the cardiovascular 
system in shock.  In animals it has been demonstrated thit there is con- 
comitant vasodilation with a marked increase in peripheral blood flow. 
This is the ultimate aim in restoration of blood volume in shock. 

Recommendation;  It is recommended that hypertonic glucose is a use- 
ful therapeutic adjunct during a period of time that volume is bring re- 
placed.  Further work to define the actual fate of the exogenously adminis- 
tered glucose in the animal in shock remains to be determined. 

13. Hyperglycemic Response to Trauma in Combat Casualties 20 

Hyperglycemia is said to be a common response following trauma. 
Whether it is etiologically of any significance in the organisms res- 
ponse to trauma is undetermined. A studv of 67 battle casualties con- 
firmed the occurrence of hyperglycemia.  It is a post-injury physiologic 
response to trauma. The hyperglycemia was related to the severity of 
injury and correlated with serum lactate levels but not with arterial pH 
or p02 values.  It seems likely that the hyperglycemic response to trauma 
is of etiologic significance in that it is a readily available source of 
energy substrate to the body at a time when its needs are presumably in- 
creased. 

Recommendations:  Future efforts should be directed at (1) defining 
the need for increased energy substrate in an acutely traumatized animal, 
and (2) determining the rate of the utilization of freshly mobilized 
glucose stores in the acutely traumatized animal. 
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21 14.     Screen Filtration Pressure in Combat Casualties 

Pulmonary complications are the major cause of death following in- 
jury in combat casualties  in Vietnam.     The two factors that all patients  who 
subsequently develop pulmonary injuries have in common are massive in- 
jury and massive blood transfusion.    Screen filtration pressure was used 
to detect particular debris in the blood of combat casualties.    The data 
demonstrated that   (1)  considerable debris was present in banked blood, 
(2)   that, when banked blood was administered Intravenously, debris was 
filtered primarily by the pulmonary capillary bed and secondarily by the 
peripheral capillary bed;   (3)   that postoperative hypoxemia in combat 
casualties was  found to relate   significantly to the volume of transfused 
blood.    The possible relationship between massive pulmonary microemboli 
resulting from debris in banked blood and the development of the post- 
traumatic pulmonary insufficiency syndrome was discussed. 

Recommendation:    Further work is needed to define the relation of 
banked blood to the development of posttraumatic pulmonary insufficiency. 
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1.     The Effect of High Inspired Oxygen Tension and Its Relationship to 
Oxygen Toxicity. 

a. Statement of the problem:    The effects of high inspired oxygen 
tension and its relationship to oxygen toxicity were studied. 

b. Background:     The toxic effects on the  lung from breathing pure 
oxygen have been demonstrated by many investigators.1»      The anatomic 
changes observed at post mortem explain the alterations in blood gas 
levels.    The functional consequences of continuous exposure at 1 atmos- 
phere include decreases  in oxygen consumption and partial pressure oxygen. 

The role of the  respirator in the pathogenesis of the pulmonary 
lesion has been difficult  to evaluate.      However,   recent studies designed 
to examine the effect of ventilation with room air and 1007a oxygen showed 
significant damage in the  lung of oxygen breathing animals after 36 hours, 
whereas the lungs of air breathing animals were essentially normal.    We 
have examined the effects of artificial ventilation in dogs with one  lung 
exposed to 100% oxygen and one dog expired to room air. 

c. Approach to the problem: Fifteen 
and 10 experimental. Under pentobarbital 
performed and a double lumen endotracheal 
trachea. In the experimental animals one 
O2 and the other with room air; p02, pC02, 
mlnations were made every six hours. The 
These animals were then maintained on Ace 
death.    Another group of animals was venti 

dogs were studied:     5 control 
anesthesia tracheostomy was 
tube was  inserted  into the 
lung was ventilated with  100% 

pH and oxygen consumption deter- 
animal was given antibiotics, 
promazine and ventilated until 
lated with air. 

d.    Results and discussion of the results:    After 72 hours of continu- 
ous ventilation,   the  lungs  that received 100% oxygen were strikingly dif- 
ferent from the air respirator lung.     The oxygen treated lungs were heavy 
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and boggy.    Microscopically,  the oxygen treated lung was edematous with 
the presence of hyaline membrane,   destruction of capillary endothelium 
and alveolar epithelial cells. 

e. Conclusion;    The results of this study show clearly that oxygen 
causes  fatal pulmonary damage when it is delivered in high concentrations. 
We were able to demonstrate that the toxic effects on the  lung is  local 
and not a systemic reflex because of elevated Pa02  levels.     None of the 
microscopic  findings observed in the oxygen toxic  lung were seen in the 
lung ventilated with room air.     It is evident then that the acute lesion 
seen is  the lesion of oxygen toxicity alone and that the respirator floes 
not produce or aggravate the injury. 

f. Recommendation:    The problem of etiology of lesion seen cannot be 
resolved by this  short term study.    We propose to continue this  study 
with baboons with a hope that they can be maintained for longer periods 
and to study other parameters in order to comprehend some of the physio- 
logic changes we observed. 

2.    Physiologic Changes Observed in the Anoxic and Hypoxie Lung of the 
Dog. 

a. Statement of the problem;     Physiologic changes observed in the 
anoxic and hypoxic lung of the dog were  studied. 

b. Background;    The lung receives  the entire output of the right 
heart which is distributed to either lung.      Normally, blood leaving the 
lungs is almost fully saturated with oxygen and relatively constant in 
its carbon dioxide tension,  not only at rest but also during exercise. 
It has been shown in the past that hypoxia of a lung results  in an increase 
in pulmonary vascular resistance, bronchoconstriction, and a decrease in 
blood flow and ventilation to the hypoxic lung.      Euler and Liljestrand 
proposed that the adaptation of alveolar perfusion to alveolar ventila- 
tion was a local phenomenon affected by local sensitivity of pulmonary 
vascular segments to changing oxygen and carbon dioxide tensions rather 
than by the autonomic nervous system. 

c. Approach to the problem;   Under sodium pentothal anesthesia the dogs 
(Florida Foxhounds) were  intubated and  then maintained on fluothane, N2O, 
O2 anesthesia on a Harvard animal  respirator.    A left thoracotomy was per- 
formed and two electromagnetic flow probes were chronically implanted, 
one on the right pulmonary artery and one on the left pulmonary artery. 

After the wound was healed the animal was anesthetized with pento- 
barbital,  30 mg/kg, and intubated with a double lumen canine endotracheal 
tube in order that each lung could be studied separately.     Blood gases, 
oxygen consumption ind carbon output were measured. 
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■   > d. Results and discussion of the results;     Following anoxia to  the 
experimental lung  (100% N2),  there was an immediate increase of blood 
flow to the opposite or normal lung.    This  increase in blood flow to  the 
normal lung did not occur as a result of a decrease in blood flow to  the 
anoxic lung but as a result of an increase  in the cardiac output.     The 
blood flow to the anoxic lung either remained the same or in some cases 
it actually increased.     There was an increase  in O2 consumption in the 
normal lung.    This  increase in oxygen consumption did not parallel the 
increase  in blood  flow but occurred after a delay of about  10-15 seconds. 
However,   this increase  in oxygen consumption continued for about 30 
seconds after the peak blood flow to the normal side was reached.    This 
same phenomenon was observed in the normal when air low in oxygen  (107a) 
was used to ventilate the experimental lung,   except that the changes 
were less dramatic,  and the decrease in O2  consumption in the hypoxic 
lung was small.    The blood flow returned to baseljLne  levels within 
seconds following cessation of the naoxic or hypoxic stimulus. 

e. Conclusion:     According to the data just presented one must con- 
clude that acute hypoxia or anoxia of one  lung does not result in an 
immediate fall in the volume of blood flow fco that lung.    There is an 
increase in oxygen consumption but it followed the increased blood flow 
by about  10 seconds and continues to increase after the peak blood flow 
was reached. 

f. Recommendations;     (1)    These studies  should be pursued further 
to determine the mechanism involved;   (2)   to measure blood flow following 
acute and chronic atelectasis;   (3)   to measure blood flow following re- 
expansion of totally collapsed lung;  and  (4)   to correlate these measure- 
ments with measurements of other physiologic parameters. 

3.    The Effect of a New Alpha Adrenergic Blocker  (WR 2823)   on the 
Pulmonary Vascular Resistance. 

a. Statement of the problem;     The effect of a new alpha adrenergic 
blocker  (WR 2823)   on the pulmonary vascular  resistance was studied. 

b. Background:     The pulmonary vascular resistance  (PVR)  which nor- 
mally is low,  is elevated in certain pathological  conditions,   such a^ 
hypoxia and endotoxin shock.     Results of treatment of elevations of the 
PVR by alpha adrenergic blockade have been equivocal in the past. 

c. Approach to the problem:    Acute hypoxia was created in approxi- 
mately 40 open chest mongrel dogs by rebreathing of expired air.    Control 
elevations  in the PVR were easily produced.     Treatment of acute hypoxia 
with WR 2823 and its various analogues  (WR 2823 AC, WR 2823 AB, Disulfide) 
did not prevent or reduce  the elevated PVR." 

Eleven dogs were  studied under the conditions of endotoxin shock. 
The controls showed  significant elevations  in pulmonary vascular resist- 
ance. 1172 



d. Results and discussion of the results;    Treatment of these dogs 
with WR 2823 AB (formulated)  significantly prevented the elevation of 
PVR and  favorably improved the other hemodynamic parameters  studied. 

e. Conclusions:    WR 2823 favorably improves the PVR under conditions 
of endotoxin shock.    WR 2823 does not affect the elevated PVR in acute 
hypoxia. 

f. Recotnmendation;     Chronic hypoxia studies and the response of 
the PVR to WR 2823 should be performed. 

4.    Thoracic Injuries in Combat Casualties 

A report was made on this  subject on pp. 195-196,  U.   S.  Army Medical 
Research Team (WRA1R) Vietnam and Institute Pasteur of Vietnam, Annual 
Progress Report,   1 July 1968 -  30 June  1969. 
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Project 3A062110A82;. MILITARY  INTERNAL MEDICINE 

Task 00,  Military  Internal Medicine 

Work Unit 120, Metabolic response to disease and injury 

Investigators. 
Principal:     LTC Craig J.  Canfield, MC 
Associates:     LTC Jerry M.  Earll, MC; Marcus  Schaaf, M.D.; MAJ Leonard 

Wartofsky, MC; MAJ William J.   Howard, MC;  Elliot Danforth, 
Jr.,  M.D.; Joseph Bruton,  Ph.D. 

Description. 

This work unit is  concerned with investigations 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.    Metabolic balance studies are utilized with 
precise collections of biologic samples from patients during rigid 
control of diet,  drugs, and activity.     In addition,  support is afforded 
Walter Reed General Hospital in training house staff,  endocrine patient 
care,  and technical laboratory support  to other departments. 

Progress. 

1.    Steroid Metabolism. 

Infection with Plasmodium falciparum is characterized by severe weakness, 
hypotension,  vomiting, diarrhea,  hyponatremia,  and other clinical 
findings compatible with adrenal insufficiency.    Thus it has been 
suggested that adrenal insufficiency might  play a role in pathogenesis 
of acute pernicious malaria. 

Recent publications  from this department reported on the use of standard 
methods for assessing pituitary and adrenal  function in 29 nonimmune 
patients with naturally acquired falciparum malaria w .    Levels of 
plasma 17-hydroxycorticosteroids  (17-OHCS)  were increased in all 
patients,   and 12 of  14 patients tested had diurnal variation of 
abnormalities.     In contrast to the increased plasma 17-OHCS,   the 
urinary 17-OHCS and 17-ketosteroids   (17-KS)  were at the lower limit 
of normal in all patients.    Administration of metapirone to 14 patients 
elicited a normal  response.    Thus from this  study it was assumed  that 
the observed depression of urinary-steroid excretion in association with 
increased plasma 17-OHCS levels reflects decreased hepatic conjugation 
during the acute illness since hepatomegaly and increased serum glutamic 
oxaloacetic  transamlnase levels were frequent and creatinine  clearance 
was normal. 

Further studies are planned to answer the following:    a)   the effect  of 
exogenous ACTH during acute falciparum malaria,  and b)   the effect of 
malaria drugs   (chloroquine and pyrimethamine)   on conjugation mechanism 
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and plasma clearance.     In addition,   cortlsol secretory rates will be 
determined during acute falclparum malaria In order to explain the 
differences seen in plasma cortisol levels and urinary 17-OHCS. 

One of  the most pressing needs  in the general field of hormone  assay 
is the development  of techniques of sufficient sensitivity to enable 
quantitative determinations to be performed in biological fluids at 
frequent  Intervals  on small volumes of materials in order to study 
acute physiological changes.    Also,  such  techniques will enable a 
better understanding of the temporal relationship between the pituitary 
hormones and the  feedback effects of hormones produced by the target 
glands. 

In order to meet these needs the steroid laboratory is developing a 
series of new methods for assaying minute quantities of steroids in 
small volume of biological fluids.     These methods are as follows: 
a) competitive protein binding  (CPB)   techniques for cortisol,  desoxy- 
cortlsol,   testosterone,  17-OH progesterone,   and other plasma steroids, 
b) solid-phase  radloimmunoassay techniques  for testosterone,   estradiol- 
17B,  and other plasma steroids,  and c)  gas-chromatography using an 
electron-capture detector for urinary steroids and plasma steroids. 

The competitive protein binding technique has allowed us to measure 
plasma cortisol levels in plasma volumes  as  low as 50 microliters as 
compared to a previous requirement of  2-5 mllliliters.    Also,   the 
assay conditions  do not require complete withdrawal of medications 
from the patient.     In addition,   the number of samples handled by a 
single analyst   is 40 per day as compared  to 40 per week by previous 
methods.     All  these advantages have been achieved without any loss of 
precision,   sensitivity, or accuracy. 

Solid-phase radloimmunoassay techniques are relatively new for steroids 
and today show great promises of being even more sensitive and accurate 
than the CPB techniques with even more advantages.    This technique is 
now being explored  for use in our laboratories for the assay of 
testosterone,   dihydrotestosterone,   and estradiol-17B. 

Continuation in these areas of steroid analysis should allow for better 
understanding of  the  temporal relationship between the pituitary hormones 
and target glands and a saving in manpower,   time,  and accuracy of steroid 
analysis. 

To assess  agreement between several  tests of growth hormone and ACTH 
presently  in use clinically,  35 evaluations were carried out  in patients 
suspected of hypopltuitarism.    Growth hormone reserve was assessed by 
the insulin,  arginine and pyrogen  (Piromen)   tests while metyrapone, 
insulin,  and Piromen were used to test ACTH reserve.    Of 20 Instances 
in which all  three growth hormone tests were performed,  disparate results 
were encountered  in seven.    The overall Incidence of disagreement 
between tests was  31 percent.     In the 21 studies in which all three 
ACTH  tests were  carried out,  divergent results were observed in 15. 
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In the entire series, 46 percent of ACTH evaluations gave conflicting 
results.  There seemed little difference in sensitivity of the various 
tests and the results could not be correlated with anatomic lesions. 
The results indicate the difficulty of arriving at a conclusion on the 
basis of any single test. Further information on the mechanisms of 
pituitary hormone release in response to stimuli is necessary for 
interpretation of divergent test results. 

2.  Thyroid Metabolism. 

A study examining a method to evaluate the latency, potency, and duration 
of action of the various antithyroid drugs has been completed.  This 
study begun by Dr. Wartofsky prior to coming to the Walter Reed Army 
Institute of Research was presented at The 6th International Thyroid 
Congress in Vienna, Austria in June 1970. 

The method involves an IV injection of 1^1I-T4 which serves via its 
deiodination as a continuous source of ■^^■'■1 which partitions between 
thyroid and urine as would a diagnostic oral dose. Hence, urinary I 
excretion (UI*), determined at frequent intervals, varies inversely 
with thyroid I uptake during the same interval. The ratio, UI /plasma 
FBI* corrects UI for the exponential decline in precursor FBI*, and 
should remain constant during the steady state. Inhibition of thyroid 
I uptake should be followed by a rising ratio, the promptness of the 
rise reflecting latency of onset, and its magnitude and persistence 
reflecting the potency and duration of drug-induced antithyroid action. 
A number of thyrotoxic and normal subjects were studied, and after 
single oral doses of methimazole (MMI; 30 mg), NaC104 or KSCN (500 mg), 
ratios rose and remained elevated for 24 to 96 hours. Feak values of 
the ratio were usually well in excess of those predicted from the 
previously measured thyroid uptake of 131i# xhis excessive UI* could 
only be I generated by intrathyroidal deiodination. Following each 
agent, peak values of the ratio were not reached for 6 to 24 hours, 
but occurred promptly (2 to 4 hours) when NaC104 was given during MMI 
blockase (30 mg q 6 hr). 

Conclusions: These agents block organification of both internally 
generated iodide and that derived from plasma. Quantitatively, the 
former action is the more important.  Iodide derived from intrathyroidal 
deiodinations may not be readily exchangeable with that derived from 
plasma, but may become so during MMI blockade. 

Using the principles outlined above, following an injection ■^•'■I-T^, 
the ratios of U131I/PB131I are examined during 4-5 days of therapy with 
varying regimens of antithyroid drug, PTU or tap^ole generally given 
as a single daily dose or in divided dosage (q 8 hrs). 

Of some seven thyrotoxic subjects studied on Ward 30 to date, six 
clearly demonstrate, by this objective technique, that they are better 
controlled by divided dose management. This contrasts with reports by 
Monte Greer that patients achieved satisfactory clinical control often 
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with only single dose therapy. This study is a collaborative effort 
with Dr. Sidney Ingbar of Boston and will probably be completed when 
a total  of  12-15 patients have been studied. 

A study of  the effect of acute malarial infection on thyroxine 
kinetics and hormonal secretion was done in cooperation with Dr.  John 
Arnold at Kansas City.     ^"1 was given to label the thyroid and hence 
endogenous hormone release was labeled, while ^li-x^ was given to 
label  the blood pool.    During induction of  acute infection,   changes  in 
both parameters were assessed by estimates of T4 degradation and release 
rates  for   the   two varieties of hormone. 

Studies on four normal volunteers have been completed to date,   and 
indicate  that  acute malarial infection retards the peripheral disposal 
of thyroid hormone without there occurring any compensation via enhanced 
endogenous release.     There appears  to be rapid recovery during conva- 
lescence.     We plan further studies  in an attempt to duplicate  these 
interesting  results. 

We have had the opportunity to study a patient recently with the rare 
entity of hyperthyroidism due to selective hyperscretion of T3 prefer- 
entially over T^.    We examined T3 and T^  turnover kinetics before and 
after thyroid  suppression.    The patient is  to be re-evaluated after 
treatment and may constitute an interesting case report. 

A study of a method  to establish a test  for TSH reserve was initiated 
in order to evaluate the validity of  the use of the radioiodine uptake 
test  following steroid administration,   as an index of thyrotropin 
reserve.     The principle is based on recent  studies demonstrating a 
rebound in TSH levels following steroid withdrawal,  and our  thought 
that  this  could be  a means of differentiating between normal and 
hypopituitary  responses.    To date only hypopituitary subjects have 
been studied and have not shown any reserve; what remains however,   is 
to prove  that normals can elicit enough of a TSH rise by the method 
utilized  to be clearly different  from the patients with pituitary 
insufficiency. 

A study of the effects of phenobarbital on thyroidal function and 
thyroxine utilizing the double isotope  technique described in the 
malaria study above,   is designed to examine the effects of customarily 
used therapeutic doses of phenobarbital on hormonal release and 
degradation rates  in man.    The latter have been shown to be accelerated 
in rodent  studies  and the method described represents a valid way to 
study the problem in humans.     Two subjects,  one with hyperthyroidism 
and one with myxedema, have been so studied to date,  and the results 
would  indicate little effect on these parameters by ordinary doses of 
phenobarbital  in man.    More patients will have to be examined before 
a definitive  conclusion can be reached. 

A study of  phenobarbital induction of enzymes in rat liver controlling 
thyroxine degradation was designed  to examine the effects of drugs on 
inducing or stimulating T^ deiodination.     Many enzymes can be so induced. 
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In some 12-15 experiments with 6-20 rats per experiment, we have 
looked at the relative degradation rates of rat liver homogenates for 
X^-131i in control versus phenobarbital treated rats.     These experiments 
clearly indicate significant stimulation.    We are currently engaged in 
assessing the importance of  the animals thyroidal or metabolic status in 
regard to the capability for induction of this liver deiodinating 
systems. 

3.     Calcium Metabolism. 

The long periods of immobilization associated with the treatment of 
fracture, nerve injuries and other serious injuries or Illnesses, results 
in loss of large amounts of calcium in the urine and negative calcium 
balance.    Bones lose their strength,  prolonging convalescence, and it 
is highly questionable whether all the calcium is ever replaced.    Recent 
studies have suggested that the hypercalciuria can be significantly 
improved with therapies including phosphates,  thiazides,  and alkali. 

Patients requiring prolonged immobilization are being studied on the 
Metabolic Ward with careful attention to calcium balance.    New tests 
introduced to assist in studies have included ionized calcium determina- 
tions and radioactive calcium      turnover studies in the whole body 
counter.    Preliminary data suggests that the hypercalciuria is signifi- 
cantly reduced by each of the three forms of therapy.    The reduction 
varies but is usually as much as 50 to 70 percent.    Metabolic studies 
to determine if positive calcium balance can be maintained are being 
calculated.    Patients with other bone diseases and hypercalciuria are 
being included in this type study.    It is established that each of these 
therapies effectively reduce hypercalciuria and any of the three should 
improve some of the complications of excess calcium loss in the urine. 
Comparison of the effectiveness,  safety and ease of management of these 
therapies is being made.    Fracture healing notes will also be assessed. 

Antibodies to purified calcitonin and parathormone are being prepared 
in three different animal species in an effort to develop satisfactory 
radloimmunoassays which would be of great assistance for diagnostic 
and research studies. 

Hydrochlorthlazlde,  50 mg b.i.d.  orally, has been administered to 12 
patients maintained on a constant Ca-P intake.    Urinary calcium 
decreased 20 to 55 percent while urinary phosphate,  magnesium,  sodium 
and potassium increased,  and creatinlne clearance was unchanged.    In 
six patients with idiopathic hypercalciuria mean serum calcium increased 
slightly,  while six patients with borderline hypercalciuria due to 
hyperparathyroidism (six surgically proven,  six awaiting surgery) 
became frankly hypercalcemic.     Ionized calcium showed comparable 
changes.     Serum phosphorus,  creatinlne,  uric acid and proteins also 
rose,   and serum magnesium and potassium declined in some patients. 
K^ whole body counting confirmed potassium loss estimated by urinary 
changes.     Thiazides appear useful in treating and in distinguishing 
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idiopathic hypercalcluria from suspected hyperparathyroidism.    The mode 
of action of  thiazide-induced hypercalcemia in hyperparathyroidism is 
under continued study. 

Severe hypocalcemia is known to impair insulin secretion and carbohydrate 
tolerance.     However, hyperparathyroidism may also be associated with 
impairment of carbohydrate  tolerance,  perhaps due to renal potassium 
loss.     To assess this possibility,   a standard 8 hour oral GTT with 
measurement  of IRI and HGH has been performed in 8 hyperparathyroid 
subjects before parathyroid exploration,  and correlated with K^^ 
counting of whole body potassium;   studies will be repeated after cure 
of hyperparathyroidism.     Pre-operatlvely,  3 patients had frankly diabetic 
tolerance tests,  1 had possible diabetes, and 4 were normal.    One of 3 
patients with idiopathic hypercalcluria had chemical diabetes.    Insulin 
and growth hormone determinations are in process. 

Recent  reports suggest that idiopathic hypercalcluria patients have 
abnormal parathyroid glands when studied by electron microscopy.    An 
electron microscopy study of normal and adenomatous parathyroid tissue 
is under way. 

4.     Carbohydrate Metabolism» 

Potassium depletion as a cause  of carbohydrate intolerance in normal 
subjects is poorly documented and unexplained.    To document  this and to 
evaluate possible etiologic factors serum glucose,   insulin,   and growth 
hormone  levels were measured  in five normal male subjects during oral 
glucose   (100 gm),  IV glucose   (0.5 gm/Kg), arginine infusion  (0.5 gm/Kg) 
and glucagon stimulation  (1.0 mg)   tests before the following potassium 
depletion.     Total body potassium depletion (224 to 375 milliequivalents) 
was produced using ion exchange resin and formula diet and documented by 
metabolic balance and whole body counting of K^".     Potassium depletion 
caused  increased serum glucose   (p <.05)  and decreased glucose disap- 
pearance rates  (p <.05) with decreased serum IRI   (p <.05 and p >.01) 
following oral and IV glucose  tolerance tests respectively.     Serum IRI 
response to arginine infusion and glucagon stimulation was unchanged 
after potassium depletion,   although arginine infusion resulted in a 
higher rise and blunted fall  in serum glucose.     Glucose response to 
glucagon was unchanged by potassium depletion.    Growth hormone response 
was not significantly different during oral glucose or arginine tests 
after potassium depletion. 

Conclusions:    At the levels of  potassium depletion obtained 1)   there is 
decreased tolerance to oral and IV glucose,  2)   serum IRI  levels are 
decreased per unit of glucose   following glycemic stimulus,  but unchanged 
following the nonglycemic stimuli of arginine and glucagon,   and 3)  growth 
hormone  response is uneffected. 

Glucose  tolerance to oral and  intravenous glucose administration was 
compared  to  the tolerance of peritoneal glucose absorption in patients 
with  chronic end-stage renal disease who had undergone peritoneal dialysis 
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develops following peritoneal glucose absorption than following oral 
administration of glucose - even at an oral administration rate as much 
as  two times the peritoneal absorption rate in some patients.    At 
comparable serum glucose concentrations  the serum insulin to serum 
glucose concentration ratio tends to be relatively higher than the 
similar ratio following peritoneal absorption.     Slower gastrointestinal 
glucose absorption rates relative to peritoneal absorption rates and 
augmented insulin release during gastrointestinal glucose absorption 
probably both contributed to the above findings.     The tendency to 
hyperglycemia during peritoneal dialysis may  thus result from rapid 
absorption and lack of early augmented insulin release similar to the 
situation with intravenous glucose administration. 

Elevation of growth hormone,  epinephrine,   norepinephrine,  and 17- 
hydroxycorticosteroids during acute hypoglycemia is well documented, 
however the responses  of these hormones  to gradual spontaneous hypo- 
glycemia has not been well studied.    They were  therefore measured in 
a group of 33 patients suspected of hypoglycemia during the following 
tests:    72 hour fast,   oral glucose tolerance test,   intravenous 
tolbutamide tolerance  test,  oral leucine,   and  intravenous glucagon 
administration.     Four patients with insulinoma and one with hypoglycemia 
due to gastric adenocarcinoma were discovered.     Intravenous tolbutamide 
tolerance test produced seram growth hormone rises in all insulinoma 
subjects tested  (peak    6.7-2A.8 mug/ml),  however fasting hypoglycemia 
failed to elicit consistent growth hormone elevations.    No growth hormone 
response was found to either oral glucose  tolerance test or fasting in 
the one patient with extrapancreatic tumor producing hypoglycemia. 
Plasma epinephrine and norepinephrine were not elevated on nine 
occasions during fasting hypoglycemia in two subjects.    Urinary 
epinephrine and norepinephrine were rarely elevated and VMA was 
consistently normal during days marked by frequent episodes of 
hypoglycemia.    Plasma  17-OHCS were mildly elevated during fasting 
hypoglycemia with loss of normal circadian pattern,   though urinary 
17-OHCS remained normal. 

Conclusion:    Repeated severe episodes of gradual spontaneous hypoglycemia 
in patients with insulinoma did not produce consistent or impressive 
elevations in growth hormone,   17-OHCS or epinephrine and norepinephrine, 
despite uniformly brisk rises of growth hormone and 17-OHCS to acute 
stimulation,  intravenous tolbutamide tolerance  test. 

The serum growth hormone response to insulin-induced hypoglycemia of 
10 thyrotoxic patients was  compared with  that  of 14 normal subjects   '-^ . 
All thyrotoxic subjects had a distinct rise in growth hormone attaining 
a value of at least 6.4 mpg per ml.    Mean growth hormone levels of 
thyrotoxic subjects did not differ significantly from those of normals 
at any time during the insulin tolerance  test.     These results indicate 
that growth hormone response to insulin-induced hypoglycemia in 
thyrotoxicosis is normal. 

It has been reported  that administration of glucagon stimulates the 
release of growth hormone.     To test this hypothesis  10 male subjects 
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were given glucagon at two dose levels, 1 mg and 0.1 mg,  intravenously, 
and serum collected for growth hormone and 17-0HCS at intervals for 
one hour  v4).    Results showed no significant change in the level of 
serum growth hormone to either dose of glucagon.    A barely significant 
increase in 17-0HCS was seen following the high dose of glucagon which 
can most likely be explained by nausea produced by this dose.     It seems 
unlikely therefore that glucagon plays a direct physiologic role in 
either the regulation of growth hormone or cortisol and does not seem 
to be of value as a test of growth hormone or ACTH reserve in adults. 
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23 (U) To find improved procedures to control diarrhaal disease. Present work involves 
the preparation and testing of oral vaccines against bacillary dysentery, and the 
identification and characterization of 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) 69 07 - 70 06. Two E, coli serotypes (06:H16: and 0148:H28) which are purported 
to produce an enterotoxin and an E._coli serotype (0124:K72:H  ) which produces a 
dysentery-like disease in humans were compared in several experimental animal models. 
The 0124 serotype causes keratoconjunccivitis in guinea pig eyes, the 06 and 0148 
strains were negative.  By the fluorescent antibody technique it was sho«m 0124 sero- 
f oe when fed to starved opiated guinea pigs penetrated the intestinal epithelial 
barrier, the 06 and 0148 serotypes were found only in the lumen. When fed to monkeys 
the three strains produced diarrhea but only the 0124 strain was found within the in- 
testinal mucosa. Culture supernates of the 06 and 0148 serotypes have a positive 
enterosorptive effect when inoculated into the isolated rabbit ileal loop. The 0124 
strain was nsgative. Preliminary feeding experiments in human volunteers have shown 
the 06 and 0148 serotypes capable of producing diarrhea. We have tentatively concluded 
that strains of these serotypes 06 and 0148 do elaborate a toxin capable of producing 
a dlarrheal disease syndrome without invasion of the intestinal epithelial barrier. 

For technical report see Walcer 
Report, 1 Jul 69 - 30 Jun 70, 

AviliNt to conffcfof ug€n_ortgin»twUjggrsnl_  

xeed Army Institute of Research Annual Progress 
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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:  Eugene H. LaBrec, Ph.D. 

Description. 

The pathogenesis of enteric disease is studied to elucidate tha 
mechanisms by which enteric pathogens produce symptoms. By under- 
standing the disease process improved procedures for prevention and 
treatment of diarrheal diseases will become evident. 

Progress. 

1. Last year we reported that S. flexneri 2a antigens could be 
transferred to E, coll using techniques of microbial recombination. 
Thus E« coll hybrid strains can be constructed with the same anti- 
genic pattern as J3, flexneri 2a. Such E. coll hybrids would con- 
stitute a safe product for use as a living oral vaccine, but no 
evidence concerning their ability to confer protection was at hand. 
Consequently two tests were carried out in monkeys to determine if 
one selected E. eoli hybrid strain would protect the animals against 
experimental orfl challenge with virulent S,  flexneri 2a. The re- 
sults of this study are summarized In Table 1. The vaccine conferred 
a statistically significant protection against the experimentally in- 
duced disease. This was especially noticeable against the severe 
form (dysentery). Nevertheless this vaccine seemed to offer no par- 
ticular advantages over the shigella mutant-hybrid type which has 
been previously described. Therefore, further safety testing in 
volunteers is not contemplated. 

2. During the past year, work has comroenoed on some aspects of 
the pathogenesis of "non-specific" or "travelers'" diarrhea.  In 
areas where diarrheal disease is endemic, an etiologic agent can be 
isolated from only a small proportion of individuals with clinical 
disease.  Indeed Kalas and Bearden found recognized microbial patho- 
gens in only 20 per cent of American soldiers with diarrhea in Viet 
Nam. Recently Japanese workers have reported that certain sero- 
types of E. coli are responsible for a dysentery-like Illness in 
children and adults in Japan. Because a significant number of cases 
of non-specific diarrhea in the Kalas-Bearden study presented a 
dysentery-like syrdromp. (defined as diarrhea with an inflamed or 
hyperemic colon), E. coli strains isolated from them were examined. 
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None of the strains fell into the serologlcal group which the 
Japanese workers found causes dysentery-like disease In their 
country. After preliminary tests in animals, two of these E. coll 
strains were selected for further study. One of these strains, 
B2C, was serologically typed as O-group 06:H16; the other strain, 
B7A, was reported to be untypable, but subsequent work by us show- 
ed that it was antigenetically identical with the E. coll 0148:H28 
strains ( a new serotype) reported to be the cause of "travelers' 
diarrhea" in British troops in the Middle East. These two strains 
(B2C and B7A) were compared in various model systems with E. coll 
0 group 124: K72:H- strains 1272/67. This latter strain is one of 
the group of organisms described by Japanese workers as causing 
dysentery-like disease in adults.  E. coll strain HS, isolated 
from a normal individual was also included as a negative control. 

The 0-124 strain caused keratoconjunctlvitis, while the 0-06, 
0-148 and HS strains were negative. When fed to starved opiated 
guinea pigs the 0-124 strain was shown by the fluorescent antibody 
technique to have penetrated the epithelial layer of the Intestine 
and to be present in the epithelial cells and the lamina propria of 
the intestine. In contrast the 0-06 and 0-148 strains were ob- 
served only in the lumen of the bowel; however there was an increased 
amount of fluid and mucous in the lumen of the Intestines of these 
animals. The animals did not die as a result of this infection. 
The four strains were also Inoculated into monolayers of HeLa cells. 
Within 7 hours the 0-124 strain was observed within the cells and 
the monolayer was dead within 24 hrs. We could not observe organisms 
of tSe 0-group 06 strain insida the HeLa cells, for by 7 hr post- 
inoculation, large numbers of these bacteria appeared to adhere to 
the outer surface of the cells and by 24 hours the monolayer was 
destroyed. Neither the 0-group 143 nor the HS strain had any 
apparent effect on the cell culture. We concluded from these experi- 
ments that the 0-group 06 and 148 strains were Incapable of pene- 
trating epithelial cells and in confirmation of the work of the 
Japanese workers, that the 0-group 124 strain did possess this capa- 
city. In this regard, this strain closely resembled virulent 
dysentery bacilli. 

Each of the four strains were next fed to individual groups of 
18 rhesus monkeys. The dose administered was approximately 3 X 10 
cells suspended in brain-heart infusion broth. The HS strain failed 
to produce diarrhea in any of the monkeys. The strains of O-groups 
06, 124, and 148 all evoked a similar pattern.  From approximately 
18% to 40% of these animals developed diarrhea.  In all but 2 cases. 

1188 



the watery stools ceased 24 to 36 hours post-challenge, and in these 
2 monkeys the signs of disease persisted for only 2-1/2 days.  In 
no instance were blood-tinged stools observed. We have had occasion 
to feed 2 other dysentery-like 15. coli strains to monkeys.  Strain 
1624-56 (0144:K:H'-) and strain 4608-58 (0143:K:H-) were obtained 
from Dr. Ewing at the Communicable Disease Center.  Both cultures 
gave reactions similar to the 0-124 strain in regard to epithelial 
cell penetrability. Following challenge with these strains the 
same pattern of diarrhea in monkeys was observed as when the 0-124 
culture was fed. Diarrhea was observed in approximately 50% of the 
animals and subsided 24 to 48 hrs after the bacteria vere adminis- 
tered.  Blood was not observed in the stools. 

Our next study demonstrated that the 0-group 06, 124, and 148 
strains evoked a positive reaction in the rabbit ileal loop test. 
The HS strain failed to do  so. We then attempted to determine if 
any of the 4 strains under study elaborated an enterotoxin for the 
rabbit ileal loop. Sterile filtrates were prepared from 18 hr 
aerated syncase broth filtrates of the 4 strains and injected in 
2 ml amounts into ileal loops of rabbits. Control loops were in- 
oculated with either heated filtrates (100 C for 30 min) or sterile 
broth. Filtrates from the G-groups 06 and 148 strains produced 
positive loops. On the other hand the loops injected with the 0-124 
strain filtrate, the heated filtrates and the inoculated broth 
remained negative. Sonic lysates of cells of the 0-group 06 and 148 
strains also produced positive Ibops,  Approximately 1 mg dry weight 
of dialysed sonic lysate were required. The results of these animal 
tesv;s are summarized in Table 2, 

Although the 0-group 06, and 148 strains were isolated from in- 
dividuals with acute colitis, there was nothing to indicate that 
these organisms were the etiologic agent of the disease other than 
the fact that thay provoked a positive ileal loop in the rabbit and 
produced an enterotoxin by laboratory criteria. Because of their 
potential medical importance, it was decided to administer them to 
volunteers.  Accordingly 1 X 10** cells of either the HS strain and 
the 0-group 06, 124, and 148 strains, suspended in 20 ml milk were 
fed by Dr. Hornick to groups of 5 well-informed male adults. An 
individual was considered to have disease if ha passed at least 3 
watery stools within a 24 hr period. None of the 5 men fed the HS 
strain became ill. Of the 15 remaining men fed either of the 0- 
groups 06, 124 or 148 strains, a total of 4 men experienced diarrhea 
(Table 3), The incubation period ranged from 1-5 days; illness 
lasLecl from 1 to 6 days; the number of stools per day varied from 
3 per day to 6 per day. Neither blood nor mucous was present in the 
diarrheal stools, and the men did not have elevated body temperatures. 
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Other groups of men were then fed 1 X 10^ organisms of each of 
the strains. Again none of the men fed the HS strain experienced 
signs of disease. We were somewhat surprised to observe that none 
of the 5 men fed the 0-124 strain became ill.  On the other hand 
3 of 5 men fed the 0-06 strain and 4 of 5 volunteers fed the 0-148 
strain developed diarrhea (Tablä 2). The incubation period, as 
before ranged from 1 to 5 days. Illness lasted from I day to 2-1/2 
weeks. The number of stools per day varied from 4 per day to 10 
per day.  Blood was absent from the stools and fever was not noted. 
Mucous was not observed in the stools for the first 2 days follow- 
ing challenge, but was present in copious amounts in 3 individuals 
after this time. Tha one volunteer whose disease lasted 2-1/2 
weeks developed a colitis Indistinguishable from shigellosis as 
viewed by sigmoidoscopy. 
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TABLE  3 

ILLNESS IN ADULT VOLUNTEERS FED FOUR STRAINS OF 
ESCHERICHIA COLI 

.Strain 

HS 

B2C 

B7A 

1272-67 

Serotype Dose 

not typed 1X108 

IXIQIO 

06:K?H16 1X108 

1X1010 

0148:K?;H28 1X108 

1X1010 

0124:K72:H 1X108 

1X1010 

No. ill 
Total 

0/5 
0/5 

2/5 
3/5 

1/5 
4/5 

1/5 
0/5 
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23, (I?) Definition in penetic and molecular terms  of the metabolic,  aitigenic and 
pathopenic characterJBti cs of enteric bacteria.    We anticipate  that it will  be  possible 
to pcnetically modify enteric bacteria to  any desired anticenic structure and/or 
pathofrenicity to serve  as vaccine  strains or as tools  to study the  infectious  process. 

24. (ll) Cse of peneti c recombination between strains of  enteric bacteria.    Where 
possible,  the peuetic  results  are  extended  to  include study  of   the informational 
Tnacromolecules  involved. 

(") fi!) 07 70 06.     Investigations on the molecular and penetic aspects  of  inter- 
peneric bacterial   hybridizations  are  continuinp to  provide basic information for use  of 
such hybrids in understanding bacterial virulence and the  development of vaccines, 
Strains enabling  the  direct hybridization of Salmonella species with chromosomal genes 
of Shigclla flexneri   have  been developed.    These strains  have  been employed in con- 
structing S.   ty)hiniiiriuni hybrids which express,  in addition to  their native somatic 
antippr.ic  properties,  the S,   flexneri   2a group antigenic determinants.     Immunization of 
rabbits with such hybrids  induces  the formation of antibodies specifically directed 
against both these medically i-iportant microbes.     Investigations   on the behavior of  E. 
coU  phagc lambda on S.   typhosa and S. flexneri   have  revealed that  the transduction of 
the  £a]_ operon  (including the  galactose epimerase genes  involved  in lipopolysacchari de 
sowitic antigen synthesis) can be  achieved between different genera of the  cntero- 
bactereaceae.     For technical  report see Walter ifeed Army Institute of ilesearch Annual 
IVogress  Ueport,   1  .lul   fi9-30  .Inn  70. 
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Project 3A062110A822 MILITARY INTERNAL MEDICINE 

Task 00, Military Internal Medicine 

Work Unit 122, Microbial genetics and taxonomy 

Investigators. 
Principal:  Louis S. Baron, Ph.D. 
Associate:  John A. Wohlhieter, Ph.D.; Edward M. Johnson, Ph.D.; 

Peter Gemski, Jr., Ph.D.; Sheridan Easterliag,M.S.; 
Isaac R, Ryjian; Charles Life; S?-4 Ronald W. 
Leavitt, M.S., PFC Joseph Alexeichik, A.B.; 
Charlotte Parker, M.S. 

Description. 

The purpose of these studies is to investigate the genetic 
characteristics of the metabolic and antigenic changes occurring 
in the enteric bacteria as a consequence of genetic recombination, 
episomic transfer and transduction. 

1. The ability of certain Salmonella hybrid strains to repress 
the multiplication of coliphage ^can be overcoma by the presence 
of additional segments of the Escherichia coli genome within the 
hybrids. 

2. A genetic exchange system between Shigella flexneri 2a 
Hfr donor and Salmonella typhimurium recipients has been developed. 

3. Salmonella typhimurium phage 9NA employed in genetic 
studies on Salmonella lipopolysaccharide structure has been 
characterized by biological and ph/äico-chemical techniques. 

4. A partial diploid hybrid derived from a Salmonella typhosa 
Hfr strain was shown to conserve and transfer a continuous 
Escherichia coli chromosomal segment, genetically complete from 
the pro-A locus to the str locus, as determined by gradient of 
transmission, interrupted mattngs and unselected marker analysis. 

5. Matlngs of an Escherichia coli Hfr with a Salmonella typhös a 
recipient results in a partial diploic which maintains certain 
regions of the transferred Escherichia coli DNA, When the DNA is 
extracted from the Salmonella diploid hybrid, the Escherichia coli 
DNA from the hybrid is found in tha form of closed supercoiled 
circlas. In the case of one diploid examined, this circular 
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E, coli DNA had a molecular weight of between 66 to 70 million 
daltons. 

6, The Vibrio cholerae mating system originally described 
by Bhaskaran has been re-examined and confirmed as a possible 
gsnatic system for this organism. The classical Vibrio cholerae 
strain NIH41 is lysogenic for at least two different bacterio- 
phages which plate on El Tor indicator strains. 

Progress. 

1.    Salmonella typhosa strains are unable to adsorb bacterio- 
phage A because  they lack the ability to produce  functional re- 
ceptor for this phage.     As a consequence,  these  strains are inert 
to  infection withX.     In order to study the  pattern of infection 
of Salmonslla by^, we have transferred by conjugation with 
Escherichia coli K-12 Hfr donors,  a chromosomal  segment containing 
the genes controlling  the ^ phage receptor to S,  typhosa recipients. 

Despite acquisition of the ability  to adsorb A,   such S.  t^ßhqsa 
hybrids still remain insensitive to lysis by ^  though they can be 
transduced by^dg,   the  defective phage carrying  the galactose genes 
of E.   coli K-12, 

Additional  segments of the E, coll K-12 genome have transferred 
to j5,   typhosa recipients through the use of other IS.   cell Hfr 
strains.    Tha S,  typhosa hybrid strain containing further K-12 genes 
is  still insensitive to  wild-type Pj, but  is susceptible to rare 
mutants in the ^ phage population which we have  isolated and termed 
Xsx.     The Xsx mutant phage  in part owes  its ability to plate on 
particular S,   typhosa hybrids to a mutation which maps between 
genes P auf Q.    The J^sx mutant phage produces plaques at equal ef- 
ficiency on both E.  coli K-12 and S.  typhosa hybrid WR4253 but  fails 
to produce discernible  plaques on S.  typhosa hybrids  containing only 
the^ receptor region.    )^sx mutants also are unable to produce 
plaques on the j>.  typhosa diploid hybrid WR4251  from which the^sx 
sensitive strain originated as a segregant.    S,   typhosa hybrid WR4251 
gives rise to another segregant type WR4252,   also Insensitive to^sjc, 
but  from which a Xsx sensitive derivative was isolated fortuitously. 
These  Salmonella hybrid  strains can be recognized on the basis of: 
their colonial  morphology.     The small dense colony type has been 
characterized as a jj.   typhosa diploiu which is insensitive to 7\^'Jj 
as  is a large crinkled colony type segregated by the diploid hybrid. 
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Though insensitive  to )^sx, both of these strains are transduced 
by \dg at a frequency similar  to that  found with E.  coli K-12. 
A smaller  translucent colony type has been correlated with the 
Xsx sensitive  segregant.    The basis for this variation in fr sx 
sensitivity in the  diploid hybrid and its  segregant types has not 
been established, but may be due to the chromosomal or extra- 
chromosomal state of the K-12 genes in the hybrids. 

We have also tested J^'*-^'4, a hybrid between phage ^ and 434, 
as well as ^■"•^sx mutants isolated when ^^34 is plated on .3. 
typhosa hybrid WR4253,    Ths efficiency of plaque formation obtain- 
ed with these phages on the various j>,   typhosa hybrids depends upon 
the extent of E,  ccli genetic material within the hybrids.    The 
results also established that further mutant phages exist in the 
population oF^X^^sx which can produce plaques on S,  typhosa 
hybrids containing only the ^v receptor region of the K-12 chromo- 
some.    This  is also  the case with the diploid hybrid WR4251 and  its 
segregant  type WR4252 which are insensitive to^.^sx,  orX^^sx. 
but are sensitive  to mutant phaa«s in the X       J3S population,     A. 
series of hybrids between phage )y and phage 21 referred to a» X^l 
hybrids have also been tested and behave much like ^sx except that 

"ft       hybrid 1 and Xi21 hybrid 2 have mutants in their population 
whxt-h / -r'uce plaques on Sm  typhosa hybrid segregant WR4252 though 
not. ..-n s.   typhosa hybrids with only ths")\  receptor region. 

We have recently prepared diploid hybrids employing an Hfr 
strain of S,  typhosa as the recipient in crosses with a K-12 Hfr 
as the donor.     Such S, typhosa hybrids permit us to determine whether 
the K-12 diploid material within tha S.  typhosa donor hybrids is 
continuous since they can be used to donate the E, coli genes which 
they contain to F- E, coli recipients.    We have found that when 
S. typhosa hybrid strains have the continuous chromosomal segment 
extending from the origin of E. coli Hfr WP.2004 through the>\   re- 
ceptor locus which is approximately 407. of the E, coli chromosome, 
they are able  to plate wild-type )\ and )^i434 to titer and conform 
in all other respects tested to the pattern of interactions observed 
with "h in E.   coli K-12. 

At the present time, we are unable to define the  specific nature 
of tha gene or genes which permit/^ phage to plate as efficiently 
on certain S,  typhosa hybrids as it does    on E. coli.    It is ptirhaps 
likely that t'^e chromosomal segment  involved includes various loci 
specifically related to the expression of ^v in Salmonella.    It is 
also conceivable  that the genes in this segment are not specifically 
related to ^ expression but may be concerned with the general 
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functioning of foreign DNA in Salmonella, 

2.    Genetic exchange between Shi^ella flexnerj and 
Salmonella typhimurlum, 

a. Previous investigations by this  department have ex- 
tended the fertility system of Escherlchia coll K-12 to other genera 
classified in the Entarobactereaceae»    This has been accomplished by 
the use of episomal elements such as R-factors (multiple drug re- 
sistance factors)   as well as by the use of jS,  coll Hfr donor strains 
to genetically hybridize species of Salmonella, Shlgella and Proteus. 
A direct application of these intergeneric hybridization techniques 
has been the construction of avirulent E,  coll hybrids which,  after 
conjugation with either Shlgella flexneri or S, typhosa Hfr donors, 
are able to synthesize and express antigenic factors characteristic 
of these donor strains, 

b. Research,  currently 1" progress,  has resulted in an 
extension of the intergeneric mau .   ., systems presently available. 
In this instance, we hava circumvented the use of E. coll strains 
for such studies, having developed a strain of S. typhimurlum 
which is capable of  serving as a recipient of S, flexneri 
chromosomal DNA. 

c. In initial experiments,  several auxotrophic strains 
of S.  typhosa 643 Wsr and J.  typhimurlum LT2 and LT7 were mated 
with S,  flexnari 2a Hfr 256 to screen'for a functional hybridiza- 
tion system.    Although most of Salmonella recipients appeared Co 
be sterile  in natings with the S,  flexneri donor, two derivatives 
of S.  typhimurlun LT7 'exhibited  recipient ability, 

d. Subsequent mutagenesis of these  Ftvaias for additional 
genetic markers has resulted in two sublines;  strain XHAXGL, a 
S, typhimurlum LT7 which is genotypically thr"    his"    ara"    x^l" 
gal"    deu" and strain THM rfd, a S.  typhimurlum LT7 whlcli is thr" 
his"    met" and altered in its llpopolysaccharide 0 antigen speci- 
ficity (rfd"). 

e. After mating these strains with the 3, flexneri Hfr 
donor,  S.  typhimurlum hybrids, whica have Inherited Shlgella genes 
controlling threonine and leucine biosynthesis  (i.e. t-hr^". leu"*"), 
can be recovered at  frequencies of about  10~5 per donor cell. 
Genetic characterization oi; such hybrids has revealed that they 
segregate the thr1" and letfj; Shlgella genes either as a unit or 
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individually.    Thus, as has been reported for other interge.iaric 
hybrids, j>,  flexneri-S.  typhimurium hybrids are partia!  Jiploids, 

f. Previous investigations in this Division hava  shown 
that the genes controlling £u  flexneri group antigenic specificity 
are genetically linked to the histidüie opsron.    Hence,  it was of 
interest  to determine whether S,  typhimurium could express Qigella 
antigenic determinants along with its native 4, 5,  12 antigenic 
characteristics.   jJ,  flexneri Hfr 256 was mated with tht^" S. 
typhimurium hybrids and selections were made for his-*" hybrids, 
with the expectation that some of these would inherit S,  flexneri 
group antigen genes.    Of 10 such hi£*" hybrids studied,  all were 
found to have inherited Shigella antigen genes.    These hybrids, in 
addition to expressing their native Salmonella antigenic factors, 
also express S.  flexneri    group B antigenic determinants,   as detect- 
ed by slide agglutinin reactions.    Moreover    immunization of rabbits 
with one of these hybrids yielded antisera containing antibodies 
directed against both the Salmone, la and Shigella antigenic 
characters. 

g. Further investigation along these lines arc continuing, 
and it is anticipated that  transduction utilizing phage P*,  will be 
feasible between S,  flexneri and S,  typhimurium.    Such S.   typhimurium 
X S.  flexneri hybrids can prove useful in the development  of anti- 
genlcally polyvalent enteric strains for immunization against quite 
distinct gastrointestinal disease.    Likewise,  they should prove use- 
ful in elucidating the pathogenic characteristics of these organisms. 

^ •    Characterization of _S.  typhimurium phage 9NA» 

a. By means of biological and physical-chemical techniques, 
we have characterized a new S,  typhimurium phage,  termed 9NA, which 
is being employed in this laboratory and others in genetic studies 
on Salmonella lypopolysaccharide. 

b, Phage 9NA is a "tadpole" shaped bacteriophage which 
produces small plaques with irregular edges on S.  typhimurium. 
These plaques measure 0.5 mm in diameter.    This phage is specific 
for smooth strains of S, typhimurium with somatic, antigens 4, 5 
and 12 and it cannot establish a lysogenlc condition with this 
host.    One-step growth and iitracellular growth for phage  9NA on 
S,  typhimurium showed that it has a latent period of 35 minutes and 
an eclipse period of 15 minutes at 37 C,    The burst size is 150 
functional phage particles per infected bacterial cell.    The adsorp- 
tion rate constant of this virus is 4.7 x 10"9 ml/mln, whiah falls 
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within the range of adsorption rate constant Eor other phageS. 

c.    In a CsCl density gradient,  phage 9NA formed a single 
band.    The buoyant density of the band is 1,471 g/cm^.    Using this 
value,  a value of 1,30 3/cm3 for phage protein and the buoyant density 
of the DNA of this phage (1.700 g/cm3),  it was estimated that the 
whole phage is composed of 43% nucleic acid and 57% protein.    The 
ultraviolet  absorption spectrum of tha DWA of phaga 9NA shows a 
maximum at 260 mju, a minimum at 230 am and a 260/230 ratio of 1.90, 
Tha malting curve for phage 9NA DNA is characteristic of doubla 
stranded DNA.    The malting temperature of 86,2 C corresponds to a 
guanine plus cytosine content of 41%,      The buoyant density of the 
nucleic acid of phage 9NA,  in a cesium chloride density gradient 
(1,700 g/cm3)  corresponds to a guanlie plus cytosine content  (G-C) 
of 41%.    Tha buoyant density of  the nucleic acid for phage 9M 
confirmed that it is DNA,    The sedimentation coefficient for the 
DNA of phage 9NA, determined in 0,1 M potassium phosphate was 
23 S.    Using this value, the molecular weight of the phage was 
calculated to be 20 million daltons. 

4,    Conservation and transfer of Escharichia coll genetic 
segments by pa/tial diploid Hfr strains of Salmonella typhosa, 

a.    We have continued our studies of partial diploid hy- 
brids obtained by using the Salmonella typhosa Hfr strain WA4000, 
as  the recipient in crosses with Escherichia coli Hfr donors  (see 
Anrual Report, WRAIR, 1959),    Three of these S. typhosa Hfr hy- 
brids were obtained from the cross with the E, coli Hfr WR2004 
which transfers its chromosomal markers in the following order: 
origin- pro+    (proline synthesis),  leu*-  (leucine synthesis),  ara+ 
(arabr.nose utilization),  thr*" (threonine synthesis),  arg^ (arginine 
synthesis),  rhff<" (rhaunose utilization),  tna"1" (production of indol), 
xyl+ (xylose utilization),   str-s  (sensitivity to streptomycin,fuc-1- 

(fucose utilization), and his+" (histidine synthesis).    One of the 
S.  typhosa Hfr hybrids designated WR4272 contained the E,  coli 
markers ara+,  rha+, tna+ and xvi+, the others designated WR4270 and 
WR4271,  contained the E,  coli markers ara+, rhtf'',  ttiia+ xyl+ and fuc*". 
Previously,  these hybrids had been shown to transfer some of these 
E,  coli diploid markers to the  S,  coli recipient strain WR3051 at 
frequencies characteristic of the E,  coli Hfr from which they were 
derived.    We have subsequently examined the transfer of E,  coli 
markers which are present  in these strains but not differentiated 
by phenotypic expression,  i.e.,  pro+,  thr-1',  leu+, arg+ and str-S, 
The gradient of transmission of most of these markers from the S^, 
typhosa Hfr hybrids to E,  coli WR3051 is shown in Table   1    ,    The 
transfer frequencies of these markers  from the analogous E.  coli 
Hfr WR2004 are also shown for comparison.    With each of the j5. 
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typhosa Hfr hybric!3|ro+ was transferred at the highest frequency, 
with thr+-leu^ (and ara+),   arg"*". S[l+ and (in the case of WR4270 and 
Wcl4271)   fucr*" transfer frequencies in descending order of magtiituie. 
The transfer of his+ was not detected. 

b. Interrupted matings were performed with the  S,  typhosa 
Hfr hybrid WR4272,  again using E,  coli WR3051 as tha recipient. The 
observed entry times of 5 minutes for £ro+,   12 minutes for thr+-leu+> 

and 23 minutes for arg^ were tha same as those observed with E. coli 
Hfr MR2004.    No attempt was made to determine  tha  time of entry of 
tha 3C£l+ marker.      However the examination of 100 xyl+ selected hy- 
brids ftom the S.  typhosa Hfr 4272 X E. coli WR3051 cross showed the 
following unselected marker inheritance percentages:  arg+ 46%;  thr+- 
^eu+,  44%; pro+j 48%,     In addition to exhibiting this proximal un- 
selected marker inheritance pattern typical of E,   coli Hfr X F" 
crosses    20% of the xyl+ hybrids were found to have become sensitive 
to streptomycin.    This result indicates their receipt of the distal 
(to xvl+) E. coli str-s allele,   thereby revealing its presence in 
S,  typhosa Hfr hybrid WR4272,     These findings are consistent with 
the  interpretation that SQ  typhosa WR4272 containg,in addition to 
its Salmonella genome,  a physically continuous E,   coli chromosomal 
segment which is genatically complete from the pro A locus to at 
least the str locus.     In S,   typhosa Hfr hybrids WR4270 and WR4271, 
the diploid segment appears to be complete and continuous through 
the fuc locus, 

c. S, typhosa Hfr hybrids capable of transferring E. coli 
genes at high frequencies were constructed also by mating ^, 
typhosa Hfr WR4000 with the E,   coli Hfr donor WR2010  (origin... 
tna+.,,xyl+).    These j5.   typhosa Hfr hybrids were determined to 
contain either the  linked E,   coli xyl"1" tiud- markers or the select- 
ed }cyl+ marker alone,    Tha ability of ten Hfr hybrids containing 
the xyl+- tna1" markers to transfer xyl^to E.  coli WR3051 was com- 
pared with that of ten Hfr hybrids containing only the xyl+ 
marker.    Seven of the ten xyl^ tng^ hybrids transferred xyl+ to 
E,  coli WR3031 at frequencies of 5 X 10-3 to 5 X 10-2 per donor 
cell.     In contrast,  the hybrids exhibiting only xyl+ transferred 
this marker to Z,  coli_ WR3051 at frequencias of 10-^ to 10-6, 
and one showed no transfer at all.    Since the tnat-    allele is 
close to the origin of E,  coli Hfr WR2010 tha higher transfer fre- 
quencies observed among the hybrids exhibiting  this marker may 
suggest that tha presence of  the Hfr origin on the  dipolid seg- 
ment is of some importance with regard to transfer efficiency. 

d. Because the E,  coli gene segments contained in the 
E.  coli WR2010-derived hybrids of S.  typhosa WR4000  appeared com- 
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paratively short, we attempted to determine if their transfer 
occurred in the manner observed with F" merogenotes.    We 
examined a number of E^ coli WR3051 hybrids which had  received 
the xyl+ marker at high frequency from a xyl+ tna*" S,   typhös a 
Hfr hybrid to see whether they,   in turn, might transfer this 
marker to S,  typhosa WR4204,    Transfer of the xyl+ marker in 
these  crosses was not observed,    S.  typhosa WR4204 did,  of course, 
accept transfer of the xyl+ marker from the j3,  typhosa xyl-*" tna-*" 
Hfr hybrid    but again,  the resulting xvl+ hybrids of S,  typhosa 
W.-14204 were not observed to transfer x^l* to E. coli WS.3051. 
Thus,   transfer in the manner of F- merogenotes was not detected. 
It seems likely that tha E.  coli diploid segments are trans- 
ferred from these strains as a consequence of their interaction 
with the chromosomally located sex factor of the S,  typhosa Hfr, 

5,    Isolation of circular DNA from Salmonella typhosa hybrids 
obtained from matings with EscherLchia coli. 

a.     It is possible  to mate a Salmonella typhosa with an 
E,  coli Hfr donor.    During the mating a segment of the E,  coli 
chromosome is transferred to the Salmonella typhosa cell making 
it diploid with respect to those markers carried on the E,  coli 
segment. 

b. We have initiated studies designed to determine  the 
physical characteristics of the J5,  coli exogenote DNA in diploid 
Salmonella typhosa hybrids.    These Salmonella typhosa diploids 
were made by mating E,  coli AB313,   an Hfr, with Salmonella typhosa 
643.     The  lead markers of "the Hfr AB313 after the origin are 
tcyptophanase, a gene involved  in the production of indole,  and 
xylose, which determines the ability co ferment xylose.     When 
this  segment of the E,  coli chromosome is transferred during 
mating to the Salmonella cell,  the cell becomes diploid for the 
region it ha« received from the E.  coli Hfr, Although these 
partial diploids are stable    the E,  coli characteristics segre- 
gate out at a low frequency,  resulting in cells which are again 
haploid Salmonella.    This  indicates  that the E,   coli DNA is 
present and  functional in the  Salmonella t2J)hosa_recipient as an 

addition to the Saloionella genome.     Since these E,  coli genes 
duplicate alleles which are already present on the Salmonella 
chromosome,   they can be lost without effecting the viability of 
the Salmonella host. 

c. The possibility that  the 2,  coli markers might be 
associated with a functional sex factor was considered since the 
mating did involve an E,  coli Hfr,     This idea was rejected,  how- 
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ever, since it was found that the E, coli markers could not be 
transferred out, as they would be if associated with a functional 
sex factor F, We were also unable to detect any sensitivity to 
male phage in these hybrids, and this sensitivity is also deter- 
mined by the sex factor F. 

d. When DNA was extracted from om  of these Salmonella 
typhosa hybrids and examined in a cesium chloride density gradient, 
only one band of DNA was observed. This is due to the fact that 
E. coli DNA and Salmonella DNA have the same guanine plus cytosine 
content. But if ethidium bromide is added to the DNA before it is 
centrifuged in the cesium chloride density gradient, supercoiled 
circular DNA is separated from the linear DNA and two bands are 
observed, Ethidium bromide Intercalates better with linear DNA 
than it does with circular DNA and will cause a decrease in the 
buoyant density of the linear DNA. 

e. Ethidium bromide experiments done on one of the 
Salmonella typhosa hybrids, 643 xyl" tna' and its haploid segre- 
gant, 643 xyl" tna", show that the partial dlploid will give two 
bands of DNA. The main band corresponds to the highly labeled 
Salmonella DNA, and the smaller band observed in the 643 xyl+ tna^ 
represents the more dense, circular IS. coli DNA. The per cent of 
circular DNA is about 1% of the total DNA extracted from the 
Salmonella partial diploid cells. DNA from the 643 xyl" tna" 
haploid cells has only the large band and does^not have any circu- 
lar DNA. Thus the loss of the genetic markers corresponds to a 
loss of the band containing circular DNA. 

f. The fractions containing the circular DNA were com- 
bined and dialyzed to remove the ethidium bromide. A sedimenta- 
tion velocity run In a 5% - 207» sucrose gradient was done on the 
dialyzed circular DNA, using a 41 S DNA as a known molecular 
weight reference. Using the relationship of distance sedimented 
to molecular weight, the E, coli circular DNA, from the 643 xyl+ 

tna"*" diploid, has a molecular weighu of about 70 million daltons. 
The circular DNA from this same sample was  also examined in the 
electron microscope using the protein monolayer method of 
Kleinschmidt. Eighteen open circular DNA molecules were measured 
and give a mean contour length of 33.9 microns. Using a value 
of 1,94 x 10° daltons per micron, this gives the molecule a 
molecular weight of 66.4 x 10^ daltons. 
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g.  In summary,   the mating of an E,  coll Hfr,  scraln 
AB313,  with Salmonella typhosa 643 results In a partial diplold 
which can express genetic characteristics of the transferred E. 
coll DNA.    When the DNA Is extracted from tha diplold,   the E." 
coll DNA is found in closed,  supercolled circles.     In the case 
of one diplold examlnad,  this circular E. coll DNA had a molecu- 
lar weight of between 66 and 70 million daltons. 

6.    No confirmatory reports of Bhaskaran's earlier observa- 
tions on the mating system In Vibrio cholerae have been published 
as yet.    We have now confirmed some of Bhaskaran's results using 
plate mating procedures similar to those he described and by 
means of broth matings.    There remains, however,  a dearth of both 
genetic and biophysical evidence suitable to allow an unequivocal 
Interpretation of the results as being due to conjugal transfer. 
Both maltose and galactose negative Vibrio cholerae mutants were 
used as recipients but no linkage of these markers to any of the 
five auxotrophic markers present in Bhaskaran's strains (pur~, 
leu~,  arg", his-,  llv")  has been demonstrated in colonies pre- 
suiiKid to be recombinants.    Attempts to produce a genetic donor 
of Vibrio cholerae able to yield a higher number of genetic re- 

,/jibinants in mating experiments have been unsuccessful. 

Strain NIH41, a classical Vibrio cholarae strain has been 
shown to be lysogenlc for at least two bacterlophages which plate 
on El Tor strains#MAK757 and a streptomycin resistant variant of 
Phil 6973.    Bacterlophage 41B plates oü MAK757 and on H218.    All 
the plating strains are El Tor cholera vibrios.    Clean mutants of 
41B have been obtained which plate on MAK757/A, but not on NIH41. 
These two bacterlophages do not plate on VC154,  the commonly used 
indicator strain for classical cholera bacterlophage. 

Summary and Conclusions: 

1.    Salmonella typhosa hybridized by conjugation for the malA 
region encompassing the A rep locus with an Escherichla soli Hfr 
adsorbAbut lysis does not occur.     In contrast,  S,  typhosa hybrids 
having more extensive regions of the E. coli K-12 genome  fall into 
different groups with respect to lysis by wild-type X,  hybrids of 
\,  and mutants of A.    Thus certain S, typhosa hybrids behave 

similarly to S, coll K-12 in susceptiDillty toA lysis while others 
are  lysed only by a A mutant we have isolated and termed  A sx.    The 

A sx mutant in part owes  its ability to plate on these particular 
S,   typhosa hybrids to a muf "tion which maps between Ägenes P and 
Q,     Various hybiids between A and phage 21 (A       ) have also been 
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tested and those with the N gene of phage 21 behave much like 
y\8x.    There appears to be a difference in that >v i^ hybrid I and 
■)^lhybrid 2 produce plaques at a reduced efficiency of plating on 
S, typhosa hybrids which are not  lysed by)^£x.    These results 
suggest that lysis of S. typhosa hybrids is dependent upon the 
presence of K-12 genes in addition to the A rep region. 

2, A genetic exchange system between S.  fleacneri 2a Hfr 256 
and S.  typhimurium recipients is described.    After mating    S, 
typhimurium LT7 strains THAXGL and THM rfd with a S,  flexneri 
Hfr donor,  thift  leu+ and his"*" hybrids, which behave as partial 
diploids, were recovered.    The his-*" S.   typhimurium hybrids also 
inherited the closely linked group antigen genes of S,  flexneri, 
expressing both their nature 4,5,12 antigenic characters and the 
group antigenic characters of S.  flexneri 2a» 

3, 5L.   typhlmurimn phage 9NA,   is ^'smooth specific",CNA con- 
taining phage  (43'i DNA, 57% protein) which plates only on 3, 
typhimurium with wild type lipopolysaccharides.    It has a latent 
period of 35 minutes (15 mil. eclipse),  resulting in bursts of 
about 150 phages per infected cell.    It's DNA is double stranded, 
with a guanine-cytosina content of 41% as revealed by melting 
curve and CSC1 gradient analysis.    Its molecular weight is about 
2 X 107 daltons. 

4, Three partial diploid Sabnonella typhosa Hfr strains, 
construced from matlngs with Escherichia coli Hfr WR2004 (origin... 
pro A ...ara),  transferred the diploid E, coli genes at frequen- 
cies characteristic of Hfr WR2004.    The gradient of transmission 
of the diploid roarkers from these S.   typhosa Hfr hybrids was the 
same as that of E,  coli Hfr Wft2004.    With one of the S. t^jahosa 
Hfr hybrids interrupted mating entry times for the pro^,  thrf-letH", 
and arg+ markers were identical to those of Ilfr WR2004, as was 
tha pattern of unselected marker inheritance.    The findings indi- 
cated that the S, typhosa Hfr hybrids conserved a single,  contina- 
ous E.  coli chormosomal segment, which wa? in one of these hy- 
brids,  genetically complete from the pro A through the str locus. 
In the other  two,  the diploid E.  coli  segment appeared complete 
from pro A through fuc.    Other classes of j5,  typhosa Hfr hybrids, 
derived from mating with E, coli Hfr Wl^OlO  (origin.  ,  .tna.   .   . 
xyl) were also observed to transfer E.  coli genes at high fre- 
quency. 
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5. We have investigated several Salmonella typhosa hybrids 
obtained from matings with Escherichia coli and  found  the genetic 
material of the E,  coli parent exists in the hybrids as circular 
molecules of DNA.     The  S.  typhosa hybrids,   from matings with an 
E.  coli Hfr    are partial diploids in which the E^,  coli exogenote 
is maintained in a relatively stabla condition.     Such hybrids, 
examined by the ethlditui bromide-CsCl technique  for demonstrating 
circular DNA, were  shown to contain a band of circular DNA.    This 
band is correlated with the presence of E.  coli DNA since no band 
is observed with haploid segregants of the J3,  typhosa hybrids 
from which the E,  coli genetic markers have been lost.    It is un- 
likely that this phenomenon is associated with the presence of a 
functional sex factor,  F,  in the hybrids.    Neither transfer of F 
nor the S. coli exogenote occurred nor was  sensitivity to male 
phage detected.    The circular DNA molecules  from a diploid S, 
typhosa hybrid containing the xylose fermanting allele of E. coli 
have been isolated and characterized by sucrose density gradient 
centrifugation and by electron microscopy.    These molecules 
have a weight of 66 X 10^ daltons and a length of 34 microns. 

6, The mating  system of Vibrio cholerae has been investigated 
using the auxotrophic mutants originally isolated by Bhaskaran and 
carbohydrate non-ferm.enting   derivatives of his strain.    However, 
linkage of the maltose or galactose markers to rive auxotrophic 
markers previously present was not observed.    The classical strain 
of Vibrio cholerae,  NIH41, has been shown to be  lysogenic for two 
bacteriophages,  designated 041A and 041B which can be separated by 
means of different El Tor indicator strains,  as wall as different 
plaque morphologies. 
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23.(U)  Pathology and Pathogenesis of various conditions of the gastrointestinal tract of 
man and experimental animals are studied by multidisciplinary approaches with emphasis on 
norphology.    These investigations are considered essential parameters  for a comprehension 
and scientifically based therapy of diarrheal diseases, enteric infections and radiation 
injury to the intestine. 
24.(U)  Principally morphologic,  including light,  fluorescent and electron microscopic 
examinations.  Kinetic studies using tritium labelled thymidine and histochemical in- 
vestigations are also employed. 
25.(U) 69 07-70 06 Work on the mucosubstances has been extended into collaborative study 
on stress ulcer.    A manuscript "The Effects of Staphylococcal Enterotoxin on the Epithel 
ial Mucosubstances of the Small  Intestine of the Rhesus Monkey" has been accepted for 
publication by Am. J.  Path.    A summary of this work will be presented at the Spring meet 
Lng of FASEB and at the March meeting of the AFEB.    Sequential  immunopathologic studies 
an cholera toxin absorption have been submitted for presentation at the annual meeting 
sf the Am.  Castro. Assoc. The paper "Effects of a Protein-Deficient Diet on the Liver, 
Pancrease,  Stomach and Small Intestine of the Rat" has appeared in Arch. Path.,  Dec.1969 
Phe manuscript on the effect of neutron irradiation on the gut of germfree and convent- 
ionally raised mice referred to in the previous report has been completed.    The manuscrip 
'Idiopathic Recurrent Cholestasis"has been accepted for publication in Pediatrics. The 
nanuscript "Experimental Diarrhea:  Salmonella Enterocolitis in the Rat" by Maenza et al 
las been accepted for publication by J.   Inf. Pis. Work on intestinal spirochetosis,  amebi 
»sis,  choleraic and non-choleraic diarrhea is continuing. An abstract  "Intestinal  Spiro- 
:hetosis,  a Unique Host-Parasite Relationship" has been selected for presentation at the 
970 American Association of Pathologists and Bacteriologists.   For technical  reports  see 
l!ftJitSf.0&SftA.^ay.ritos.tiAa» of Research Annual  Progress Report.   1 Jul 69-30 Jun  70. 
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Project 3A062nOA822  MILITARY INTERNAL MEDICINE 

Task 00 Military Internal Medicine 

Work Unit 123, Histopathologic manifestations of diarrhea! diseases 

Investigators. 
fHncipal: COL Helmuth Sprinz, MC 
Associate: LTC Daniel Sheahan; Akio Takeuchi, M.D.; Helen R. 

Jervis, D.Sc; MAJ Vincent Kao; MAJ Michael Zimmerman 

Description 

Studies of the pathogenesis and the evolution of the histologic 
lesions of the various forms of enteritis were continued and elab- 
orated. New approaches to some of these studies have commenced. 

Progress 

1. LTC Sheahan together with COL Sprinz handles consultations. 
He collaborates with Dr. S. B. Formal in the investigations of 
effects of bacterial hybrids on the gastrointestinal tract of guinea 
pigs and rabbits.   Studies on the histochemistry of intestinal 
mucins have continued.   A paper entitled "The Effects of Staphy- 
lococcal Enterotoxin on the Epithelial Mucosubstances of the Small 
Intestine of the Rhesus Monkey" has been published in the American 
Journal of Pathology.    A summary of this work was presented at the 
Spring Meeting of FASEB and also at the March meeting of the AFEB. 
Current investigations include the histochemical study of such mucins 
in various species of mammals, in experimental animal models of 
cholera and shigellosis and in acute gastroenteritis due to coli- 
form organisms including backerial hybrids.    Sequential pathologic 
studies of staphylococcal enterotoxin absorption in susceptible as 
well as non-susceptible animals have also commenced.    The study of 
intestinal mucins in "stress ulcers" produced in the guinea pig 
continues. 

2. MAJ Kao has devoted his attention to sequential immuno- 
pathologic studies on cholera exotoxin absorption by immuno- 
fluorescent means.   A summary of this work was presented at the 
71st Annual Meeting of the American Gastroenterological Association 
in May 1970.    In collaboration with Dr. Takeuchi the same phenomenon 
is being studied ultrastructurally using horse radish peroxidase 
labelled anti cholera toxin antibodies. 

3. Dr. Takeuchi continues his studies of bacterial penetration 
of the intestinal mucosa using multiple morphologic techniques. 
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These include light microscopy, transmission, scanning and negative 
staining electron microscopy and freeze etching.   He has been in- 
vited to submit a monograph in Japanese on the mechanism of pene- 
tration of enteric pathogens.   This will appear in the Proceedings 
of the Japanese Society of Microbiology held in Tokyo in 1968. A 
shorter version will appear in Current Topics in Pathology Series 
(Springer Verlag, New York) also by invitation.   Current emphasis on 
intestinal spirochetosis has received wide acclaim.    Further obser- 
vations on this work were presented at the American Society of 
Pathologists and Bacteriologists in St. Louis.   A further manuscript 
describing the relationships of such organisms to the intestinal 
mucosa of both'man and monkey is in preparation.    Further investigat- 
ion of this phenomenon includes studies of experimental amebiasis 
in guinea pigs in collaboration with Dr. Phillips of the National 
Institute of Infectious Disease.    National recognition was given to 
Dr. Takeuchi's investigative efforts when-a scientific exhibit "Pene- 
tration of the intestinal epithelium by various microorganisms" 
by A. Takeuchi and H. Sprinz received a certificate of merit at the 
annual convention of the American Medical Association in New York 
in July 1969, first prize at the American Academy of Gastroenterology 
at Houston in October 1969 and second prize at the New York State 
Medical Society Meeting in February 1970. 

4.    Dr. Jervis has been the principal associate collaborating 
with members of the Department of Radiobiology, Division of Nuclear 
Medicine.   A manuscript comparing the small bowel histology in 
germ-free and conventional mice following neutron irradiation 
has been submitted.   Preliminary results of this work were presented 
at the 8th Annual Meeting of the Association for Gnotobiotics at 
Oak Ridge, Tennessee in June 1969.    A paper describing the effects 
of protein depletion in the rat which was started by Dr. K. Madi, a 
Brazilian citizen, was completed by Dr. Jervis and published in 
Archives of Pathology.    She is currently investigating the patholog- 
ical responses to malarial infection in Aotus monkeys and the 
histochemical properties of the Clara cell in collaboration with 
Dr. Takeuchi. 

Summary and Conclusion 

In our research effort we have been trying, to the permitted 
extent or that material is made available to us, to study human 
conditions or experimental models applicable to man.   Great emphasis 
was placed on multidisciplinary and collaborative research. 
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23. (U)    The nutritional anemias are correctible diseases which are commonplace in 
geographic areas of military importance.    These diseases markedly reduce the cap- 
ability of affected populations to perform work or sustain a military effort and 
remain self supporting. 

24. (U)    Establishment of standards and standard methods for detection and quantifi- 
cation of these diseases.    Studies of the nutrient content of various foodstuffs and 
the effects of commonplace diets and chronic infection upon    the absorption of essential 
nutrients. 

25. (U)    69 07 - 70 06    International standards for hemoglobinometry were developed in 
this laboratory and are maintained for worldwide distribution.    Iron standardized 
methods are being developed in collaboration with ICSH and WHO.    Basic studies of the 
mechanisms of iron absorption by the gut have shown the importance of the composition 
of the diet because of the capability of commonplace ingredients in foodstuffs to 
chelate iron and make it more acceptable or unacceptable for absorption.    Ferrltin 
in the small intestinal mucosal ceM was shown to be an excretory and storage protein 
and not a regulator of absorption.    For technical reports see Walter Reed Army 
Institute of Research Annual Progress Report,  1 Jul 69 - 30 Jun 70. 
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Project 3A062110A822, MILITARY INTERNAL MEDICINE 

Task 00, illlltary Internal Medicine 

Work Unit 125, Uematology and nutritional deficiencies of military 
Importance 

Investigators. 
Principal:    COL Marcel E. Conrad, MC 
Associate:    LTC George M. Bernier, MC, MAJ Stanley G. Schade, MC 

Mr. Harold L. Williams 

Description. 

Studies of the mechanisms regulating the body content of trace metals 
by investigation of both absorption and excretion of radioactive 
labeled compounds. 

Progress and Results. 

Investigation into the metabolism of iron continues in this laboratory 
because iron deficiency is a major nutritional problem and a source of 
debility to many underprivileged persons in diverse geographic areas 
of the world.    Progress would be furthered by rapid, reliable, prefer- 
ably simple and widely accepted methods of measurement of serum iron 
and total iron binding capacity.    For several years now, cooperative 
work to develop and standardize such methods has been in progress 
under the auspices of the International Committee  for Standardization 
in Hematology and in collaboration with the World Health Organization. 
This laboratory has been a focal point of this cooperative effort. 
It Is anticipated that this endeavor will permit quantification of the 
nutritional problem and Improve laboratory techniques in both military 
and civilian laboratories. 

The ultimate regulator of Iron absorption In the body is not known. 
Many factors - intralumlnal, mucosal, corporeal - demonstrably influ- 
ence absorption, but the primary regulator has yet to be discovered 
(1-4). 

Studies showed that intestinal motllity affects  the absorption of iron. 
Both atroplne and phenoxybenzanine slowed intestinal motllity when 
Injected Into rats,  and these rats absorbed more  Inorganic iron than 
control animals.     Isolated loops of intestine from animals treated 
with phenoxybenzamlne absorbed the same amount of iron as controls. 
Thus the drug effect did not appear to be on the mucosal cells.    This 
contrasts with isolated loops from animals  treated with endotoxin, 
which absorbed less iron than controls  (3).    This suggests that the 
frequency of diarrhea among underprivileged peoples in many geographic 
areas may contribute significantly to iron deficiency. 

1215 

aa^MK MMMBMMHIHMaHMMB MMM 



■"—-"—■v-i" "  

The role of transferrln in Iron absorption was studied both Immediately 
and 3 days after Infusion of human transferrln.     Iron absorptl m was 
also measured In normal and Iron-loaded rats over a 5 day period after 
Infusion of transferrln.    The absorption of Iron was unaffected by the 
administration of transferrln  (4). 

Cobalt and iron have similar structures and seem to share a common 
absorptive Intestinal pathway.    Sequimolar amounts of cobalt or Iron 
are equally effective In decreasing the absorption of the other metal. 
Further,  Iron deficiency and enhanced erythropolesls  Increase absorp- 
tion of both cobalt and Iron.    On the other hand,  cobalt absorption Is 
affected less In conditions which diminish Iron absorption.    Using 
rabbit antibodies to rat ferrltln, it was possible  to demonstrate that 
whereas orally administered radioactive iron is Incorporated into fer- 
rltln in the mucosal cells of rat small intestine,  cobalt is not.    The 
capability of ferrltln to hold iron in Intestinal cells and prevent its 
transfer, when not needed,  into the body serves as a mechanism for di- 
minishing iron absorption which is not available  to cobalt.    The data 
support the hypothesis  that ferrltln serves a storage function in the 
Intestine and not as the primary regulator of iron absorption. 

It has been demonstrated that iron administration stimulates the syn- 
thesis of ferrltln in the gut and apparently also in liver and spleen. 
This synthesis in the Intestinal mucosa was shown here to ue dependent 
on dose  (linear within a certain range)  and upon route of administra- 
tion.     Cobalt does not have such activity.    When iron was administered 
parenterally to rats, significant ferrltln synthesis occurred in the 
distal lleum.    Following oral administration most of the synthesis was 
in the proximal lleum.    These results suggest that intestinal ferrltln 
plays an important role in the elimination of iron from the body, as 
well as its incorporation. 

Basic studies of the regulation of iron absorption provide insight into 
both the etiology of this commonplace nutritional deficiency and the 
problems encountered in the appropriate prevention and therapy of this 
disorder on a large scale basis. 

Conclusions. 

International cooperative effort between 8 laboratories Is succeeding 
in developing rapid, reliable, simple and widely acceptable methods 
for measuring serum Iron and total iron binding capacity.    Other work 
in this laboratory is cited which provides the following evidence: 

a. Slowed Intestinal motlllty enhances iron absorption. 

b. Transferrln administration does not Influence iron absorption. 
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c. Orally administered iron is  incorporated into ferritin in the 
intestinal mucosa;  cobalt is not.    The data indicate  that ferritin 
serves a storage function but is not the prime regulator of iron ab- 
sorption. 

d. Iron administration induces synthesis of ferritin in the in- 
testinal mucosa.     If given intravenously, most ferritin is formed in 
the distal ileum;  if given orally, most is formed in the proximal 
ileum.    These observations are believed to be evidence for a function 
of ferritin in the excretion of iron from the body, as well as  its 
incorporation. 

Recommendations. 

Standardized methods to quantify the magnitude of the   problem of iron 
deficiency on a worldwide basis are required.    Effective nutritional 
recommendations which would permit correction of this widespread nu- 
tritional problem would enhance the capability of peoples in under- 
privileged geographic areas to become more self supporting. 
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Project 3A062110A823    MILITARY PSYCHIATRY 

Task 00, Military Psychiatry 

Work Unit 030, Military Psychiatry 

Investigators 
Principal: 
Associate: 

Robert M. Rose, M.D. 
MAJ Leo E. Kreuz, MC; MAJ Jonathan F. Borus, MC; 
MAJ Jay P. Mohr, MC; MAJ Gene R. Moss, MC; 
MAJ Alan D. Sklar, MC; CPT Timothy F. Hartnagel, MSC; 
CPT John W. Holaday, MSC; David H. Marlowe, Ph.D.; 
SP 5 Gary Sax; SP 4 H. Lester Kams, SP 4 Joyce Pittman; 
SP 4 Kenneth J. Sulak 

I. INTRODUCTION 

Work in the Department of Psychiatry in the past year has continued 
in three broad areas.    Greater emphasis has been placed on the field and 
preventive aspects of military psychiatry.    Studies of the effects of 
social and psychological stress on various hormones have continued, 
using animal models as well as human studies.    The third area involves 
the application of behavior principles to specific clinical problems, 
e.g., accurate assessment of sensory and cognitive loss following brain 
injury. 

II. FIELD AND PREVENTIVE STUDIES 

With the arrival of LTC Holloway, MC and MAJ Borus, MC ongoing 
work in the depart ent has been increasingly focused on the plan for 
establishment of an expanded MHCD facility at Ft. Meade. This involves 
not only provision of consultation to individuals and command, about 
specific problems, but a study of group interactions along a systems 
model to gain better understanding of the origins of ineffective and 
maladaptive behavior. 

CPT Hartnagel, MSC, is completing the follow-up of 250 men 
sent  to the stockade at Ft. Meade after AWOL offenses along with 100 
patients admitted to the NP Wards, WRGH with a diagnosis of character 
and behavior disorder.    The coding of Interviews and records is  in 
progress.    This study will provide reliable information as to 
similarities and differences between these two groups with respect to 
a number of relevant variables, such as performance in the Army, 
incidence of previous military offenses,  and past personal history. 
Serious difficulty has been experienced in arranging for the use of 
computer facilities for data analysis.    This appears to be related 
primarily to a lack of adequate programming help, despite the general 
availability of a number of canned programs for data analysis. 
Arrangements have been made with COMPSY program at WRGH for computer 
assistance in comparing the MMPI of AWOL prisioners with that of 
character disorder patients. 
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The department is collaborating with CPT Stanton, MSC, at the 
MHCD at Ft.  Meade on the analysis of data he has collected on the 
incidence of use of marijuana and other drugs in Army personnel. 
However, similiar to the follow-up data on AWOL prisioners and 
character disorder patients, this analysis will be severely hampered 
unless adequate computer help can be arranged. 

MAJ Sklar, MC has completed a large study of over 700 men, 
comprised of 350 patients seen at the MHCD as well as 350 controls 
selected from a platoon at Ft. Meade.    He studied the relationship 
between separation from parents during childhood and increased 
susceptibility to various behavioral difficulties as estimated by 
significantly altered scores on a variety of psychological tests. 
These data gathered over a wide population base, provide more 
reliable guidelines for the counseling of dependents during 
separation from active duty personnel. 

MAJ Borus, MC has set up a study this spring in collaboration 
with the Sixth Armored Calvary Regiment at Ft. Meade, to examine 
the adjustment of Vietnam returnees upon  arrival from Vietnam and 
assignment to a garrison post.    The prospective study will assess 
difficulties in readjustment of the next 200 men to enter the 
Sixth Calvary from Vietnam. 

A second project is planned for the design and testing of an 
instrument to measure racial perceptions in the Army.    Appropriate 
clearance has been obtained from the DA for the use of various 
records specifying race.    It is hoped that this Racial Perceptions 
Inventory will help evaluate the effectiveness of various inter- 
ventions proposed to diminish interracial disorders. 

Dr. Marlowe continues his analysis of the k years of data 
collected on social groups in Thailand.    His work clarifies the 
various ways groups attempt to cope with crises and how the group 
effects the form of interaction between patient and health 
practitioner.    These analyses are relevant to the plans for the 
expansion of the MHCD planned at Ft. Meade in FY 71. 

MAJ Moss, MC in collaboration with Dr.  John Boren, Department 
of Psychology, American University, has been studying the application 
of operant techniques to outpatient psychiatric treatment.    The 
purpose of the study is to develope explicit psychiatric procedures 
that can be made public for utilization in counseling at the MHCD. 
MAJ Moss has written a comprehensive outline of the behavior 
therapies, which recently appeared in the International Journal of 
Psychiatry. 

1222 

Mill HMMMi 



^m^mmmmmmmmm!^ 

111.     HORMONES £ BEHAVIOR 

A. Animal Studies 

The first major study of the interaction between social 
behavior, including aggression and dominance rank, and testosterone 
in rhesus monkeys was completed this past year.  In collaboration 
with Dr. Bernstein of the Yerkes Regional Primate Center, a group of 
34 adult male animals was formed, followed by observation and 
recording for three months of all behavioral interactions between 
animals.  These data were analyzed by computer for the frequency and 
duration of all interactions, including a fine grain analysis of all 
agonistic behaviors. Plasma testosterone was measured in all 
animals after a period of adapting to them to capture and venipuncture, 

Testosterone was found to correlate significantly with 
dominance rank as well as overall aggressive behavior, which consisted 
primarily of non-contact aggression (threats to subordinate animals). 
Threats and submissive gestures are the primary means of maintaining 
the dominance hierarchy in the rhesus, rather than actual physical 
attack.  It was also found that animals who most frequently exhibit 
aggressive behavior have the highest testosterone even though they 
were not necessarily the highest in dominance rank. 

The performance of high and low dominance animals will be 
studied this year in standard stress paradigms.  Previous work has 
suggested that animals who appeared in the laboratory to be most 
aggressive (to humans) showed more intense endocrine responses to 
stress than more passive or submissive animals. This relationship 
will be more rigorously tested utilizing this group of 34 animals. 

As an adjunct to these studies of aggression, performance 
and testosterone, MAJ Kreuz, MC, is collaborating with Dr. Perachio 
of the Neurophysiology Laboratory at Yerkes in a study of endocrine 
correlates to brain stimulation which evokes aggressive and sexual 
behavior.  This will help evaluate the pathways responsible for the 
control of testosterone secretion.  In addition, MAJ Kreuz is 
studying the relationship between prolonged fighting behavior in 
rats and levels of plasma testosterone. 

B. Human Studies 

Clearance has been requested from the Office of the Provost 
Marshal General and USAMRDC for a study of hormone and XYY chromo- 
somes in men sent to the Correctional Training Facility, Ft. Riley, 
Kansas. 
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Men six feet in height and over will have their karyotype 
analyzed for the presence of an extra Y chromosome. They will be 
matched with controls selected for body weight and military offense 
and will be interviewed by two psychiatrists blind to their identity 
to test concepts of Increased aggression or Impulsiveness presumably 
associated with XYY males. In addition, performance at the CTF and 
future Army career of the XYY men will be compared to the controls. 
The identity of XYY men will remain confidential from the CTF staff 
In order to prevent biased assessment of their performance. In 
addition, selective controls and XYY males will have more comprehensive 
studies of their testosterone metabolism using labelled hormones, 
performed on a volunteer basis as per AR 70-25. 

Clearance is being obtained for the long term study of 
candidates at the Officers Candidate School, Ft. Belvoir. Per- 
formance of individual men will be correlated with levels of 17-OHCS 
excretion and testosterone. Measurement of individual coping styles 
as well as rate of adaptation to the group will be correlated with 
stress measures and performance at DCS. 

The prison inmate group at Patuxent Institute for Defective 
Delinquents is being studied longitudinally in order to determine 
possible relationships between behavior and endocrine functioning. 
Blood and testosterone levels are being followed over a two week 
period.  Behavior measures Include clinical interviews and psycho- 
logical tests designed to study aggression and anxiety, along with 
behavior rating scales filled out by the prison guards. Preliminary 
data suggested that this population includes an interesting subgroup 
of men characterized by high activity and low anxiety who may show 
elevated testosterone levels. 

IV.  CLINICAL STUDIES 

MAJ Mohr, MC had a protocol recently approved for the study of 
traumatic brain injury utilizing behavioral testing of various defects. 
This approach derived from operant psychology provides a reliable and 
accurate method for estimation of deficits in perceptual and cognitive 
functioning, the lack of which prevents adequate clinical follow-up as 
well as the estimation of appropriate compensation. In addition, 
MAJ Mohr has been working in collaboration with the Department of Neuro- 
pathology, University of Maryland to clarify the pathological and clinical 
correlates of hypotensive cerebral infarcts. 
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MAJ Moss has also been working on the development of electronic 
instrumentation to conduct a study of the application of operant 
conditioning techniques to the treatment of primary hypertension. 
Mr. Pearlman in the Department of Experimental Psychophysiology has been 
in cheurge of instrument design and construction. Preliminary tests with 
normal volunteer subjects are underway and work with patients at WRGH 
is planned to begin by autumn 19T0. 
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Project 3AD62110A823,  MILITARY PSYCHIATRY 

Task 00, Military Psychiatry 

Work Unit 031, Military performance and stress:    Factors leading to 
decrements of performance and disease 

Investigators. 
Principal:    Thomas W.  Frazier, Ph.D. 
Associate:    Ann Bamet, M.D.; Robert Chapman, Ph.D.; 

CPT H.  Peter Clamann, MSC;  LTC J.  Terry Ernest,  MC; 
CPT J.   Ronald Gentile, MSC;  CPT John R. Jennings, MSC; 
Abner B.  Lall, M.S.; Harold F. Lawson, M.A.j MAJ Jay P. Mohr, MC; 
CPT William C. Orr, MSC, William Pearlman, EE; 
Guy C.   Sheatz, Ph.D.; MAJ Peter D. Williamson, MC. 

Description. 

This work unit studies influences of biological and environmental 
variables upon human performance.    It Includes psychophysiological 
measurements  to determine life systems  relationships underlying 
the decrement in performance associated with stressful situations. 
Research content includes: vigilance performance decrement associated 
with sleep deprivation,  tranquilization,  different work-rest 
cycles; studies of brain-behavior relationships  during problem 
solving as a function of age, mental deficiency and normal development; 
study of muscle function during different kinds of isometric 
loading; studies oi: perception during hypoxia and following brain 
injuries,  as well as various animal studies designed to study 
interprstability of the electroretinogram,  visual spectral mechanisms, 
and mlcroelectrode recording techniques. 

Progress. 

1.    Spectral characteristics of operant behavior in humans. 

Our ongoing research program concerning the study of human performance 
decrement has led to the development of an approach to measurement 
which promises  to be highly useful for a variety of applications 
for which more traditional approaches  are of limited value.    This 
approach was  first taken in a study of performance variability. 
The first experiment was performed to study variability in well 
stabilized performance of a complex signal detection task.    It 
was hypothesized that much of this variability was not random, 
but that it represented basic features of behavioral processes 
arising from biological rhythms as well as  results ot certain 
environmental manipulations.    The approach which was taken consisted 
of:    (A)  training subjects up to asymptotic levels in performance 
at the task, which involved placing monitoring behavior under 
the control of three concurrent reinforcement schedules;  (B) 
preprocessing or transforming the resulting data from the time 
domain to the frequency domain via power spectrum and coherence 
analyses;  and (C)  subjecting the transformed data to parametric 
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statistical analyses  to test hypotheses  concerning spectral curve 
characteristics.    This  approach can be characterized as one which 
first takes advantage of high degrees of experimental control 
and then utilizes statistical control techniques  to isolate regularly 
occurring variability from error.     The results indicated that 
most of the variability remaining after behavior had been placed 
under the control of reinforcement schedules could be associated 
with regularly occurring variation and statistically isolated 
from error.    This approach was considered to be potentially useful 
for:    reducing the amount of treatment effect needed to demonstrate 
statistical significance;  increasing the sensitivity of the analysis 
in detecting how the behavior was changed by the treatment;  and 
studying behavioral dimensions which could not be analyzed with 
more conventional approaches to performance measurement. 

2.    Effects of chlordiazepoxide administration on human data 
processing performance. 

Following the refinement of methodology for studying regularly 
occurring variability in baseline performance via spectrum analysis 
preprocessing and subsequent use of parametric statistics  for 
analyses of spectrum curve information, it became evident  that 
such an approach might deliver much additional information which 
could be used to identify how performance is degraded by agents 
or conditions known to reduce performance levels.    That is,  these 
analyses seemed potentially valuable for specifying much more 
about performance decrement than the simple finding of reduced 
performance levels over some given period of time.    Consequently, 
additional studies were conducted to study how a widely used 
tranquilizing agent (Chlordiazepoxide) might affect  complex data 
processing performance,  and how brief periods of sleep deprivation 
might degrade data processing abilities.    The tranquilizer study 
was a double-blind study involving testing of three independent 
groups of 12 subjects each:  control, low drug,  and high drug. 
Each group was given a capsule every eight hours, which contained 
chlordiazepoxide  (CDP)  for the high and low drug groups,  and 
aspirin for the control group.    All subjects were given placebos 
every one-half hour as well,  so that subjects  could determine 
neither whether they were actually given a drug nor when the 
actual drug was administered.    All subjects were trained to asymptotic 
levels,  followed by subsequent testing over a 22-hour experimental 
session.     Results of analysis of variance performed on the raw 
data Indicated an increase in rate of observing panel meters 
over control group levels  for the two drug groups, with the higher 
rate associated with the high drug dosage for the variable-interval 
signal presentation schedule.    The same analysis revealed increases 
in signal detection percentages  for the fixed-interval and variable- 
interval schedules and in heart rate over control group levels. Analyses 
of variance performed on the preprocessed spectrum data revealed two major 
findings:     Coherence was  clearly  reduced in comparisons of probability 
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of signal detection across channels,  at each of  the frequency 
bands in which substantial coherence values are normally found. 
This  reduction in synchronization was dose-related, with higher 
degrees of desynchronization in the high drug group.    The effects 
of CDP on power spectrum measures of observing rate revealed 
increased power in the higher frequency  range,   only for the variable 
interval schedule.    Several other findings were  obtained which 
provided rationales leading to the execution of   two subsequent 
studies:    Comparisons of results obtained during the first 11 
hours' performance with results  from the second  11 hours' performance 
revealed significant alterations in spectrum shape.    The second 
11 hours' performance showed a power shift to the left,  indicating 
a relative increase in the power at the lower frequencies of 
the ultradian spectrum and a corresponding decrease in the power 
of higher frequencies in the ultradian range.     The other finding 
was that dispensing placebos at one-half hour intervals induced 
a clear spectral intensity at 48 cycles/day,   for observing rate 
and signal detection measures, indicating that  the procedure 
induced performance oscillations at  this  frequency.    This spectral 
intensity was especially marked in coherence measurements, which 
reflected synchronized oscillation across  all performance measures 
in the 48 cycles/day band. 

3.    Effects of short-term sleep deprivation on human data processing 
performance. 

An independent study was  conducted to study characteristics  of 
decrement associated with sleep deprivation.    This investigation 
was designed to compare performance of two groups of 15 subjects 
each,  under two testing orders.    The first group was  given a 
22-hour test session,  then sleep deprived until the same time 
on the next day and tested again for the same period of time. 
The second group was  deprived of sleep for one day without working, 
then tested for the same duration as  the other group.    Several 
days  later, members of the second group were brought back to 
the laboratory to obtain baseline data.     Significant findings 
resulting from one day's deprivation from sleep were obtained 
both in power spectrum and coherence analyses.     The group which 
had been given work prior to sleep deprivation shewed statistically 
significant differences  from the group rested prior to sleep 
deprivation.    These differences were observed in heart  rate and 
temperature results,  and in panel meter observing rates.    Coherence 
differences between the two groups were obtained for observing 
rate measures. 

The shape of the power spectrum was altered by sleep deprivation 
for both groups both in the case of observing rate measures, 
and probability of signal detection measures.     This  change appeared 
to consist of a redistribution of energy toward greater energy 
at the lower frequencies in the ultradian range, with a corresponding 
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reduction of energy at  the higher frequencies.    The spectrum 
shift during sleep deprivation bore resemblences   to the previously 
observed change in spectrum shape from daytime to nighttime performance 
in nondeprived subjects.     It seemed noteworthy  that this shift- 
to- the-left phenomenon associated with sleep deprived performance 
has  a biological parallel in the shift of electroencephalographic 
frequency distributions   to lower frequencies as  sleep stage depth 
is  increased.     It is  therefore of interest to Inquire whether 
or not comparisons between frequency shifts in data processing 
performance and frequency shifts in the surface electroencephalogram 
are more than parallel phenomena.    Perhaps  these  frequency shifts 
are synchronized between brain and behavior within given areas 
of the frequency spectrum,  in individuals who are  deprived of 
sleep over successively longer periods  of time. 

4. An oscillation Induction model for studying the time course 
of drug effects on electrophyslological functioning. 

Experimentation is now under way to study a drug effect  test 
model which can be used to characterize the physiological ef*"- -cs 
of certain commonly prescribed medicinal agents.     This model 
is one In which a fast-acting drug  (glyceryl-tri-nitrite)  is 
administered periodically at exact time intervals.    The physiological 
system of interest Is monitored continuously over some relatively 
long number of hours.     The time series  data resulting from this 
measurement are subjected to power spectrum analysis  to detect 
whether a spectral intensity can be found which  corresponds to 
the rate of administering the drug.     It is  predicted that the 
amplitude and dispersion of such a spectral intensity will be 
found to be a function of the total proportion of  the administration 
rate cycle that the drug is active,  and if the proportion of 
total cycle time  the drug is active is  low,   the drug effect will 
be manifested by dispersal of energy  at  frequencies which are 
harmonics of the fundamental frequency of administration.    The 
Instrumentation is  complete for this  study and pilot experimentation 
is beginning.     This  testing model Is  viewed as  potentially useful 
for patient monitoring in coronary care  and intensive care settings, 
as  a technique for isolating the effective time  course of a medicinal 
agent's effect  on the patient.     Other potential benefits Include 
assessing the amount of  treatment effect more adequately through 
Isolating the drug effect  from other sources of variability affecting 
the same life system(s) . 

5. Effects of work-rest cycles on human data processing capacity. 

In previous studies of  this  research program it was repeatedly 
observed that giving subjects brief rest breaks   at timed Intervals 
to Interrupt long periods of panel monitoring seemed to Induce 
a power spectral Intensity corresponding to the  timing of the 
rest breaks.    This observation suggested that power spectrum 
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analysis of timed rest breaks might provide a much more specific 
Index which could be used for the study of work-rest schedule 
effects than the kinds of analysis used previously In these kinds 
of studies.    Consequently,  a study was performed to test specifically 
whether the observed spectral Intensity was actually Induced 
by timing of rest breaks or whether this Intensity simply coincided 
In time with the rest break cycle.    One  group of 15 male subjects 
were given 11-hour monitoring vigils on  the same panel monitoring 
task used In earlier studies following stabilization of performance, 
with a 10-mlnute rest break scheduled every hour.    The second 
group of 15 subjects were tested over the same duration following 
training up to asymptotic levels, but these subjects were given 
a 20-mlnute rest break at two-hour Intervals.    This procedure 
should Induce work-rest frequencies In the power spectrum at 
24 cycles/day and 48 cycles/day respectively.    Data acquisition 
Is now complete, but the results have not yet been subjected 
to computer analysis. 

6.    Test of hypothesis that alpha EEC activity originates In 
the eyes. 

The EEC Is a universal method of assessing brain function In 
both psychiatric and neurologic cases.    The use of this  Information 
has  recently been jeopardized by evidence that Its site, of origin 
Is not the brain, but the eyes.    Llppold suggested that "the 
source of current for generating the waveform of alpha rhythm 
Is the standing potential across the eye."    We found In our research 
that the eye explanation Is untenable by recording the alpha 
EEC rhythm from a person without ocular globes.    Bipolar    recordings 
were made from (a)  the mldllne over the parietal and occipital 
regions for alpha activity,   (b)  from left and right temporal 
areas for kappa activity, and (c)  from electrodes mounted near 
the rbsent right eye for perlorbltal electrical activity.    The 
two F^G signals were then entered Into a two-channel automatic 
scoring apparatus developed In this laboratory for quantitative 
determination of alpha and kappa EEG activity.    Clear examples 
of alpha and kappa EEG activity were obtained from this subject 
and they were not correlated with the perlorbltally  recorded 
muscle twitches.    A standard set of tasks previously used In 
a population survey were administered while the EEG was being 
recorded.    The alpha and kappa EEG activity automatically scored 
for this subject were modulated by the tasks In the same way 
shown by the majority of normal subjects In the previous study. 
The amount of alpha activity was less  during the "hard" tasks, 
whereas the amount of kappa activity was more during the "he 
tasks.    Furthermore,  the amount of time  that alpha and kappa 
activity were present simultaneously was extremely low, which 
Is  consistent with the earlier findings  supporting their Independence. 
The data from this subject with both eyes enucleated demonstrate 
that neither alpha nor kappa EEG activity originate from the 
standing potential across  the eye. 
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7.    Brain responses,  alertness and problem solving. 

Our brain research has been largely directed toward the objective 
of understanding performance demands related to performance, 
vision,  alertness and  thought processes and their intimate relationship 
to underlying physiologic functions which are associated with 
ineffective performance.    The use of computer techniques has 
made it possible to detect discrete brain responses to stimuli 
which bear information to an individual actively engaged in problem 
solving.    Research in this  laboratory has established that brain 
responses derived from scalp electrodes as averaged evoked potentials 
carry more than simple,  gate^, binary information.    The complexities 
of waveform contain componentti which are differentially related 
to various aspects of performance.    Thus,  the possibility exists 
of extracting objective information about brain processing through 
computer analysis;  information which otherwise could only be 
inferred in terms of intervening variables or theoretical constructs. 
The research designs have employed problems where the stimuli, 
behavioral answers,  and brain responses  could be readily manipulated 
and measured.    Usually four stimuli,  two nuirbers and two letters, 
were presented at 0.75 sec.  intervals on each trial.    The particular 
numbers and letters were selected at random.     The order of stimulus 
class was also randomized.    The subjects were  given simple problem 
solving tasks involving these stimuli,  e.g. which of two numbers 
on a trial was numerically smaller or what is  the alphabetical 
order of the two letters.    The simultaneously recorded   brain 
responses were sorted and averaged separately  to the numbers 
and to the letters  for each of the trial positions.    It was  concluded 
that even when the stimuli are randomized,  the AEP depends upon 
whether those stimuli are relevant to the task.    In the case 
of the problem involving numerical or alphabetical order of the 
two relevant imuli,   the mental processing of  the two stimuli 
may be different.    For the first relevant stimulus, the subject 
must perceive it and remember it,  i.e., store it in memory.    When 
the second relevant stimulus occurs the person must perceive 
it, compare it with the memory of the first,  and solve the problem. 
Thus,  to simplify, we can refer to the first relevant stimulus 
as a storage stimulus  and the second relevant stimulus as a problem- 
solving stimulus.    Thus  the poststimulus processing of the information 
in these two stimuli    are different.    Are these differences reflected 
as differences in the recorded brain responses7    Our data show 
that these differences exist.    Differences  in averaged evoked 
potentials  therefore may be associated with  differences in the 
mental processing requirements of the task.     At the same time 
we studied these poststimulus effects,  the experimental constraints 
of the design imposed sequential conditional probabilities which 
led to prestimulus effects.    For example,   the subject knows  prior 
to the presentation of the last stimulus on each trial whether it 
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will be a letter or a number,  although he does not know what 
letter or number it will be.  This   fore-knowledge led to a prestimulus 
effect which affected the recorded  responses.    This  distinction 
between events that occur before the stimulus  is presented and 
events occurring after the stimulus  is presented seems  to be 
important because it relates to the general question of the specificity 
of brain response effects.    Can the averaged evoked potential 
tell us about the particular poststimulus brain processing or 
only about the excitability of the brain in being prepared or 
ready for the stimulus?    These problems  and data are presented 
in one of  the publications listed   (Chapman,  1969, NASA SP-191). 
Using information theory as a starting point for analyzing psychological 
effects on the AEP emphasizes operations occurring before the 
stimulus,  such as the relative frequency of stimulus occurrence 
in the past, and the subject's expressed expectation of a future 
stimulus.     In one sense,  at  least,   the information available 
is identical for both relevant and irrelevant stimuli since there 
were six possible numbers and six possible letters  that could 
have appeared in any of the trial positions.    Thus,  it appears 
that information theory is not helpful in accounting for the 
different brain responses  recorded.     It appears  that some of 
the differences in recorded brain responses may be related to 
those processes occurring after the stimulus is delivered.     This 
finding is being pursued.    One of  the ramifications is establishing 
what the components of the complex brain responses are.    This 
is  a multidimensional problem and multivarlate statistical techniques 
are therefore being applied.    Measuring these responses at various 
fixed latencies has shown that these posts timulus effects  can 
occur at latencies as short as 105 xoser.    This kind of approach 
leads to the possibility of determining    'nimum brain processing 
times required for various kinds of  tasks. 

8.    Brain activity and assessment of intelligence. 

This research is directed to the objective of identifying physiologic 
functions  correlated with ineffective performance.    The approach 
has employed electrophysiologic techniques and computer data 
processing.    The possibility of assessing mental ability with 
an objective brain measure has far-reaching implications.    The 
possibility for such an application comes partly from research 
showing that sensory evoked brain responses depend in detail 
on the processing given those stimuli by the individual and partly 
from research showing correlations between certain aspects of 
averaged evoked potentials and I.Q.   test scores In children 
or other special populations.    The present research has been 
designed to test this  possibility in a sample of Army personnel. 
The test situation involves  applying standard EEC electrodes 
to the Individual's scalp and using standard EEC for initial 
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stages of amplification.    These signals are then led to special 
filters and averaging equipment for extracting the small evoked 
responses out of the larger amplitude background EEC.    The stimulus 
is  an extremely brief strobe flash with either a uniform or simple 
geometrical visual pattern.    The simultaneously recorded brain 
responses  from several sites are plotted on an X-Y plotter as 
a permanent record and for subsequent analysis.    For the initial 
criterion measures each individual's AGCT scores were obtained. 
Previously we had transferred Whittaker's   technique from institutionalized 
children to a sample of Army personnel.     In an initial group 
the correlations were extremely low and further analysis indicated 
that reliability  coefficients were poor.     However, we developed 
and tested a large number of additional measures, some of which 
yielded significant correlations.    The latest group of subjects 
have been run on an enlarged set of tests which included Whittaker's 
technique,  Rhodes  thesis, Ertl's conditions,  and the correlates 
we retained out of 120 less  favorable ones.    We have processed 
127 subjects, but due to failures  to recover sufficient AGCT 
scores, we are adding at least 20 more subjects  to our sample 
before embarking on a full scale    statistical analysis.    Preliminary 
analysis of the new data confirm the finding of significant correlations 
with certain of  the averaged evoked potential measures.    Thus, 
the possibility is  sustained for a relatively culture-free, non- 
verbal, non-motor  test of intelligence in terms of objective 
brain activity. 

9.    Clinical and developmental brain research. 

Another, more clinical,  direction of our brain research is to 
examine and evaluate electrophysiologlcal measures which are 
related to the assessment of neurological  development and cognitive 
processes of Infants and young children.     The general method 
Is that of recording of computer averaged evoked EEC responses 
to visual and auditory stimuli iu normal children and in children 
with abnormalities of sensory and mental development.    The relationship 
between sensory evoked potentials, electroencephalographic, behavioral 
and biochemical parameters of development,  are being examined. 
The applications of evoked response recording to clinical diagnosis, 
1^.,  in patients with sensory,  mental,  and perceptual abnormalities, 
are being investigated and evaluated.    The research will provide 
basic data on the maturation of the EEC and sensory evoked potentials 
of human children during the course of development and will attempt 
to  relate data obtained from psychological and neurological testing 
with the neurophyslological data.    It will provide normative 
data for comparison with that obtained from patients with sensory 
and neurologic handicaps. 
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Several Investigations are In progress.    They Include: 

- * a.     Studies of the EEG evoked responses of normal  children 
to visual and auditory stimuli. 

(1) logltudinal and cross-sectional studies of 
the relations between evoked responses and age, behavioral state, 
EEG background tracing, stimulus  Intensity, modality and order. 

(2) correlations between evoked response measures 
and scores on the Bayley Scales of Infant Development and other 
psychological tests. 

(3) studies of response decrement with repetitive 
stimulation in normal versus developmentally retarded infants. 

(4) studies of evoked responses  to paired stimuli 
as the significance or task relatedness of the stimuli are varied; 
these studies will be done in normal children and those with 
learning problems. 

b. Auditory evoked responses in patients with suspected 
hearing loss;  EEG evoked response audiometry. 

c. Serial evoked response studies in patients with Down'p 
syndrome,  some of whom are receiving the serotonin precursor 
5-HTP. 

d. EEG sleep and evoked response studies in patients with 
disorders of serotonin and catecholamlne metabolism. 

e. Evoked responses in patients with visual impairment. 

f. Evoked responses in mentally retarded and brain damaged 
children. 

In the normative studies the emphasis in \'..i•        c year has  included 
completion of data gathering in severa.1   .ge groups and preparation 
of data on evoked response characteristics  and EEG for computer 
statistical analysis.    Dr.  Elisabeth Ohlrich is completing a 
trend analysis of auditory evoked response amplitude and latency 
for infants from birth to 1 year of age. 

We have continued to Investigate possible relationships between 
mental defects and evoked response characteristics.    In a study 
of auditory evoked response decrement with repetitive stimulation 
with clicks, the findings in normal infants  and infants with 
21-Trlsomy differ significantly.     Normal infants   (N = 61)   6  and 
12 months old show smaller amplitude averaged responses 
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(p =  .001)  to  the last 25 of a series of 100 clicks  than they 
do to the first 25 of the series.    Mongoloid infants  (N = 42) ' 
6 and 12 months old do not shew significant response decrement. 
Neither normal 1 month old infants  (N = 22) nor 1 month old mongoloids 
(N = 27)  show response decrement.    In addition, the form of the 
response of normal and mongoloids differs.    Normal infants show 
prominent late positive waves while in the trisomics this activity 
is ill-defined or absent.    Further studies were done to find 
out whether the response decrement is related to habituation 
or the recovery  cycle characteristics of the auditory system. 
These findings were presented to the Spring Meetings of the American 
Academy of Pediatrics and the implications  of abnormal sensory 
processes  for cognitive development were  discussed.    A report 
is being readied for publication. 

We have summarized and submitted for publication our experience 
with  the first 100 children under 3 years  of age referred for 
evaluation of possible hearing loss using the method of computer 
average evoked EEG audiometry.    Comparison with the results of 
clinical audiometric methods,  follow up data,  and a discussion 
of the uses and limitations of the method were included in this 
paper.    A report of this work was read to the 1st International 
ERA Symposium in Freiburg,  Germany in April, 1970 and the text 
will be published in the Archiv fur Hals-Nasen-und Ohrenkrankheiten. 

Data collection for a double blind study of evoked response character- 
istics of infants with 21-Trisomy who are receiving the serotonin 
precursor 5-hydroxytryptophan or a placebo is continuing.    The 
children are being tested within 4-5 days of birth and at 6 months, 
1,  2,  and 3 years. 

The visual occipital evoked response is potentially useful for 
testing the presence or absence of vision.    The extreme difficulties 
of stimulus control in young subjects may  limit the method for 
clinical diagnosis, but even at present  certain inferences  can 
be drawn from the presence or absence of responses or gross asymmetries 
of response. 

We have had the opportunity to observe 6 patients at the Children's 
Hospital of the District of Columbia with prolonged acute cortical 
blindness who showed partial or full recovery of vision.    We 
recorded visual evoked potentials during the course of recovery 
in an attempt to elucidate the pathologic physiology of this 
relatively rare condition.    A report has been accepted for publication 
in Neurology.     This work was done in collaboration with Drs. 
James Manson and Elliot Wilner of the Children's Hospital,  Dept. 
of Neurology. 

There are a number of mental retardation syndromes  that are associated 
with low blood serotonin (5-hydroxytryptamlne, 5HT)   levels, e.g., 
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Down's Syndrome.    We are in collaboration with Dr. Mary Coleman, 
Children's Hospital,  Dept.  of Neurology,  studying a patient with 
profovnd psychomotor retardation and an abnormally high whole 
blood level of 5HT consistently recorded between the ages of 
2 1/2 and 5 1/2 years. 

The patient, who has refused all food containing 5HT since infancy, 
is a microcephalic, negro female with an scaphocephalic configuration 
to the cranium.    She began to walk and talk at age 5.    Abnormalities 
on general examination included a high arched palate,  a hint 
of epicanthic folds,  flat nasal bridge,  odd dermatoglyphics on 
the left hand but not true 4 finger line, overriding of the second 
and fourth toes bilaterally,  pronated feet,  and moderate hirsutism 
of the face and legs.    Neurological examination disclosed bilateral 
mild alternating, non-paralytic internal strabismus, buccolingual 
dysklnesia and increased muscular tonus in all extremities.    Reflexes 
were slightly increased, but there was no clonus, Hoffmann or 
Babinski.    Detailed retardation chemistry work-up was within 
normal limits except for both whole blood and platelet 5HT levels 
between 3 to 8 times normal, slightly increased platelet counts, 
and Increased ATP (the binding factor for 5HT in the subcellular 
organelles) in the platelets.    EEC sleep studies have revealed 
abnormal patterns  (decreased stage 3 and 4;  fewer REMs) . 

Oral administration of parachlorophenylalanine (an inhibitor 
of the tryptophan hydroxylase,   the rate-limiting step of 5HT 
metabolism) resulted in lowering of blood and urinary SHIAA levels 
and temporary return of normal muscular tonus.    Fourteen nights 
of EEC sleep recording have been done thus  far to study the acute 
and long term effects on the sleep cycle of PCPA administration. 

10.    Medical electronics engineering development. 

A device has been constructed to display signals recorded on 
a small segment of magnetic tape.    Involving a rotating drum 
on which tape heads are mounted, it allows steady viewing of 
a non-recurring signal on magnetic tape by repeated sweeps of 
the tape, permitting accurate localization and viewing of single 
nerve action potentials or measurements of interspike intervals 
of action potential trains.    The device is now undergoing tests. 

a.    Recording and Playback Instrumentation. 

A sub-audio frequency time mark was recorded on one channel of 
a two channel tape which had audio information recorded on the 
other channel.    Upon playback,  the time signal from the recorder 
was  amplified and used to actuate an event  recorder.     The event 
recorder was provided with four additional channels which were 
to be actuated by subject operated push buttons.    Also furnished 
were a suitable tape recorder, power supplies  and associated hardware. 
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b. Pulse Polarity Selector. 

This device provided either a positive 0.8 volt or a negative 
0.8 volt square wave at the output terminal depending on which 
one of  two input terminals received a 12 volt positive square 
wave. 

c. Random Pulse Generator. 

A pseudo-random pulse generator module was constructed and checked. 
Several more are being fabricated.    These will be contained in 
a system to  (optionally)  Increase the probability that  there 
Is no orderly sequence    of time Intervals between pulses during 
the experiment test period. 

d. Programmed Sphygmomanometric Blood Pressure Monitoring 
System and Dependent Stimulus Controller. 

Following are some of the component parts and modules which were 
designed and incorporated Into this system: 

(1) Air pressure transducer:     (1)  an LDVT and suitably 
designed amplifier.     (2)  a reluctance transducer with digital 
readout and an analogue output. 

(2) Stimulator:    An auditory stimulator was  designed 
and fabricated.    The stimulus starts on loglnal command and continues 
for the entire Interval. 

(3) Blood Pressure Pulse Transducer:     (a)  a simple, 
effective amplifier for the ceramic cuff transducer was  incorporated, 
(b)  a new type of transducer used external to the cuff was interfaced 
with the system for continuous  detection of the pressure or pulse. 
Its use permits the effective use of a special  filter design. 

(4) Artifact Filter:    By eliminating base-line shift, 
this  filter design obviates a major difficulty in discriminating 
against spurious responses. 

(5) Air Pressure Control Solenoids:    They function 
as  controllable valves  for Inflation of the cuff.    A.C.  solenoids 
previously used have been Incorporated into a "zero-crossing" 
controller;  It is being designed into a system for automatic 
programming of pressure cycle.      D.C.  solenoids, which produce 
a reduced number of transients,   are now being used.    Grounding 
system has  also been Improved to reduce transients and their 
effects. 
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(6) Electronic circuitry functionally Integrating 
the component parts. 

e.    Carousel Controller. 

A random delay Interval Is provided after the subject depresses 
a selector key which Is Identified on a second channel of a 
two channel chart recorder.    Construction and design is approximately 
33% completed. 

11.    Traumatic brain Injury. 

The purpose of this  research Is  the application of behavioral 
and electrophyslologlcal techniques  to clarify cerebral deficits 
due to war injury.    Rapid evacuation methods  and prompt specialized 
neurosurglcal care have dramatically Increased the liklihood 
of survival following brain injury.    One major consequence has 
been the estimated four-fold increase in cases of total disability 
following wounds In the Vietnam War compared with World War 
II.    The problems created by these cases have  changed both quantitatively 
iind qualitatively.    Developments in behavioral science and neurophysiology 
have provided methods not available previously to evaluate these 
residual functions.    Patients selected for this  project undergo 
special electrophyslologlcal evaluation.    This  concerns primarily 
the study of cerebral evoked potentials.    Its  advantage over 
routine EEC is that It enables one to examine the cerebral responses 
to a single sensory modality.    That is, by providing visual, 
auditory,  or somatosensory stimuli,  a different cerebral evoked 
response Is produced for each modality.    The use of this technique 
with brain damaged patients offers two advantages:    first, using 
simple auditory,  visual, or somatosensory stimuli.  It should 
be possible to determine whether or not these different signals 
are reaching the primary receiving areas of the brain.    This 
is particularly Important in severely brain damaged patients 
with whom little.  If any,  communication through the behavioral 
tests is possible.    Secondly,  the longer latency evoked responses 
could provide some Information regarding the potential for cerebral 
integration.    In conjunction with the behavioral studies,  this 
should further our understanding of residual  function in the 
brain injured patient. 

The equipment necessary for this project is  currently being 
constructed.    The auditory stimulation apparatus  consists of 
a combination click and tone generater capable of presenting 
clicks,  tones or words  to either or both ears  at varying amplitudes 
and inter stimulus  Intervals.    This has been completed and is 
functioning properly.    The somatosensory stimulation    device 
is a current regulated shock stimulater that will deliver low 
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amplitude shocks to either median or peroneal nerves.    Assembly 
of this has begun but completion awaits  the arrival of several 
necessary components. 

The most complicated apparatus  Is the system for presenting 
visual stimuli,  and recording responses In a coded form that 
can be accepted by the averaging computer.    Stimulus presentation 
is  accomplished by using a standard Kodak Carousel projecter 
which has been adapted to accept a strobe light in place of 
the regular light source.     The coding system consists of specially 
designed 35 ran slide holders.    That, in conjunction with photodiodes 
allows digital coding for up to 15 possible combinations.    This 
part of the visual stimulating equipment has been constructed, 
tested and is working satisfactorily.    Once the coded signal 
has been established, it then must be properly Interfaced on 
magnetic tape.    The interfacing Involves proper sequencing of 
EEG signals, stimulus synchronization pulses,  and coding pulses 
in a pattern acceptable for computer analysis.    The circuitry 
for the sequencing has been designed but actual testing awaits 
the arrival of various equipment. 

As  the equipment arrives,   it is being assembled and tested at 
Forest Glen.    The equipment has been placed in portable racks 
to enable easy transfer to Walter Reed Medical Center upon completion. 
It is anticipated that actual testing of subjects  can begin 
this summer. 

12.    Microelectrode construction   md marking techniques. 

In conjunction with the microelectrode studies of the visual 
system on animals,  two techniques involving the use of mlcroelectrodes 
are being developed.    The first Involves the construction of 
uniform metal electrodes of desired impedance.    This technique 
produces up to 17 metal electrodes at one time,  all of uniform 
taper.     After Insulation,  Impedance testing of these electrodes 
presents  a unique problem.     Impedances range up to 109 ohms. 
Direct  current cannot be used for testing because it produces 
almost Immediate polorlzation of the electrode.    A method has 
been developed using alternating current in the physiological 
range  (1000 cycles per second) which takes into account both 
the capacitve reactance and resistance of the electrode.    This 
has  provided an accurate method of measuring the overall impedance 
of metal mlcroelectrodes. 

In addition to accurately measuring metal electrodes,  it is 
also desirable to be able to produce impedances within a desirable 
range.     In the past,  this has been done by producing a large 
number of such electrodes measuring all the impedances  and then 
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selecting those in the desired range.    By using a current limiting 
circuit,  and producing electrodes with impedances above the 
desired we have been able to etch the insulation from the electrode 
tips and produce uniform microelectrodes with impedances to 
within +5% of a    predetermined desired impedance. 

The second technique which is currently under development is 
a method of mlcroelectrode tip position marking.    Since most 
mlcroelectrode investigation involves  recording from below the 
surface of the brain,  it is important to know exactly where 
the recording tip is located.    The method being developed involves 
the use of a highly ionotrophic dye (alclan blue)   that is electrically 
extruded from the tip of a micro pipette after nerve potentials 
have been recorded.    This dye, once deposited, binds with the 
surrounding nerve tissue and is not diluted by the usual histological 
fixing and staining techniques. 

Summary and Conclusions; 

The work performed during this reporting period has continued 
to embrace a wide scope of interdisciplinary research projects 
concerning performance decrement and its  correlates at various 
life systems levels.    Our applied studies  of various conditions 

' leading to performance decrement have led us  to  certain issues 
concerning definition of normal behavior and specifications 
of the mechanisms underlying the body's support of normal behavior.. 
New analytic approaches have been developed which have permitted 
much more precise specification of normal states  and hew these 
normal states are altered by exposure to stressful situations, 
tranqullizing drugs and disease processes.    Thus,  the status 
of measurement has been sophisticated to the point that investigation 
can reveal not only the presence of performance decrement, but 
also how performance decrement induced by one agent differs 
from performance decrement induced by another agent, relative 
to differentially affecting various processes  associated with 
baseline behaviors.    This attention to methodological considerations 
has allowed us to differentiate very different patterns of effects 
from one agent or condition to another which could not be discriminated 
using more traditional approaches  to measurement.    The work 
on chlordiazepoxlde and short-term deprivation have revealed 
consistent patterns of effect which have not been reported in 
the previous literature.    The oscillation induction drug effect 
testing model promises to provide a clinically useful technique 
for quantitative analysis of drug effects  in patients for whom 
relatively long periods of measurement are available.    The continuation 
of systematic research on relationships between brain responses, 
alertness,  and problem solving is delivering new and productive 
information concerning discriminating the different roles of 
the various components of the complex brain response during perceptual 
processes.    The possibility of relating these electrophysiological 
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processes to intellectual variables have proven to be a difficult 
task, but correlational results in some cases have been statistically 
significant.    This approach to the study of brain-behavior relationships 
has  provided the methodological foundation for a number of clinical 
studies now being pursued.       Several of the blomedlcal engineering 
development projects have yielded a capability for precision 
in biomedical measurement much more adequate than commercially 
available instrumentation.    The indirect blood pressure measurement 
system is anticipated to be especially useful for future studies 
in which direct measurement is contralndicated and should reduce 
the necessity for requiring direct measures simply to attain 
improved precision in measurement. 
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Project 3A062110A823, MILITARY PSYCHIATRY 

Task 00, Military Psychiatry 

Work Unit 031, Military performance and stress:    Factors leading to 
decrements of performance and disease 
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23 (U) The objective of this research is to develop a militarily useful pill to protect 
personnel against lethal effects of iopizing radiation.    Such a drug would reduce the 
initial effect of nuclear radiation as well as provide a margin of safety for personnel 
operating in a contaminated terrain.   An efficient antiradiation compound would also be 
useful to the Army from the clinical standpoint. 

2k (U) Approach to the objectives is through accepted drug development protocols.    Syn- 
thesis and testing of potential agents is being carried out.    Test results are analyzed 
for structure activity relationships and fed back into the synthesis program.    Promising 
compounds are carried forward to testing in large animals and the pharmacology of these 
compounds investigated.    In addition, chronic toxLcity studies, dose reduction factor 
studies and drug antagonism studies are being carried out.    Development of efficient 
methods of handling chemical   and biological information are being developed. 

25 (U) 69 07 - 70 06 Continued emphasis was laid on latentiation of the thiol group in 
order to try to increase absorption and effectiveness.    In addition, latentiation of the 
aminoethanethiol moiety through formation of a thiazolidine constituted a major effort. 
This emphasis during the past year has been on the sulfur rather than the nitrogen func- 
tion of the aminothiols.    Major investigation of the amidines and W-pyridinyloxy' alkyl 
type compounds has continued.    Aminothiosulfates have been deemphasizid because of poor 
absorption.    Dogs were protected with WR77913 and with a combinatior of WR638, 1607, and 
302.    Monkeys were protected by WR2721.    Clinical studies on WR2721, 2529, and 2823 are 
scheduled for the clinic.    Compound WR2823 has been successfully formulated for IV 
Infusion.    For technical reports see Walter Reed Army Institute of Research Annual 
Progress Report, 1 Jul 69 - 30 Jun 70. 

DD, :.0.":J498 PREVIOUI COITION! OF THIi FORM ARC OBSOLCTC.    DO FORMS I4MA,  I  NOV •• 
AND  <4tl-l.   I   MAR 11 IFOR ARMY UICI ARK OMOLCTK. 
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Project    3A06211QA824 IONIZING RADIAHON INJURY,   PREVENTION AND 
TREATMENT 

Task  00    Ionizing Radiation Injury, Prevention and  Treatment 

Work Unit  055, Chemical protection against irradiation 

Investigators: 
Principal: COL William E, Rothe, VC 
Assistant: Thomas R. Sweeney, Ph.D. 
Associate:    LTC Edgar H.   Eckermann,  VC 

LTC Ray A.   Olsson,  MC 
Melvin H,   Heiffer,   Ph.D. 
Edgar A,   Steck,   Ph.D. 
1LT Joseph E. Tomaszewski, CmlC 
MAJ Pasqual Perrino, MC 
CPT Gene With row, MSC 
CPT Richard C, Davis, Jr., MSC 
Miss M. M. Grenan 
LTC Gale E,   Demaree,  MSC 
Robert  S.   Rozman,   Ph.D. 
MAJ Alan S.   Nies,  MC 
MAJ James A.   Vick, MSC 
CPT Robert W.   Caldwell, MSC 
Daniel L. KLayman, Ph.D. 

Progress 

I.     General 

The program to develop a chemical prophylactic to offset the effect 
of ionizing radiation on exposed troops has been carried forward 
on several fronts.    The major technical problem confronting the study 
continues    to be the separation of the antiradiation activity of the 
drugs from their toxicity.    Animal pharmacological response to 
the potential agents often varies widely with species, which makes 
more difficult the development of an agent.    Nevertheless, several 
agents have successfully traversed the distance to the clinic. 
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Chemistry 

II. Contract Synthesis Program 

As of the end of FY-70 there are six active synthesis contracts and one prepar- 
ations laboratory contract.   During the year one preparations laboratory contract 
with the Aerojet General Corporation was terminated.   The contract with New 
England Nuclear Corporation for synthesis of radiolabeled compounds continues. 

During FY-70 there were 232 target compounds submitted that were synthesized 
in the contract program.   This is, coincidentally, the same number that was 
obtained in FY-69.   Twelve new compounds were requested from the preparations 
laboratory, and five compounds delivered during the year. 

Emphasis in the synthesis program during the year has been laid on the latent! - 
ation of the thiols.   Some twenty new type sulfur-covering groups have been 
synthesized and have shown various activities and toxicities.    Although the anti- 
radiation activity of the compounds containing the new sulfur-covering group is 
not superior to earlier compounds containing better known sulfur-covering groups, 
much new and novel chemistry has, of necessity, been studied.    This will be re- 
ported in chemical journals. 

The two most interesting and promising classes of compounds which were studied 
during the year are the N-pyridinyloxyalkyl type and the amidines.   Excellent oral 
activity in certain compounds of the former class in mice has been obtained when 
the aminoethanethiol moiety has been latentiated as the thiazolldine.   Other sulfur- 
covering groups have also been run and a fairly comprehensive structure/activity 
study, as a function of the route of administration, has been completed.   Excellent 
oral activity has also been found in certain of the latter class in mice when the 
sulfur is in the form of the thiol or disulflde. 

III. Organic Chemistry Laboratory 

The series of N-monoalkyl-substituted-2-aminoethanethiosulfuric acids (I), pre- 
pared by the alkylation of 2-aminoethanethiosulfuric acid or by the reaction of 
sodium thiosulfate with N-alkylaminoethyl halides, was completed. 

RHNCHaCH2SS03H 

(I) 
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A new series of aminoethanethiosulfuric acid derivatives, viz., N-(ß-carboxy- 
propionyl) aminoethanethiosulfuric acids (II) from the reaction of the Bunte salt 
with succinic anhydride was started.   The parent compound (R = H) has been 
difficult to purify.    The n-decyl derivative (R = n-CioH^) is presently being tested 
as an antiradiation drug. 

RHNCHBCHSSSOS
9
 +   /     \        > RNCH2 CH2SSO30 

(ii) 

The reaction of 2-aminoethanethiosulfuric acid with S-methyl derivatives of thio- 
urea to synthesize guanidinoethylthiosulfuric acids (III) was reactivated in order 
to expand this series. F NR1 

0 N © 
RHNC= NR1 + NH2CH2CH2SS03 >   RHNCNHCH2CH2SS03   + CH3SH 

SCIfc 
(III) 

The utilization of this same reaction type, i. e., the reaction of a nucleophile with 
S-methyl derivatives of thiourea, was the basis for the investigation of a series 
of cyclization reactions of 1 -(hydroxyethyl)-2-methyl-2-thiopseudoureas (IV) to 
2 -amino2 -oxazolines (V). 

RHNC = NHCH2CHsOH    > ^      ^ + CH3SH 
SCHo I0 •>i^> + 

NHR 
IV) (V) 

Likewise, the six-membered heterocycle, i.e., 2-amino-5, ö-dihydro^H-l.S- 
oxazine (VII) could be prepared by starting with 1 -(3-hydroxypropyl)-2-methyl-2- 
thlopseudourea (VI). 

+ CH3SH 
0 

RHN-C = NHCHg CH2 CH2OH - 
1 -> «ri 

SCH3         l © 
I^   I^JHR 

(VI) (VII) 
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The spontaneous decomposition of 1 -hydroxy-3-phenyl-2-thiourea (VIII) was 
briefly looked into, and the products of this degeneration were found to be 
elemental sulfur and phenylurea (IX). 

CsHgNHCNHOH >   S0+CeHgNH^NHg 

S O 

(VIII) (IX) 

This may be an intramolecular displacement reaction (via an intermediate oxa- 
zirane ring) giving the products directly, or an elimination reaction yielding 
elemental sulfur, phenyl cyanamide, and water, the latter two combining to give 
the phenylurea. 

A new and convenient method of preparing aminoalkyl Bunte salts by the reduction 
of the corresponding phthalimidoalkyl Bunte salt with hydrazine was developed. 
The thiosulfate functionality was found to survive the hydrazinolysis, which yielded, 
besides the desired thiosulfuric acid, phthalhydrazide (X). 

1)ETOHA        IlaH-   Z     -SS03H + 
^N-Z-SSOäNa+HsNNHs 2)H0AC      > Q 

vO   Z= CH2CH=CHCHS,CH3CFCCH2,   CH2CH2      [      l[      I 

This synthetic method would be most useful in the preparation of Bunte salts which 
could not be made by the classic reaction of aminoalkyl halide with sodium thio- 
sulfate because of cyclization problems.   The phthalimidoalkyl Bunte salts are 
synthesized from the corresponding dihalide by nucleophilic displacement of one 
halide ion by potassium phthalimide and the other successively by sodium thio- 
sulfate.   It is interesting to note that when the alkyl chain (three or four carbon 
atoms have been studied) of the dihalide is substituted with hydroxyl or keto groups, 
the initial reaction produces only bis phthalimide, the result of a displacement of 
both halide ions by two phthalimide ions. 

A study of the conversion of aminoalkanethiosulfuric acids to the corresponding 
disulfides was undertaken.    A series of thiosulfuric acids treated with hydrogen 
sulfide in aqueous solution gave the corresponding disulfide as the thiosulfuric 
acid salt (XI) in nearly quantitative yields. 

2H2NCHSCH2SS03H + 3H2 S > (hfe NCH^GHsSfe . H2S^03 + 2H20 +3 5° 

(XI) 
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\Vhen the aminoalkanethiosulfuric acid was used as the starting material, 
elemental sulfur precipitated shortly after introduction of the hydrogen sulfide. 
If the sodium salt was utilized (for solubility reasons), the by-product was in- 
stead sodium thiosulfate. 

© © 
2HaNCH2CH2SSO:iNa + H3S  > (HgNCHsCHaS^ . SSQ+ Na2SS03 

The exceptions to this technique occur when the arnine function is substituted by 
two large groups.   In these cases (e. g., dibenzyl, diheptyl, etc.) the tertiary 
aminoalkane trlsulfide (XII) was isolated. 

G © © 0 

2RENHa-r3 CHBSSOS   + H2S —>ReNHCH2CH3SSSCH2CH2NHRB+ 2HSO3 
© 

(XII) 

A class of compounds which has avoided much scientific attention are the hydro - 
disulfides, represented by RSSH.   Our interest in studying a new class of poten- 
tial antiradiation agents prompted the investigation of this functionality.   The 
only hydrodisulfides which have been investigated to any extent in the literature 
are the benzyl and benzhydryl derivatives, both prepared by tedious routes. 
Two new routes to benzylhydrodisulfide are being studied in this laboratory as 
models for the synthesis of aminoalkane hydrodisulfides.   By comparison with an 
IR of authentic benzyl hydrodisulfide, the product obtained from the following 
schemes appears to be the desired hydrodisulfide: 

A)    C6H5CHaSH+ S = amh 5%>   QHsCHaSS - C/NHa 

Ha02 ^NH . HQ 

CeHsCH^SC^"8 + H2S    "f0 > C6H5CHaSSH+ S = CCNH^ 
Vl. HQ ether 

pH-4-5 
B)    QHsCHjäSSCb Na + Ha S j^ö7^Ha    CsHgCH^SH + NaHSOa 
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IV. Rodent Testing Program 

Chemical agents synthesized under government contract for the Army's 
Antiradiation Drug Development Program are evaluated for radio- 
protective activity by the Roadent Testing Section of the Division 
of Medicinal Chemistry. Additional screening of compounds for radio- 
protective activity is performed by the Woodard Research Corporation, 
Hemdon, Virginia, under the direction of Dr. Henry Horn. This 
laboratory tests off-the-shelf compounds primarily, and compounds 
active in the screen are confirmed and further characterized at 
Walter Reed. 

Radioprotective activity is evaluated based on the survival of 
treated mice to thirty days after lethal irradiation. Treated and 
control mice are simultaneously exposed to 1000 R of Cobalt-60 
gamma radiation or 825 R of KVP x-radiation. All irradiated control 
mice die within thirty days. In initial tests, compounds are admin- 
istered fifteen to thirty minutes before irradiation at two dose 
levels - the maximum tolerated dose and one-half that dose. Female 
mice eight to nine weeks of age from the WRAIR ICR colony are used 
for radiation studies. Male mice are used for preliminary toxicity 
studies. Woodard Laboratories uses ICR "Astro" mice obtained from 
Charles River Mouse Farms, Inc. 

Additional studies are performed on active compounds to determine 
the duration of action, optimum route of administration, and the 
radiation dose reduction factor. As much data as possible regarding 
the acute toxic and pharmacologic effects of each compound is recorded 
at the time of the primary test. 

The table that appears on the following page summarizea the testing 
activities of the WRAIR and Woodard Laboratories during the past 
fiscal year. The total number of tests performed include primary 
tests, confirmatory tests and secondary tests. The number of active 
compounds includes new compounds with activity, as well as tests 
of new batches of compounds previously known to have activity. 
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Suminary of Antiradiatior i Testing 

" Rodent Testing Section, WRAIR 
\ /                    \ 

i Test # of Tests Good Act. yy    Slight Act 

Primary - Intraperitoneal lil? 85 165 

t Primary - Oral 512 61 10? 

Duration of Action 293 — ~ 

■ Other 

Total 

3h — — 

Woodward Laboratories 

1256 I)i6 272 

Primary - Intraperitoneal 1137 92 Active 

Total 2393 Tests 510 Active 

V 

v 
V 

Greater than 50^ survival after lethal irradiation. 

Less than 50^ survival after lethal irradiation. 
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The chemical agents exhibiting the best radioprotective activity 
in rodents, of those tested during the past year, are tabulated 
in the following pages. All compounds listed have produced sur- 
vival of at least fifty percent of the lethally irradiated mice 
after either oral or intraperitoneal administration. For each 
compound the approximate L%o in ^gAg* the route and time of 
administration, the doses of compound administered, and the 
percent survival are indicated. For each compound dose, if the 
percent survival is greater than twenty percent, a "Protective 
Index" has been calculated by the following formula: 

LDeg (mg/kg) Percent Survival 
P.I. = ____.  x * +  

Test Dose (mg/kg) 100 

A large protective index indicates both protective efficacy and 
a high therapeutic index. The protective indices, are large when 
good protection is obtained at drug doses well below the toxic LD^Q» 

The protective activity and toxicity of arainothiols is greatly 
modified both by the addition of substxtuents to the nitrogen 
function, and by covering the sulfur function. 

Covering of the sulfur by forming the thiazolidine has produced 
a series of compounds with both interesting protective activity 
and advantageous therapeutic indices. It is of particular im- 
portance that these thiazolidin.' ', when the nitrogen is appropriately 
substituted, have good protective activity when administered to 
mice by the oral route. Some of these thiazolidines are even 
more effective orally than intraperitoneally. Thiazolidines 
with alicyclic or heterocyclic substituents on this .nitrogen 
have oral and intraperitoneal activity, provided the ring is sep- 
arated from the nitrogen by an alkyl insulating chain of suitable 
length. The optimal length of the alkyl chain varies slightly 
depending on the nature of the cyclic substituent, but is usually 
four to six carbon atoms. The ring may be directly attached 
through an ether or thioether link. The compounds with the 
thioether linkage appear to have exceptionally fjood protective 
activity when administered orally. There are several particularly 
interesting thiazolidines in the series with alkyl thioether 
substitutions on the nitrogen. The best compounds in this 
series are those in which the two alkyl fragments are of similar 
length, i.e. WR 157311 and WR 13i;783. 

i 
The araidine series is also interesting from the standpoint of 
protection by oral administration and protection at low doses 
of compound. In this series the sulfur may be uncovered, or may 
be in the form of a Bunte salt, thiophosphate or disulfide. In 
a few cases, alkyl substituents on this nitrogen are allowable, 
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but to date, none have conferred protective activity which offers 
any marked advantage over the unsubstituted parent thiol (WR 768I42). 
Alicyclic or heterocyclic substituents on the nitrogen of the 
amidines have, in some cases, improved tolerance without destroying 
protective activity. In this series, the best activity is 
obtained when the insulating alkyl chain is short, i.e. one to 
three carbons. Most of the interesting members of this series 
are Bunte salts, but there are a few interesting thiols (WR 1145720, 
WR 1093h2,  WR 157078) and disulfides (WR 151331). Some of the 
most interesting members of the amidine series are those with 
adamantine substituents on the nitrogen. The most active 
adamantines are Wft 1093h2  and WR 157078. 

Arainoalkylaminoethane thiophosphates are of interest because of 
their potent radioprotective activity, and because of the bene- 
ficial effect of WR 2721 (aminopropylaminoethylthiophosphate) in 
traumatic and hemorrhagic shock. The degree of protection after 
oral administration Is modest, and the intraperitoneal doses 
required for protection are large compared to the most active 
thiazolidines and amidines. None of the new aminoalkylamino 
compounds examined this year appear to offer advantages in pro- 
tection over the parent compound, WR 2721. 

Good protection and a high protective index was obtained with the 
aminopropylthiophosphate, WR Ih2h89'    This compound was not 
effective orally. Additional members of this series are being 
studied. 

A large variety of Bunto salts and thiophosphates of mercapto- 
ethylamine have been studied this year. Many new compounds in 
this series have potective activity, and some offer the advantages 
of large therapeutic indices, and small effective dose. Attempts 
to protect mice by administration of these compounds orally 
continue to be disappointing. A large disparity between oral and 
intraperitoneal LD^Q in most cases suggests that the compounds 
are poorly absoribea from the gastrointestinal tract. Some oral 
protection was obtained with WR 11^2079 and WR 75232. The best 
intraperitoneal protection was obtained with vlR 1381|12, WR 138iil5, 
WR 122960, WR 122970, WR 13li790 and WR 132919. 

We continue to explore novel and advantageous sulfur covering 
functions to improve protective activity and reduce toxicity. WR 7681i3 
is an example of a new covering function which improves the thera- 
peutic index dramatically and also provides some oral protection. 

A few novel structures, unrelated to mercaptoethylamine, but pos- 
sessing intere3ting protective activity, are in this miscellaneous 
category. 
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WR h 

Thiazolidines A.  Ethers 

R,-0-Ro-N 1 2U •HC1 

R2 
LD50 Dose        Percent 

Route mg/kg mg/kg Minutes Survival Index 

138410 
Cl 

//  \x 

1384J9 

-(CH2)4- IP  200   90 

45 

Oral 650  300 

<CH2y^-    IP  160 70 

35 

(»•attachment to C2 of the 
thiazolidine ring) 

Oral 600+ 200 

108501 ■(CH2)5~ IP  225  100 

50 

Oral 400  200 

100 

■(CH2)5- IP  300  100 
50 

Oral 400+ 400 
400 
200 
100 

15 
30 
60 
15 

15 
30 
60 

15 
30 
60 
15 

15 
30 
60 

15 
30 
60 
15 

15 
30 
15 
30 

15 
15 

15 
30 
15 
15 

67 
73 
27 
13 

27 
47 
7 

93 
73 
20 
0 

27 
20 
0 

93 
80 

100 
0 

40 
73 
7 
7 

87 
33 

67 
60 
27 
7 

3.71 
3.84 
2.82 

2.75 
3.18 

4.42 
3.96 

3.81+ 

4.34 
4.05 
4.50 

2.80 
3.46 

3.62 
7.98 

1.67+ 
1.60+ 
2.54+ 
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Thiazoldines A. Ethers (continued) 

WR h LD50 Dose Percent h Route mg/kg mg/kg Minutes Survival Index 
911(96 U         \ -(CH2)6- IP  200  100 15 80 3.60 

^Jf 
50 15 50 6.00 

Oral 525+ 300 15 
30 
60 
90 

67 
93 
87 
13 

2.92+ 
3.38+ 
3.27+ 

1257 
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Thiazolidines B. Non-Ethers 

R-N, 

WR     ^L 

2949   CH3(CH2)7- 

38490 CH3O- (C^)^- 

36163 
\ 

- (CH2)6- 

n ■HC1 

LD50  Dose        Percent 
Route mg/kg mg/kg Minutes Survival Index 

IP 125 50 15 100 5.00 
30 93 4.82 
45 87 4.67 
60 73 4.32 

25 30 53 7.65 

Oral 750t 350 15 67 3.57+ 
30 67 3.57+ 

IP 210 80 15 100 5.25 
30 93 5.07 
60 7 

40 30 60 8.40 
20 30 0 

Oral 400 200 15 
30 

33 
7 

2.66 

100 15 
30 

27 
7 

5.08 

IP 80 25 15 73 5.53 
30 100 6.40 
60 8 

12.5 30 0 

Oral 200 80 30 60 4.00 
60 27 3.17 
15 7 

40 30 27 6.35 

1258 
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WR 

157076  8 

^1 

157073  6 

132727  3 

157311 4 

134783  5 

Thiazolidines C. Alkyl Thioethers 

Cri0(CH9) -S-(CH~)n -N 3  ^ n,     ^ n9 

22 

r HCl 
Dose Percent 

Route mg/kg Minute s Survival Index 

IP 250 100 30 47 3.68 
50 30 13 

Oral 600+ 600 30 73 1.73- 
300 30 20 

IP 175 80 15 67 3.66 
40 15 20 

Oral 600 300 15 40 2.80 
150 15 0 

IP 160 60 15 73 6.92 
30 60 6.40 
60 27 5.08 

30 15 7 

Oral 900 500 15 26 2.25 
30 40 2.52 

250 30 
60 

14 
0 

IP 125 100 15 50 
(toxicity) 

2.00 

50 15 67 4.18 
25 15 0 

Oral 650 250 15 67 4.34 
30 86 4.84 

125 30 92 9.98 
62.5 30 40 14.56 

IP 75 30 30 73 4.32 
60 67 4.18 
90 13 

15 30 0 

Oral 500 250 30 87 3.74 
60 80 3.60 

125 15 47 5.88 
30 87 7.48 

62.5 15 
30 

20 
20 

1259 
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Thiazolidines C. Alkyl Thioethers (continued) 

WR    n 

157072  4 

157312 

n„ 
-2 

IJD   Dose        Percent 
Route mg/Kg mg/kg Minutes Survival Index 

IP 150 80 15 60 3.00 
W 15 38 5.18 

Oral 500 200 15 60 4.00 
30 67 4.17 

IP 175 80 15 73 3.79 
40 15 46 6.40 
20 15 0 

Oral 650 300 30 67 3.62 
150 30 7 

1260 
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Thiazolidines D.  Other Thioethers 

WR R 

146104 

138417 ci_ 

132194 

152925 

138769 

R1-S-R2-N- 

^ r, '* 

•HC1 

vs- 
LD50 Dose Percent 

R2 Route mg/kg mg/kg Minutes Survival Index 

-(CH2)5- IP 125 60 15 93 4.02 
30 100 4.17 
60 53 3.19 

30 15 13 

Oral 650 300 15 
30 

71 
94 

3.71 
4.20 

-(CH2)5- IP 300+ 100 

50 

30 
60 
30 

67 
33 
0 

5.01+ 
4.00+ 

Oral 1000+ 500 15 
30 

0 
27 2.54 

-(CH2)6- IP 225 100 15 100 4.50 
30 93 4.35 
60 80 4.05 
90 60 3.60 

120 20 
50 15 0 

Oral 700 300 15 
30 

73 
67 

4.04 
3.90 

150 15 
30 

50 
80 

7.00 
8.40 

100 15 
30 

26 
13 

8.82 

-(CH2)6- IP 225 125 
62.5 

15 
15 

53 
0 

2.75 

Oral 450+ 250 30 80 3.24+ 
125 30 27 4.56+ 

-(CH2)6- IP 275 140 30 
60 
90 

87 
93 
67 

3.68 
3.80 
3.28 

70 30 40 5.50 

1261 
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Thiazolidines D.  Other Thioethers (continued) 

LD   Dose 
Route mg/kg  mg/kg 

Percent 
WR h h Minutes Survival Index 

x        Cl 
138769 r\ -(CH2)6- Oral 1000  500 15 

30 
13 
47 2.94 

\ // 
60 60 3.20 

\—V 400 30 
60 

33 
80 

3.33 
4.50 

200 15 
30 

13 
13 

1262 
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Amidines A. Alkyl Substituted 

N-fc-CH„-S-R„ 

< 
^   0 

LD Dose Percent 
WR R, 

■--Mt ^2 ^3 Route mg^ßg mg/kg Minutes Survival Index 

768U2 H H H IP   50 24 
12 

30 
30 

100 
73 

4.17 
7.20 

Oral 150 40 
20 

16 

8 

30 
15 
30 
15 
30 
15 

87 
G7 
40 
33 
40 
20 

7.00 
12.53 
10.50 
12.48 
13.12 

76841 CH3 CH3 H IP  190 100 
50 

15 
15 

53 
20 

2.91 

Oral 900+ 200 
100 

30 
30 

67 
54 

7.52+ 
13.86+ 

1551 H H -P03H2 IP   85 50 

25 

12.5 

15 
30 
15 
30 
30 

53 
100 

7 
53 
7 

2.60 
3.40 

5.20 

Oral 300 150 

100 

75 

15 

30 

15 
30 
15 
30 

67 
(toxicity) 

60 
(toxicity) 

67 
73 
33 
27 

3.34 

3.20 

5.02 
5.20 
5.32 
5.08 

108250 H H -P03H2 IP  180 75 30 53 3.67 
(toxicity) 

37.5 30 93 9.26 

Oral 550 350 30 
60 

93 
73 

3.03 
2.72 

1263 
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Amidines B. Cyclic Substituents 

R1-R2-NH-C-CH2-S-R3 

WR  R^ 

8161 CH3O- 

CH3O 

145720 CH Q \J 

151331 A ^- 

150637 

^2   h Route rag/Kg mg/kg Min. Survival Index 

-(CH2)- -SO3H IP 85 65 15 73 2.26 
32.5 15 67 4.36 

Oral 600+ 100 15 
30 

0 
0 

v -CHoCHo- H IP 125 50 15 53 3.82 r (toxicity) 
25 15 27 6.34 

(toxicity) 

Oral 600+ 200 
100 

30 
30 

27 
0 

3.81+ 

Wj- Symmetrical IP 22 10 15 67 3.67 
Disulfide (toxicity) 

5 15 80 7.92 
2.5 15 0 

Oral 190 50 30 73 6.58 
25 30 40 10.64 
25 15 73 13.16 
12.5 15 13 

-CH2-   -SO3H IP 30 15 15 93 3.86 
7.5 15 67 6.68 
3.8 15 0 

Oral 150 75 30 47 2.94 
75 60 27 2.54 
50 15 53 4.59 
50 30 80 5.40 
25 15 13 
12.5 15 0 

1264 
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Amidines B.  Cyclic Substituents  (continued) 

R 
-2 h 

LD[-0  Dose     Percent 
Route irig/Rg mg/kg Min. Survival Inde; 

-SCH2CH2- -SO3H IP 40 

Oral 300 

146092^  ^ -0-(CH2)3- -SO3H IP    75 

15  15 
7.5 15 

175  30 

87.5 30 

30  15 
15  15 
7.5 15 

94292 

156917 

92973 

Oral 650  250 

-SO3H    IP 65 

Oral 140 

20 
10 
5 

60 
60 

15 
30 

15 
15 
15 

30 
60 

-OCH2CH2CH2 -S03H IP 20 12.5 30 
6.25 30 

Oral 600+ 

-S03H IP 30 

Oral 225 

300 

200 

30 

30 

15 15 
7.5 15 
3.8 15 

100 

75 

50 
25 

15 

30 

15 
30 
30 
30 

87 
13 

0 
(toxicity) 

0 

100 
93 
0 

7 
0 

67 
67 
0 

40 
40 

60 
20 

0 

4.98 

5.00 
9.64 

5.42 
10.84 

3.27 
3.27 

2.56 

(toxicity) 
0 

93 
60 
7 

3.86 
6.40 

47    3.31 
(toxicity) 

50 4.05 
(toxicity) 

36 4.08 
47 4.41 
87 8.42 
27        11.43 

1265 
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Amidines B.   Cyclic Substituents  (continued) 

LD 
WR 

109342 

h R 
-2 

-GH.- 

157798 

^3 

H 

50       Dose Percent 

157078     CH -CH2- H 

-SO3H 

94140 -CH -     -SO H- 

Route mg/kg mg/'JSS. M^n Survival Tndex 

IP 

Oral 

IP 

Oral 

IP 

Oral 

IP 

Oral 

22 12 15 93 3.54 
30 83 3.86 
60 93 3.54 

6 15 67 6.13 
3 15 33 9.76 
1.5 15 0 

65 30 15 93 4.18 
30 93 4.18 
60 67 3.62 
90 33 2.88 

15 15 75 7.58 
30 92 8.32 

10 5 15 64 3.28 
2.5 15 33 5.32 

175 100 15 60 2.80 
(toxicity) 

50 15 93 6.56 
25 15 80 12.60 
12.5 15 7 

55 25 15 80 3.96 
12.5 15 0 

600+ 600 30 13 
(toxicity) 

300 30 0 
200 30 7 

25 10 30 93 4.82 
5 30 47 7.35 
2.5 30 0 

300+ 300 30 
60 

0 
13 

200 30 
60 

0 
0 

1266 
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Amidines B. Cyclic Substituents (continued) 

WR R 

145040 

149750 

157799 

^2 R 
-3 

-0CH2CH2- -SO3H 

CH3 

-OCHCH,,- -SO3H 

-CH^CHoCH^- -SOoH 

145378      * y -0CH2CH2CH2- -SOgH IP 

^ 

Route 
LD,o 
mg/kg 

Dose 
mg/kg Min. 

Percent 
Survival Index 

IP 75 30 15 
15 15 

80 
20 

3.60 

Oral 600+ 400 30 
60 

120 
190 

0 
3c 
13 
13 

8.90+ 

IP 60 30 15 

15 15 
7.5 15 

67  3.34 
(toxicity) 

73  6.92 
20 

Oral 300+ 300 30 
150 30 

7 
0 

IP 8 5 30 

2.5 30 
125 30 

7 
(toxicity) 

40  4.48 
0 

Oral 600+ 600 30 13 

IP 35 15 15 
7.5 15 

73 
0 

4.04 

Oral 300+ 300 15 
30 

0 
0 
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WR 

1065 

h 
NH2-(C:H2)3- 

2721   NH2-(CH2)3- 

151325 NH2-CH2 t 

R2 

-H 

Aminoalkylamino Compounds 

^-NH-CHo^-S-I^ 

LD^Q Dose        Percent 
Route mg/kg mg/kg Minutes Survival Index 

-P03H2 

CH-; ■p03H2 

126158 NH2CH CCH2- 
rH' 
Ct -p03H2 

125050  (CH3)3C-NH--(CH2)3- -PO3H2 IP ^0 

IP 300 150 15 100 4.00 
75 15 73 6.92 
38 15 33 10.64 
19 15 7 

Oral 500 250 15 27 2.54 
30 67 3.34 

125 15 
30 

13 
7 

IP 900 600 15 100 3.00 
300 15 100 6.00 
150 15 100 12.00 
75 15 80 21.60 

Oral 1100 600 15 40 2.57 
30 80 3.30 

300 15 20 
30 47 5.40 

IP 825 600 30 40 
(toxicity) 

1.92 

300 30 93 5.31 
150 30 87 10.28 
75 30 20 

IP 600 300 15 87 
(toxicity] 

3.74 

30 67 3.34 
60 80 3.60 

150 15 73 6.92 
75 15 0 

H2 IP H'iO 250 15 93 3.48 
30 80 3.24 
60 73 3.12 

125 30 56 5.61 
62.5 30 0 

Oral 800+ 500 15 0 
500 30 27 2.03-t 
500 60 0 

1268 
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Aminoalkylamino Compounds (continued) 

LD 50 Dose Percent 
WR h % Route rag/kg  mg/kg Minutes Survival Index 

1729  NH2(CH2)5-  -H 

108514 

IP  190 

IP  390+ 

-.CH2-CH„—P03H2 

Oral 900+ 

i 2529 NH2t-CH2CH2   H 

0 

13921+5 NH2C-CH2CH2- 

IP  875 

IP  625 

Symmetrical 
Bisulfide 

1269 

100 15 73 3.29 
50 15 40 5.32 

200 15 53 2.98+ 
30 87 3.65+ 
60 60 3.12+ 
90 13 

100 30 20 

600 30 47 2.20+ 
300 15 40 4.20+ 

30 20 
60 7 

500 15 100 3.50 
250 15 93 6.76 
112 15 54 12.02 
56 15 7 

500 15 73 2.16 
250 15 13 
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Aminopropylthiophosphates 

WR Structure 

NH. 
114391    NH9CH2iHCH2SP0„H 3n2 

OH 
142489    NH2(CH2)3NHCH2(:HCH2SP03H2 

LD50 Dose Percent 
Route mg/kg mg/kg Minutes Survival Index 

IP  800+ 400 30 80 3.60+ 
60 53 3.06+ 
90 0 

200 30 20 
100 30 7 
50 30 7 

Oral 2600 800 30 
60 

0 
0 

H2 
IP  875 400 15 100 4.38 

200 15 100 8.75 
100 15 53 13.39 
50 15 0 

Oral 600+ 600 30 0 

1270 
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Burte Salts and Thiophosphates 

Rj^-NH- -CH2CH2S-R2 

LD50 Dose Percent 
WR     ^ R2 Route mg/kg 

IP   100 

mg/kg 

50 

Minute 

30 

s Survival 

47 

Index 

133569 -SOoH 2.94 

25 30 
(toxicity) 

33 5.32 
35 
35 

15 
60 

13 
60 4.58 

IP   150 

35 

60 

120 

15 

7 

60 142079 -P0„HNa 4.00 

ATK 30 100 5.00 

rx) 60 33 3.33 

\^^ 30 15 7 
CH2- 

Oral 1+50 200 15 
30 

67 
20 

3.76 

Cl 
1 

1Q0 15 
30 

0 
0 

S03H 

IP   175   50    30    87     6.55 
(toxicity) 

25    30    80    12.60 
12.5  30    93    27.02 
6.25  30    13 

138415 

143996     Cl_/ X-O^CHOc- 

^  / 
-P03H2 

0-(CH2)5- 

CH(CH  )o 
3  d 

.SO3H 

Oral 900+ 600 30 
60 

0 
0 

IP   250 100 15 80 4.50 
30 87 4.68 
60 13 

50 15 7 

Oral 900 300 15 
30 

20 
13 

IP    60 30 15 73 3.46 
30 87 3.74 
60 27 2.54 
90 7 

15 30 100 8.00 
7.5 30 67 13.37 
3.8 30 Q 

Oral 900+ 600 30 
60 

Q 
0 

1271 

L 
■- ■- ■-■  ■■ ■ 

- ■--- 



Bunte Salts and Thiophosphates (continued) 

WR 

136181 

1*2 
LD50    Dose Percent 

Route mg/kg mg/kg Minutes Survival Index 

CH i-<^yQ-(cH2)5- 

N(CH3)2 

IP 135 

122960 
CH3O 

122970 

100 

125 

0-(CH2)3- 

36978 

?H3 
CHoC-CHn 

CH3 
,CH-C 

-PO3H 

HOH-CH2- 

75232    CH3(CH2)7- -P03H2 

134790 -S03H 

\N 

L_S 

r (CH2)3-Si-CH2 

Oral    900+ 

IP 65 

IP 125 

Oral    315 

IP 250 

1272 

90 15 33 2.00 
45 15 100 6.00 

30 93 5.79 
60 53 4.59 
90 7 

22.5 15 38 8.28 
11.2 15 7 

50 30 80 3.60 
25 30 80 7.20 
12.5 30 67 13.36 
6.25 30 7 

70 30 93 3.45 
60 100 3.58 
90 73 3.10 

120 40 2.50 
35 30 87 5.70 
17.5 30 67 11.92 
8.8 30 13 

600 30 0 
60 7 

30 15 80 3.90 
30 40 3.03 
60 27 2.75 

15 15 60 6.94 
8 15 0 
4 15 7 

50 15 87 4.68 
25 15 93 9.64 
12.5 15 0 
6.3 15 13 

200 30 60 
(toxicity) 

2.tV> 

100 30 20 
50 30 7 

50 15 80 9.00 
30 93 9.65 
60 93 9.65 

25 15 67 16.70 
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WR 

CF 
132919    I   3 

Bunte Salts and Thiophosphates (continued) 

Percent 
Survival 

LD50 Dose 
FL      R9       Route mg/kg mg/kg Minutes Index 

-SO3H     IP 300   50 

^ SH3 \V äi-CH2- 
J   CH3  '                    25 

30 
60 
90 
30 

86 
67 
27 
40 

11.16 
10.03 
7.62 

16.80 

Oral 900+  600 30 0 
60 0 
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Sulfur Covering Functions 

LDCQ    Dose Percent 
WR Structure Route mg/kg mg/kg Minutes Survival Index 

146074    NH2CH2CH2SSCCH3 IP      350        150 15 67 
75   15       7 

3.90 

76843  CH3äNHCH„CH2SS(CH2)i+S02Na 

IP  700   370   15 33 2.52 
185   15 40 5.30 
92.5  15 67 12.63 
46.2 15 53 23.36 
23.1 15 7 

Oral 1050   600   15 79 3.13+ 
30 40 2.45+ 

139241 [CHgCCI^gNHC^CI^S-Si^ IP   W 15   15 73 4.62 

(toxicity) 

):-NHCH9CH2S-S- 
LNH; 

7.5  15      13 

Oral 400+  400   30     13 
200   30       7 

50909  |  )C-NHCH2CH2S-S-     IP  125    40   15 67    4.45 

^2 -'2 30 7 
60 0 

20   15 7 

Oral 535   400   30 53    2.43 
60 47    2.34 
90 67    2.65 

120 47    2.34 

139240  [NH2CH2CH2NHCH2CH2^S2>5 
'IP  200    100  15 80    3.60 

50  15 53    6.12 
25  15 0 

1274 
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WR 

33754 

Structure 

n       2 
LCH2CH2- 

127016 CH3-NH- ■SH 

127017 CHo(CH^)Q-NH-?
>-SH 

323   ÖH 

149997 

145725 

NaO-S-(CH )li-S-- 
2 H 

Miscellaneous 

mg^g 
Dose Percent 

Route mg/kg Minutes Survival Index 

IP 43 32 30 60 2 .15 
60 40 1 .88 

IP 50 25 15 93 3 .86 
12. 5 15 67 6 .68 
6. 25 15 40 11 .20 
3. 12 15 7 

Oral 400 200 30 33 2 .66 
60 27 2 .54 

IP 45 25 15 67 
(toxicity) 

3 .01 

12. 5 15 100 7 20 
6. 25 15 27 9 15 
3. 12 15 13 

Oral 400 200 30 

60 

47 
(toxicity) 

13 
(toxicity) 

2 94 

IP 800 400 15 70 
(toxicity) 

3. 40 

200 15 73 6. 92 

IP 800 300 30 60 
(toxicity) 

4. 26 

150 30 60 8. 52 
75 30 13 

Oral 875+ 600 30 47 2. 14 
60 86 72 

300 30 20 
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V. Radiation Protection in Dogs 

Chemical compounds that have shown significant radioprotection in 
mice at Walter Reed were selected for further testing in dogs. An 
acute toxicity study was performed with each compound prior to use 
in radiation testing. Radioprotection studies were generally 
conducted with the maximum tlerated dose of each compound. 

Healthy, immature beagle dogs weighing approximately nine to twelve 
kilograms were exposed to a lethal dose of approximately S$0 Rads 
of ionizing Irradiation. Exposures were conducted at the Harry 
Diamond Ordance Reactor facility under the direction of Mr. Walter 
Giesler. Animals were exposed in the wood-lined exposure room 
adjacent to the reactor tank. Dogs were confined during irradiation 
periods in rectangular lucite cages arranged in a four cage array 
parallel to the gamma isodose curve produced by the reactor flux. 
The mid-line of the cages was 130 centimeters distant from the tank 
wall. With the reactor operating at 2^0 kilowatts power steady 
state, gamma dose rate waa from 100 to 108 R per minute measured 
at the midline in air with a tissue equivalent ionization chamber. 
Neutron contribution to total dose was selectively reduced to 2% 
by maintaining a thickness of 70 centimeters of tank water between 
the core of the reactor and the exposure room. Of the 2% neutrons, 
energies were predominantly thermal. 

Under the above conditions the radiation IJDHQ/30 was h32 R (Figure l) 
Of twenty control dogs irradiated at 650 R auring this fiscal year, 
none survived. The death peak (Figure 2) occurred at 10.0 to 11.0 
days with a mean of 11.kS  days. 

The results of all the compounds tested in dogs in the fiscal year 
of 1970 are listed in Table I.   A comparison to the results in 
mice is also listed. One combination study was conducted in fiscal 
year 1970. Results are shown in Table II. 

VI. Radiation Protection in Monkeys 

Healthy Macaca mulatta (Rhesus) monkeys weighing from four to seven 
pounds were exposed to a lethal dose of approximately 800 Rads of 
ionizing radiation at the Harry Diamond Ordnance Laboratory Facility. 
At 2^0 kilowatts of steady state power with this particular experi= 
mental design, the total dose of radiation is delivered at about 
95 R/min. Animals were exposed in leather and "Valcrow" harnesses 
secured to upright plexiglass boards. These harness allow for less 
handling and greater ease of drug administration. Since the monkey 
screen is relatively new, only two compounds ere tested in fiscal 
year 1970. Results are shown in Table III. 
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RADIATION LETHALITY STUDY 
DORF REACTOR-GAMMA 

DOGS 

Dose  Rate   (Rads) Animals Animals % Mortality 
Exposed Dead 

12 2 17 
12 i* 33 
12 6 50 

8 6 75 
20 20 100 

292 
356 
432 
518 
650 

(FIGURE 2) 

100, 

754 

50# 

25 

Mortality 

300 400 500 600 7 00 

Total Radiation (Rads) 
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VII.    Liver Perfuoions 

Hepatic neoplasia is generally a condition which is not amenable to 
resection.    Br-eedis and Young (Am. J.  Path. 30:    969-977, 19^) have 
demonstrated that malignant hepatic neoplasms derive their blood 
supply almost exclusively from the arterial side.    The normal 
parenchyma, however, receives its blood supply primarily from the 
portal vein.    The dichotomous circulation in the neoplastic liver 
should allow the selective perfusion of the liver.    Nitrogen mus- 
tard introduced through the hepatic artery should affect primarily 
the neoplastic tissue.    Administration of a nitrogen mustard 
antagonist through the portal vein should protect the normal liver. 
This study was conducted to test whether normal liver parenchyma 
could be protected from a supralethal dose of nitrogen mustard. 

Nitrogen mustard in a dose of 2mg/Kg of body weight is an LDnQ+ • 
This dose of nitrogen mustard was used in this study.    A combination 
of two drugs were employed as a nitrogen mustard antagonist.    This 
combination consisted of D,L-threo-3-2(2 mercaptoethyl) amino-l,2,ii- 
butanetrlol hydrochloride (V/R 23hl) at 300 mg/Kg and cysteine 
(WR 3U8) at kOO mg/Kg.    This combination will be referred to 
subsequently as the WR drugs.    The structures appear below. I 

HO-CH.-CH-CH-CHoOH ' 
2    [ ^ .HC1 

OH NH-CHg-SH 

D,L-threo-3-(2-mercaptoethyl) amino-1,2,1^-butanetriol hydrochloride 

-CH0-SH 

CÖ0H 

HgN-CH-C^ 

The experimental subjects were mature, healthy, purebred Beagle 
dogs in the nine to twelve kilogram weight range.    A series of 
ten dogs was employed.    Following anesthesia, entry was made into 
the abdominal cavity and the portal vein, hepatic artery, gastro- 
duodenal artery and vein were isolated.    The gastroduodenal artery 
and vein were cannulated, the latter cannula extending into the 
portal vein.    Umbilical tape was placed around the portal vein, 
caudal to the point where the venous cannula entered the portal, to 
facilitate future blockade.    The femoral artery was isolated and 
a balloon catheter inserted to a point just anterior to the coeliac 
artery.    Surgical preparation for the perfusion was complete at 
this point, with two patent catheters, one each in the gastro- 
duodenal artery and the gastroducdenal veinj ligatures or clamps 
ready to provide temporary blockade of the hepatic artery, bile 
duct, and portal vein; and a balloon catheter ready to provide 
blockade anterior to the coeliac artery. 
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Following inflation of the femoral balloon catheter, blockade of 
the portal vein and the bile duct, perfusion of the liver was 
started with the WR drug combination via the gastroduodenal-portal 
vein route.    One minute later the nitrogen mustard was started via 
the gastroduodenal hepatic artery route.   Mustard administration 
was completed in ten to fifteen seconds.    The WR drugs required 
about 5 minutes for complete administration.    The liver was kept 
isolated for 10 minutes following the administration of nitrogen 
mustard to assure complete neutralization of the mustard before 
release to the general circulation.    Following the perfusion, re- 
moval of catheters, restoration of the afferent hepatic circula- 
tion, and removal of the aortic block, routine closure was 
performed. 

All ten dogs had an uneventful post operative recovery.    The 
animals were sacrificed at US, 60 and 90 days post surgery by 
random selection.    Microscopic examination revealed the following 
results. 

The primary insult appears to affect the gallbladder.    The result 
was hemorrhage followed by fibrosis and eventual atrophy.    Bladders 
in some cases were not apparent.    Lobes of the liver adjacent to 
the bladder fossa were fibrotic with adhesions to stomach, intest- 
ines and adjacent lobes of the liver.    Portal fibrosis and sclerosis 
in adjacent parenchyma was extensive by forty-five days.    Bile 
accumulated in the area and there was mild proliferation of 
reticulo-endothelial cells in the portal triads.   A definitive 
difference in hepatic change was difficult to ascertain, but there 
appears to be more bile in the tissues and more R.E. cell prolif- 
eration than normal.    There were biliary duplication, numerous 
immature biliary elements was reduced suggesting a regression of 
changes induced by the drugs. 

Other consistent findings included, tonsillitis, and cystic pros- 
tatitis.    Small aggregates of mononuclear cells were seen in the 
lungs.    Wherever suture material was encountered, there was a 
granulomatous response.    The renal lymph node was consistently 
enlarged and dark.    This node was not segregated during processing, 
but nodes were seen in which bile and hemosiderin lade macrophages 
were prominent, which iniicates a cause for the enlarged nodes. 

The results of this study indicate the feasibility of protecting 
the normal liver parenchyma from a supralethal dose of nitrogen mustard 
by the concomitant administration of nitrogen mustard antagonists. 
These results offer encouragement for drug therapy of hepatic neo- 
plasia by permitting the administration of a dose level which is 
presently prohibitive due to toxicity. 
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VIII. Antiallergic Properties of Radioprotectants 

In-vivo 

The transfer of allergic antibody (reagin) from man to other primates 
has been shown to sensitize the skin of recipient primates1.    Challenge 
with the appropriate antigen will produce a reaction in the sensi- 
tized animal.    The allergic reaction can be localized for study purp- 
oses by injecting the reaginic sera intradermally to produce a wheal. 
Intravenous injection of antigen and Evans Blue dye produces a 
circumscribed blue area due to extra-vasation of dye at the sensi- 
tized site.   Since reagin has been shown to be thiol sensitive, 
it should be sensitive to certain thiol-containing compounds.    In 
this procedure 0.1 ml of reaginic sera from clinical patients was 
injected intradermally into healthy, Macaca mulatta monkeys at three 
sites per serum dilution.    Undiluted serum plus four serial serum 
dilutions were used on each monkey.   Drugh injections (I.V.) are 
given thirty minutes prior to challenge with antigen.  (10-20,000 PNU/ml) 
plus 2 ml of 1^ Evans Blue dye are used for challenging.    Serum 
injection sites were checked thirty minutes after challenge for 
color changes.    Drug effectiveness was based on a comparison of the 
reaction in drug-tested animals as compared to non-drug-tested 
controls.    Preliminary studies indicated an absence of an allergic 
response with injections of WR 377 at #)0 mg/Kg; WR 638 at 250 mg/Kgj 
WR 771 at 5 mg/Kgj WR I6l6 at 350 mg/Kgj and WR 23^7 at J^O mg/Kg. 
WR 2529 gave a slight diminution of the allergic reaction at 
500 mg/Kg.   Several studies have been conducted with WR 638 in 
order to parallel the Phase I clinical workup.    Results at various 
dose levels have been erratic.    Control response has also been 
variable sind adjustments in procedure have been made to try to 
assure a more uniform response.    Results using WR 638 are shown in 
Table  17. 

1. Rose, Noel, R., John H. Kent, Robert E. Reissman, Carl E. Arbesman 
and Pierre Girard.    Demonstration of Human Reagin in Monkey. 
J. Allergy 35, 520-53^5 535-5ii6, 1961*. 

2. Leddy, John P., Geraldine L. Freeman, Ascencion Luz and 
Richard H. Todd. Inactivation of the Skin-Sensitizing Anti- 
bodies of Human Allergy by Thiols. Proc. Soc. Exp. Biol. Med. 
Ill, 7-12, 1962. 

In-vltro 

In order to more efficiently utilize the animals available for 
antiallergy drug screening an in-vitro screen has been developed. 
The procedure is similar to that described by Leddy et al . Two 
drugs and a control were tested on each monkey. The  drug-serum 
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mixture and control serum was injected intradermally in the abdomi- 
nal area. The antibody was challenged twenty-four hours after 
injection with an intravenous injection of appropriate antigen 
plus 1^ Evans HLue dye. Activity of the test compound was based 
on a comparison of wheal size of drug treated serum as compared to 
that of the control serum. Eight compounds were tested in the one 
experiment conducted in fiscal year 1970. The results are shown 
in Table V. 

IX. Evaluation of Radiation Compounds as Possible Therapeutics 
for Wilson's Disease 

Wilson's disease, or hepatolenticular degeneration, was orginally 
described by Wilson in 1912 as a "familial nervous disorder as- 
sociated with cirrhosis of the liver." Currently the disease is 
best defined as an inter-relationship between an autosomal recessive 
inherited defect causing abnormalities in the metabolism of copper. 
There is a significant increase in the serum copper (bound loosely 
to albumin) but a deficiency of serum ceruloplasm, a copper 
protein with weak oxidase activity. The excess copper is deposited 
in svch tissues as the brain, liver, co.'aea, kidney, and skin. 
The disturbances of copper metabolism are summarized in Table 1. 
Clinically, 7^$ of all disgnosed cases are neurological in complaint, 
the remainder chiefly involving the liver. A diagnosis can be made 
with certainty if greenish-brown bands (Kayser-Fleischer rings) 
can be seen around the limbus of the cornea. 

In 196ii Porter compared the distribution of copper in subcellular 
fractions from Wilson's Disease liver, normal adult liver, and human 
neonatal liver. Porter found the principal subcellular site of 
liver copper deposition to be the mitochondrial fraction, with a dis- 
tinct similarity in the distribution of copper in newboms to that 
of Wilson's disease. Other researchers such as Evans have found 
the hepatic-mitochondrial copper distribution and serum ceruloplasm 
in neonates (rat, bovine) to coincide with that of a Wilson's 
disease liver. In 1956, Walshe introduced the sulfhydral-containing 
copper-chelating agent penicillamine as a treatment for Wilson's 
disease. Penicillamine has an affinity for copper, causing mobi- 
lization and excretion of the bound-copper. However, adverse effects 
have been noted, such as: leukopenia, thrombocytopenia, vitamin Ik 
deficiencies and lathyrogenic effects resulting from disordered 
collagen formation. Possibly other sulfydral compounds may prove 
to be less toxic and have a greater affinity to chelate copper. 

j 

The xperimental animals were rat neonates ranging from 12-li8 hours 
of age (approximately 5-6 litters/experiment). The neonates were 
anesthetized and then sacrificed. Livers were removed, weighed and 

i 
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suspended in .25M sucrose.    The livers were homogenized and dif- 
ferentially centrifuged to produce a mitochondrial fraction.    Equal 
volumes of D-penicillamine or other test compounds and mitochondria 
were incubated at 37 degrees C for one hour.    A control combined 
.23M sucrose instead of the drug.    After incubation, the samples 
were centrifuged at 27,000 xg for five minutes.    The supematants 
were analyzed for copper by atomic absorption spectrophotometry. 

D-penicillamine was effective in removing the bound-copper found 
within neonatal mitochondria.    Several concentrations of D-pen- 
nicillamine, 10"^, 10"^, and 10"° M were tested at different time 
intervals:    0, 10, 20, 30, 1*5, 60,  90, 120, and 180 minutes.    Results 
showed that at 60 minutes the majority of the chela table copper 
was removed.    On this basis, a 60 minute incubation was established. 
At the concentrations of 10"2 - 10"^ M of D-penicillamine a linear 
relationship was established between the corresponding amount of 
copper removed and the logarithm of drug concentration (see Graph l). 
In the range of 10"^ - 10-6 M no marked difference in ability to 
chelate copper was seen.    Thus the concentrations of 10*2 - 10"^ M 
were used in studying other sulfhydral compounds.    Other compounds 
tested to date are:    N^P mercaptoethyl-$-alanine (WR 23ii6)j  L- 
cysteine hydrochloride (WR 3li8)j dl-thero-3-2-mercaptoethyl-amino 
1,2,1; butanetriol HC1 (WR 23l;7); para-aminothiophenoxyacetic acid 
(WR 15206),    Their ability to chelate copper in relation to their 
corresponding chemical structure, as compared with D-penicillamine 
is interesting (see Graphs 2-U).    Presently, other sulfhydral com- 
pounds are being tested in order to obtain more conclusive results 
on the possible binding mechanism of D-penicillamine to copper and 
in hopes of discovering a more effective chelator of copper for 
Wilson's disease patients. 

Table 1 - Copper in Wilson's Disease 

1. ^ Total Serum Copper 

2. ^ "Free" or Bound Copper 

3» ^ Ceruloplasm in Serum 

I*. ^N Absorption of Copper from G.I. Tract, Decreased G.I. Excretion 
of Copper, or both. 

5. ^   Urinary Output of Copper 

6. ^ Copper in Tissues - Brain, Liver, Cornea, Kidney and Skin 

7. Delay in Clearance of Plasma Copper by Liver 
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Graph 1 

Copper Removed From Neonatal  Rat Liver Mitochondria As A 
Function of Penicillamine Concentration. 
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Mitochondria as a Function of Drug 
Concentration. 

1296 

n .i.iil ill I n ^M^MMMMB 



Mi 

0.251 

ppm 
Copper 

0.2(1 

0.15i 

O.IOL 

0.05 

• • WR 348 
ooWR 2347 
XK Penlcillamlne 

-0.05+ 

x 
o 

H *- 

3 2 

logio   (Conc.) 

Graph 3 

Copper Removal From Neonatal Rat 
Liver Mttochondrlal As A Function of 
Drug Concentration. 

1297 

n iimiMU—    1  J 



mmmmmmm 

ppm 
Copper 

0.25.. 

0.20.. 

0.15.. 

0.10- 

0.05-- 

-0.05- 

• • WR 1553 
xxPenlclllamine 

log10 (Cone.) 

Graph 4 

Copper Removal From Neonatal Rat 
Liver Mitochondria As A Function o£ 
Drug Concentration. 

1298 

 ■"^-~*^'-~*~~*- 



n 

X. Evaluation of Pit Viper Antlvenom Against C. rhodostomo in 
Albino Mice 

The purpose of this investigation was to assay the potency and 
specificity of a monvalent antisnake venom serum prepared by 
American Field Service, Thailand against iC. rhodostoma. The 
ability of this antivenom to neutralize lethal effects of pit viper 
venom was determined. 

Materials and Methods 

C. rhodostoma venom (lot # CR 1168) was obtained from the American 
Venom Labs, Jungle Land, Thurmont, Maryland, in a dried lyopnilized 
state. Prior to use the venom was dissolved in physiologic saline. 
Freshly prepared solutions of venom were used for each day's 
testing. The lethal intravenous dose of venom was established in 
groups of ten mice. All injections were made into tail vein. 

The toxicity LIVQ of the venom was first established by injecting 
varying doses into tail veins. The relative potency of the anti- 
venom was determined by injecting mice intravenously with lethal 
doses of venom, followed by a second intravenous injection of 
.1 ml of the antivenom into same tail vein. 

Survivors were those animals alive at twenty-four hours. 

Results 

The results of these studies are summarized in Tables 1, 2 and 3« 

Table 1 #3 shows the effect of graded doses of C. rhodostoma on 
both percent mortality and survival times in mice. The toxicity 
UVQ as determined by transforming data to log-probit scale and 
using Miller Tainter method of analysis is shown to be 120 ± 9.2 |ng. 
The ability of pit viper antivenom to protect mice against lethal 
doses of venom is shown in Table 2. The relative potency of the 
monovalent antivenom (pit viper) is evaluated as 159^« When the 
results are plotted (Fig. l) the LD^Q of the antivenom-treated 
mice is shown to be 191 i 21^ g. In keeping with units established 
by other investigators, 1 ml of the reconstituted antivenom will 
effectively neutralize not more than 1.6j^g C. rhodostoma venom. 

Discussion 

Data from these studies indicates that l60jU g of C. rhodostoma venom 
will effectively kill 80-100^ of all mice given a~single intravenous 
injection. 

1299 



.■.nil || Wllllliiwyiiiuilllljjnjüil.l.illllll 

Time to death following venom decreases with an increase in the amount 
injected.    These data are consistent with results obtained using 
other venoms. 

Since data on relative potency of this antivenom are   lacking, the 
neutralization capacity was effective since it increased the toxicity 
LD^Q of venom by a factor of 1.6. 

References 

1. Vick, James and Marie Grenan, Evaluation of Antivenoms Against 
Naja na ja and Bungarus Caeruleus Snake Venoms.    (To be published) 

2. Vick, J. A., C. R. Roberts and M. H. Heiffer.    Pharmacological 
Effects of Lethal Doses of Snake Venoms.   Fed. Proc. 27:    707, 1968, 

3. Miller, L. C. and M. L. Tainter.    Estimation of the ED^Q and its 
Error by Logarithmic-Probit Graph Paper.   Proc. Soc. Exp. Biol. 
and Med.    ^7:    261-26U, 19hh. 
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Table I.     Effect  on Mortality of Varying Concentrations  of Venom 

# (pg) (ml) n % 
Mice Venom Venom Dead Mort S. T. (Min.) 

10 100 .50 3 30 18' - 33' 
10 100 .20 4 40 38' - 174' 

9 120 .30 3 33 20' 
(2 overnite) 

9 120 .20 5 55 25' - 175" 

10 140 .35 9 90 10' 
(1 

- 162 ' 
overnite) 

5 140 .20 3 60 13' 
(1 

- 54' 
overnite) 

10 160 .40 10 100 3' - 47' 
5 160 .20 4 80 15' 

(1 
- 35' 
overnite) 

10 200 .50 10 100 4' - 70' 
5 200 .20 5 100 20' 

(2 
- 30' 
overnite) 
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XI. Pharmacology of Radioprotectants 

Experiments were conducted to define descriptively the general 
pharmacology of antiradiation drugs developed under this program. 
Data from these studies continue to illustrate that there is no 
overlying single pharmacological action of these agents and that 
each antiradiation drug is unique with respect to its own pharma- 
cological properties. Considerable effort has been expended in the 
exploitation of WR 2823, WR 1729, and WR lli902l;, with particular 
emphasis on the application of these drugs to the potential therapeutic 
efficacy in the treatment of incidental injuries incurred on the 
nuclear battlefield. These agents represent a series of compounds 
having antiradiation actions which also possess remarkable proper- 
ties to prevent or to reverse mortality and other pathophysiology 
related to nuclear battlefield injuries. Specifically, WR 2823 
is being developed for Phase I and Phase H testing in man as a 
potential drug for the treatment of hemorrhagic shock. VIR 2823 
and WR ll4,902U have been ahown to be effective in preventing patho- 
physiology of lethal endotoxin injections in the dog. WR 1U902U, 
WR 2823, WR 2721 and WR 33278 are effective in preventing death 
due to traumatic injury (Noble Collip Drum Trauma) or endotoxin 
injection in mice. WR 1^902^ and WR 2823 are effective in pre- 
venting death and acute cardiovascular changes due to anaphylaxis 
in mice. WR 11^9021; and WR 2823 are effective in preventing acute 
hypotension, elevated blood histamine level, and death from intra- 
venous injections of endotoxin in dogs. WR 2823 AB has been 
formulated for eventual use in man. Stability tests are under way, 
sterility and pyrogen testing have been completed. The formulated 
material has been proven for efficacy and safety in animals. Sub- 
acute toxicity studies are under way, preliiHnary to beginning Phase I 
testing in man. We have not been able to deiu ^trate that WR 2823, 
WR 1729, or WR li;902li can prevent mortality due 00 tourniquet 
injury in mice. WR 2023 acts to prevent the decrease in cholonic 
temperature in mice subjected to Noble Collip Drum Trauma. WR 2823 
could not be shown to have a significant effect on blood sugar 
levels in mice not subjected to Noble Collip Drum Trauma; however, 
WR 2823 does prevent blood glucose rise following Noble Collip Drum 
Trauma. WR 2823 has no effect on hematocrit in mice. WR 2823 does 
not have an addative effect to the therapeutic properties of blood 
reinfusion in monkeys subjected to irreversible hemorrhagic shock. 
A thin layer Chromatographie procedure has been developed for the 
study of the diaminothios and their derivatives. The metabolism 
and excretion patterns of WR 1093U2 are being studied to evaluate 
the possible pharmackinetic mechanism involved. WR 2823 has been 
shown to be a selective alpha adrenergic blocking drug in the femoral 
vascular bed» 
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XII.    Sumanary and Conclusions 

Emphasis in the contract synthesis program has been on the latenti- 
ation of the thiols.    Excellent oral activity has been obtained 
in certain of the 3-pyridinyloxyalkyl thiazolidines in mice.    Pive 
compounds were carried through to dog studies and two to monkey 
studies during the year.   On compound, WR 97913^ gave good pro- 
tection to the dog; it was not tested in monkeys.   Several agents, 
in addition to their antiradiation properties, have assumed increasing 
importance from the standpoint of preventing death due to hemorrhagic, 
traumatic, or endotoxin shock.    These are scheduled to be studied in 
the clinic shorty.    Studies of ancillary benefits which may accrue 
from the use of these agents, such as the possibility of use in 
Wilson's Disease, arthritis, and as an antiallergy drug, have 
received only modest attention. 
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Project 3A062110A824, IONIZING RADIATION INJURY, PREVENTION AND TREATMENT 

Task GO, Ionizing Radiation Injury, Prevention and Treatment 

Work Unit 056, Protective effect of aminothiols against ionizing and 
neutron radiation 

Investigators. 
Principal:    LTC C. R. Angel, MSC 
Associate:    E. S. Copeland, Ph.D»; A. Einheber, Ph.D.; 

CRT R. J. Jandacek, MSC; R. T. Lofberg, Ph.D.; 
E. C. Richardson, M.S.; LTC H. M. Swartz, MC; 
R. E. Wren, B.S. 

Description. 

The overall objectives of this work unit are (1) to determine the 
mechanism of radioprotective action of aminothiols through performance 
of studies utilizing a broad variety of methods; (2) to study absorption, 
fate, excretion, and duration of effect of selected compounds with a view 
toward their possible future use in humans; (3) to measure the effects of 
treatment with these drugs, either alone or in combination with radiation, 
on animal response to other types of trauma; and (4) to utilize the avail- 
able drugs of this class to explore the basic mechanisms by which ionizing 
radiation damages biological systems. 

1. Animal studies. 

As previously reported (WRAIR Annual Report 1968-69), WR 2823B at a 
level of 50 mg/kg body weight protects mice against Noble-Col lip Drum 
Trauma (NCDT) when given intraperitoneally, 15 minutes prior to the 
trauma.    Since WR 2823B is a chemical compound that forms equilibrium 
mixtures of disulfide and thiol functional groupings, a study involving 
700 mice was instituted to determine whether different lots of this com- 
pound differed in protective efficacy and to determine what relative pro- 
portion of disulfide thiol complex was related to the protective effect 
against shock.    Three different lots, B (laboratory use), AB (formulated 
for human testing), and AC (preformulation material) were tested in the 
mouse model system.   All three were high in reducing mortality and no 
statistical significance could be demonstrated between the lots examined. 

2. Structure-function studies In bacteria. 

In previous WRAIR Annual Reports studies were reported which estab- 
lished a close relationship between radioprotection and the free radical 
production of Ionizing radiation.   These studies have been designed to 
examine in detail the relationship between chemical structure and radio- 
protective activity.    A number of compounds have been synthesized and 
are currently used in these studies. 
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These studies were extended to the 3, 4, 5 and 6 carbon analogs of 
MEA and preliminary data on the effect of these compounds on both bio- 
logical and free radical parameters determined. These data, while most 
interesting and of considerable potential Importance in the understanding 
of radiation protection and the development of a clinically effective 
radioprotector, is of a preliminary nature. Because of the termination 
of this project confirmatory experiments cannot be accomplished at the 
WRAIR and considerable caution should be exercised in the interpretation 
of these data. 

Each compound was prepared in lots of 40-50 grams and rigorously 
purified. The physical constants of the C4 did not agree with literature 
values but its identity was confirmed by elemental analysis, functional 
analysis and NMR studies. It is probable that the single literature 
value is in error and this compound may not have been adequately prepared 
previously. 

Excellent protection, irrespective of carbon chain length from 2-6 
was found in bacteria Irradiated at 10C in either oxygen or nitrogen. 
Protection decreased monotonically with chain length when the irradiations 
were carried out at -1960C in oxygen or nitrogen but the C6 analogs still 
offered considerable protection. In nitrogen equilibrated samples the 
ESR results Indicated that the longer the chain, the less effective the 
compounds were in reducing the number of radicals on bacteria. In oxygen, 
an additional effect was found. In which the longer chain analogs showed 
an increased amount of energy stabilization on the compounds. 

These results indicate that the mode of protection by these compounds 
at -1960C Is probably via elimination of radiation-induced direct effects 
without necessarily transferring the energy to the compounds. Energy 
transfer did not enhance protection. At 10C a second mechanism of pro- 
tection appeared to predominate and this mechanism was Independent of the 
distance between the nitrogen and sulfur atoms. 

X-ray crystallography studies of these compounds Indicated that the 
relationship between the N and S atoms in the 2 and 3 carbon analogs was 
quite different, with considerable interaction between them in the 2 car- 
bon but little or none in the 3 carbon compound. It is not clear If 
these conformational differences extend to physiological conditions. 

Summary and Conclusions. 

Different lots of the shock drug WR 2823 were examined In the mouse 
model system for their relative protective efficacy in reducing mortality 
due to drum trauma. In the three lots of compound compared, no signifi- 
cant difference between lots were found. 

The studies with the 2-6 carbon analogs of MEA suggest that the 
efficacy of the aminothiols does not halt abruptly at 3 carbons and an 
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important group of clinically protective agents may have been overlooked. 
The mechanism of radioprotection of these compounds does not appear to be 
energy transfer but rather a catalytic type of effect resulting in a de- 
crease in the number of radiation-induced radicals left on target mole- 
cules. 
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Task 00, Ionizing Radiation Injury, Prevention and Treatment 

Work Unit 056, Protective effect of aminothiols against ionizing and 
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activities, such as protective immunity, diagnostic specificity, cross reactions with 
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experiments with P. berghei in rats animals treated with antilymphocyte globulin and 
normal serum had notably higher parasitemias and mortality rates than those treated 
with antilymphocyte globulin and P. berghei antiserum. For technical report see 
Walter Reed Army Institute of Research Annual Progress Report, 1 Jul 69 - 30 J^ 70. 

twmtUbtt 10 cowlf cloct u 

DD.'JirJASB PNCVIOUI  COITIONS  OF   THIS  FORM  ARK  OBSOLCTC     OD  FORM*  l40tA.   1   NOV  «I 
AND  I4»i-l .   I   MA«  «»   :FOR   ARMY   USKI  ARC  OBSOLCTC 

1315 

■Mi d 



r 

Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 106, Antigenic fractionation, aerology of malaria 

Investigators. 
Principal: Elvio H. Sadun, Sc.D., Lib. Doc. 
Associate: W. H. Hildreth, MAJ S. H. Lourie, MC; SP5 R. B. Tomlinson 

Some aspects of the relative role of antibodies and cell mediated 
response can be uncovered by using antilymphocyte globulin and malarial 
antiserum. In experiments with P. berghei in rats, animals treated with 
antilymphocyte globulin and normal serum had notably higher parasitemias 
and mortality rates than those treated with antilymphocyte globulin and 
P. berghei antiserum. 
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25.    (u) Unrecognized malaria infections  in returnees whose clinical symptoms and 
parasitemias have been suppressed by prophylactic drugs em ever increasing military 
medical problem.    Present efforts directed to development of Serologie methods for 
detection of these occult infections and for differential diagnosis.     Improvement of 
specificity and sensitivity of tests by physicochemical fractionation of antigens. 
Isolation, characterization and in vivo response to lytic factor obtained from malaria 
parasites, and its possible role in clinical malaria. 

2k.    (u) CF technics are used to determine the efficacy of antigen fractionation proce- 
dures and evaluate sensitivity and specificity of purified products.    Osmotic fragility 
of erythrocytes, hematocrits, febrile reactions and C-prime levels used as criteria for 
appraising in vivo response to plasmodial lytic factor.    Technical problems include 
limited availability of parasite material and separation of parasites  from erythrocytes. 

25.     (u) 69 07 - 70 06.    Methods developed for effective separation of malaria parasites 
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excellent sensitivity and specificity in CF tests.    Now have capability for differential 
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corporated in another work unit.    For technical report see Walter Reed Army Institute of 
Research Annual Progress Report,  1 Jul 69 - 5° Jun 70. 
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Project 5A663715D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 107, Serodiagnostic tests for human malaria 

Investigators. 
Principal: Earl H. Fife, Jr., M.S. 
Associate: Albert E. vonDoenhoff, B.S. 

Description. 

This work unit is concerned with the isolation and characterization 
of plasmodial antigens, studies on the antigenic structure of various 
plasmodia, investigations of serologic patterns developed during the 
course of infection, and elucidation of immune mechanisms associated 
with this disease.  In vitro as well as in vivo methods are employed. 
In vitro methods are used in (l) development of procedures for sep- 
arating malaria parasites from host blood components; (2) isolation, 
purification and identification of plasmodial antigens by physico- 
chemical and serologic methods; and (5) development, improvement and 
evaluation of serologic procedures for detection of antibodies and for 
following antibody patterns in infected hosts. In vivo studies include 
(l) the role of antigen and antibody in certain immunopat ho logic con- 
ditions associated with malaria infection; (2) production of specific 
antibodies to characterize experimental antigen fractions and to in- 
vestigate the antigenic relationships of various species of Plasmodium; 
and (5) investigations on the immunogenicity of the purified antigen 
fractions. 

Progress. 

The basic objectives of this work unit have been accomplished. 
Therefore,   it is recommended that   the work unit be terminated and any 
future  studies along these  lines  incorporated  in Work Unit  172 titled 
"Sero-recognition of microbial infections".     The present  final report 
briefly summarizes  the principal findings and contributions made 
during the course of these studies.    These findings were reported in 
detail in previous reports on this work unit. 

1.     Isolation and fractionation of serologically active malaria 
antigens.    For years  investigators were unable to effectively separate 
malaria parasites from host erythrocyte components,  and antigens pre- 
pared from parasite harvests containing red cell stromata showed a high 
incidence of nonspecific reactivity,   low specific reactivity,  and often 
were anticoraplementary.    These problems ultimately were resolved by 
investigators in the Department of Serology (l), who observed that the 
red cell membranes could be preferentially fragmented without damage to 
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the parasites, by passing the parasitized blood through a French 
pressure cell under carefully controlled pressure. The red cell frag- 
ments were exceedingly small and could be removed by washing the para- 
site harvest with saline. 

Complement fixing antigens were prepared by solubilizing the 
parasites by passage through the French pressure cell at high pressure, 
and isolating the major antigen fraction by filtration through a Sephadex 
G-200 gel column. Antigens prepared in this manner showed excellent sen- 
sitivity and specificity and had no detectable traces of red cell con- 
taminants.  Moreover, the antigens proved to be species specific, show- 
ed little or no heterologous cross reactivity, and provided a reliable 
basis for differential serodiagnosis of human malaria. During the 
course of these studies the capability was developed for the sero- 
diagnosis of vivax, falciparum and quartan malaria. 

2. Serodiagnostic tests for malaria. The purified plasmodial 
antigen fractions were evaluated in CF tests adapted to the Microtiter 
system.  The latter innovation significantly reduced the quantities of 
reagents required to perform the tests and facilitated testing large 
numbers of sera. Evaluation of a large group of sera from Montagnard 
tribesmen residing in an area hyperendemic for malaria revealed that 
the CF test provided a more accurate index of the malaria experience in 
semi-immunes than did examination of a single thick or thin blood film. 
The latter often were negative in individuals giving high CF titers with 
one or more of the plasmodial antigens. Moreover, the CF test results 
strongly suggested that many had intercurrent vivax and falciparum in- 
fections that were not demonstrable in the blood film examinations. 
Extensive experience with sera from individuals known to be free from 
malaria indicates that it is highly unlikely that reactions of the 
magnitude exhibited by the Montagnards could be simply nonspecific in 
nature. 

3. Preservation and storage of malaria parasites and antigens. In 
the early phase of these investigations, storage of parasite harvests 
and antigens presented a difficult problem. Neither could be lyophilized, 
and a gradual loss of antigenic activity was observed in products stored 
at -60oC.  These problems ultimately were overcome by incorporating 2alo 
polyvinyl pyrollidone (PVP) in the preparations. Parasite harvests pre- 
served with 2alo  PVP and held at -60oC, showed no evidence of deterioration 
after storage for more than 2 years; CF antigens prepared from these 
stored parasites were comparable to those obtained from freshly harvest- 
ed organisms.  Similarly, antigen fractions that were stabilized with 
2"^ PVP and lyophilized, showed no change in Serologie properties after 
storage at 30C for more than 2 years.  The excellent stability and 
long storage life of these products assure ready availability of free 
parasites for antigen production, and make it feasible to prepare and 
store large volumes of antigen that would be required for mass-testing. 
At the present time, reasonable supplies of P. falciparum antigen and 
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P. kjiowlesi antigen (the latter for detection of vivax malaria) are en 
«i   hand. Initial supplies of P. malariae antigen hrve been depleted. 

However, it is proposed to prepare additional atrounts of this antigen 
if a critical evaluation is undertaken. 

k.    Isolation and characterization of a lytic component of 
P. k^owle^i. During investigations on the fractionation of malaria 
antigens on Sephadex G-200 gel columns, it was observed that certain 
low molecular weight components from the column possessed lytic proper- 
ties. In view of the possible role of this lytic factor (LF) in the 
host-parasite relationships and pathology in malaria infections, efforts 
were made to characterize the factor and investigate its functional 
activity. In vitro studies on the kinetics of LF-induced hemolysis 
revealed that the temperature and time of incubation as well as the con- 
centration of LF all influenced the hemolytic activity of the factor. 
However, regardless of the temperature or LF concentration, little or 
no hemolysis occurred during the first k  hours of incubation. On the 
other hand, hemolysis progressed in a linear fashion after the initial 
lag phase, and spontaneously terminated after incubation for 21 hours, 
e"ven though some intact cells remained in the reaction mixture. The 
pre-lytic lag phase suggested that a "preconditioning" action of some 

i        nature must occur before lysis could take place. 

The spontaneous termination of lysis after incubation for 21 hours 
was shown not to be due to depletion of the lytic factor; further treat- 
ment of the remaining cells .with fresh LF failed to induce further 
lysis. However, kinetic studies on a mixture of old cells labeled with 
Fe^-3 and young cells tagged with Fe59 revealed that the majority of 
unlysed cells remaining after incubation for 21 hours with LF bore the 
Fe-'" labol. Thus, it appeared that the young cells were more resistant 
to LF induced lysis and that hemolysis spontaneously terminated when 
the population of older cells was depleted. 

Physicochemical analyses of the LF revealed the following character- 
istics. The factor is a relatively small molecule and appears to have 
a molecular weight of less than 5000. Quantitative chemical analyses 
for protein (Lowry test) indicated the presence of a small amount of 
protein. However, in view of the low molecular weight of the LF, it was 
believed that these reactions were due to amino acids and/or small pep- 
tides rather than protein per se. Trace amounts of carbohydrate also 
were detected. The principal component of the LF appeared to be lipid 
in character, with a high cholesterol content. Thin layer chromato- 
graphy revealed a variety of lipids belonging to the following classes: 
phospholipids, free fatty acids, cholesterol, cholesterol estere, and 
triglycerides. 

In vivo studies also were conducted to determine whether certain 
clinical features of malaria could be induced by injecting the LF into 
experimental animals. In ancillary studies in this Department (2), it 
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was observed that the nonparasitized as well as parasitized erythrocytes 
showed  increased osmotic fragility in P.   knowlesi infections.    More- 
over,   the osmotic fragility progressively increased with each cycling 
of the parasite in the acute stages of the  infection.     It was of 
interest,  therefore, to determine whether this phenomenon could be 
artificially produced by injecting LF into experimental animals.    Ham- 
sters  receiving single or multiple i.v.  injections of LF were used in 
these  studies.    Contrary to expectations,   the osmotic fragility of the 
erythrocytes decreased rather than increased for a period following in- 
jection of the LF.    The cells collected one-half hour after injection 
were considerably more resistant to hypotonic lysis  than the controls. 
Resistance progressively increased through hour 2 and remained at a 
relatively high level through the  fourth hour.    However,   there was a 
significant decrease in resistance after the fourth hour,  and cells 
collected 5 hours after injection were more fragile than the controls. 
Erythrocytes from hamsters receiving 5 injections of Li7 over a kQ hour 
period and exsanguinated k hours after the  last  injection,  showed osmotic 
fragility values comparable to those of animals receiving a single dose 
of LF and exsanguinated k hours  later.    However,  the hematocrit values 
of the animals receiving the multiple injections of LF were considerably 
lower than those of the other groups.    These observations  suggested 
that considerable  in vivo hemolysis had occurred and indicated that the 
anemia associated with acute malaria could be simulated by multiple 
injections of LF. 

It was also observed that  i.v.  injection of LF  induced a febrile 
response  in the recipient hamsters.    Since recurrent fever is a 
characteristic of malaria in a nonimmi   e host,  the pyrogenic properties 
of  the LF were investigated.    A group o.   hamsters was given 3 injections 
of LF at 2k hour intervals,  and the rectal temperatures were recorded at 
specified intervals after each injection.    Following each  injection,  the 
temperature progressively rose during the  succeeding k hours, but always 
returned to normal before the subsequent  injection was administered 2h 
hours  later.    It was further noted that the degree of febrile response 
increased with each injection;  the maximum temperature observed after a 
given  injection was always  significantly greater than that attained with 
the previous  injection. 

Results of the foregoing jjn vivo experiments  suggest  that the  lytic 
factor isolated from malaria parasites may in part  contribute to cer- 
tain clinical features  of malaria.     The ability of the LF to increase 
the osmotic fragility and ultimately lysc red cells  indicates that  the 
factor may play a role  in the anemia associated with acute malaria  in- 
fections.     The findings further suggest that the LF  could be responsible 
for the  febrile reaction associated with the cycling of the parasites. 

Summary and Recommendations. 

Methods have been developed for effective  separation of malaria 
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parasites from host  red cell elements and purified antigen fractions 
from these parasite harvests have exhibited excellent sensitivity and 
specificity in complement  fixation tests.    Antigen prepared by these 
methods are  species  specific and appear to provide a capability for 
the differential serodiagnosis of falciparum,  vivax and malariae 
malaria.    Moreover,  tests  on semi-immunes residing  in malaria endemic 
areas revealed that the  serologic tests were  superior to the examination 
of a single  thick or thin blood film for appraising the malaria ex- 
perience of such individuals.    The ability of the CF tests to  identify 
infected service men in whom clinical malaria has been suppressed by 
prophylaxis or those   likely to show recrudescent malaria has not been 
established.     In addition,   the persistence of antibodies following 
radical cure is not known. 

Coincidental with the fractionation of specific complement fixing 
antigens from the erythrocyte-free malaria parasites,  it was observed 
that a low molecular weight component of the parasites posessed hemo- 
lytic properties.     In vivo studies revealed that  i.v.   injection of the 
lytic factor induced certain clinical manifestations characteristic of 
malaria in non-immunes;   the  factor increased the osmotic fragility of 
the erythrocytes and produced a febrile response. 

With the development  of specific complement  fixation tests for 
human malaria,  the basic objectives of this work unit have been 
accomplished.    It  is believed that further research and development 
along these lines  is unwarranted.    Rather,  it  is recommended that con- 
tinued studies be directed to critical evaluation of the procedures 
already developed,  appraising their efficacy for detecting individuals 
with occult  infection,  and determining the persistence of antibodies 
following radical cure.     It  is further recommended that the present 
work unit be terminated and that future evaluations of the procedure be 
included with another work unit (Sero-recognition of microbial infections) 
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23. (U) Basic biochemical activities of malarial parasites will be studied to provide 
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antlmalarlal drugs will be synthesized where not available for biochemical studies. 

24. (U)  Flasmodium berghel will be used as a test organism to evaluate  intermediary 
metabolism of the malarial parasite and responses to antlmalarlal agents.    Special syn- 
thesis of additional antlmalarlal compounds will be done. 

25. (U)  69 06 - 70 06 002 fixation enzymes have been implicated as an allosteric 
enzyme.    Phospheaol pyruvate (PEP)  carboxylase and PEP carboxykinase have been sepa- 
rated and purified.     The most stable enzyme appears  to be the phosphenol pyruvate 
enzyme.    Mechanism of  inhibition of  the C02  fixation by selected antimalarials  In  the 
presence of purified enzymes.    Studies on the subcellular location of  chloroquine- 
binding sites in chloroquine-sensitive P.  berghel showed the site of highest affinity 
to be located within the parasite membrane or in some other Insoluble cellular com- 
ponent.    A lower affinity site was found to be in the soluble contents of the parasite. 
Activities within this work unit are consolidated and entitled.  Biochemical Effects and 
Mechanisms of Action of Chemotherapeutic Agents.    For  technical reports see Walter Reed 
Army Institute of Research Annual Progress Report,   1 Jul 69 - 30 Jun 70. 

^»•ii*»jy*»©j«a*c*Ajy(2^rt|jM*^y^T»w^ 

DD™SJ498 FttKVIOUl  KDITIONS OF  THIS FORM  ARE  OBtOLCTC. 
AND  I 4M-I.   I  MAR «t  (FOR   ARMY   USCI  ARK  OSIOLKl 

OD FORMS UMA.   t   NOV •• 

1325 

■  mi ■MM^^MB ■MMMMMUMMMM Mtfdi 



mmmmt 

ÜfSr     '    ^-^f""-.-i' 

i 

■ ■ 11- 

r ««nil.,.1...,-.-  ...,"-...,..„jiiiyi ff.1! '"'ijiQi» 

-—-——t... I      MMMMMMa^iMg ■^MMMMMMMMMaaSHM 



Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 108, Study of malaria and antimalaria therapy 

Investigators. 
Principal: LTC Charles R. Angel, MSC 
Associate: CPT P. A. Kramer, MSC; LTC T. K. Li, MC; 

J. E. Matusik, B.S.; P. M. L. Siu, Ph.D. 

Description. 

The objectives of this work unit are to examine biochemical varia- 
tions in enzymic constituents of the malarial parasite and the inter- 
action of specific antimalarial compounds on the parasite and the host. 
Activities within the work unit are subdivided into parasite studies 
and the effect of antimalarial agents on the metabolism of the host. 

Progress. 

1.    Parasite studies. 

Definition of the metabolism of the malarial parasite and the loca- 
tion of binding sites that lead to the explanation of antimalarial drug 
action are important efforts.    Plasmodium berghei is used as the model 
test system for the study of carbon dioxide fixation and the location of 
chloroquine binding sites. 

a.    Carbon dioxide fixation in Plasmodia. mechanism of action and 
control.    Phosphoenolpyruvate carboxylase and phosphoenolpyruvate car- 
boxy kinase activities have been reported earlier in Plasmodia.    The 
carboxylase activity has been partially purified devoid of carboxykinase 
activity.    The metal requirements of the reaction was studied.    We have 
shown that oxaloacetate is formed in the presence of either Mg++, Mn++ 

or Co++.    Other metal ions such as iron, copper, mercury, nickel, 
selenium, chromium, zinc and vanadium are ineffective.    It was found, 
however, that ferrous, ferric, cupric and mercuric ions inhibited the 
formation of oxaloacetate by CO2 fixation.   The ferrous and ferric ions 
inhibited noncompetitively with Mg++ for the carboxylase.    The Kj values 
were calculated for ferrous and ferric ions and shown to be 1.45 x 10"3 M 
and 1.41 x 10-3 M, respectively. 

The substrate affinity constants were determined for the carboxy- 
lase reaction.    Normal enzyme kineteics were observed for phosphoenol- 
pyruvate, and Mg++ in the presence of the carboxylase.    We have found 
earlier, however, with an enzyme preparation possessing carboxykinase 
activity, that abnormal enzyme kinetics were observed with Mg++.    It 
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is not yet known whether these two activities are carried out by the 
same or different proteins. This aspect is under investigation in our 
laboratory. It would be interesting, for instance, if both the car- 
boxylase and the carboxykinase activities were carried out by the same 
protein. If this were true, then it is conceivable that the enzyme in 
one form catalyzes the carboxylase reaction and in another form would 
catalyze the carboxykinase reaction. The apparent K^, value for PEP was 
calculated to be 1.05 x lO"3 M; for MQ++, 3.0 x 10-3 M; for Mn , 
1.0 x lO"4 M; and for Co++, 2.6 x 10-2* M. The relative affinities of 
the metal ions for the carboxylase are in the order of Mn++ > Co++ > Mg 

The effects of small molecules on the carboxylase reaction were 
studied. Unlike the bacterial carboxylase, the plasmodial enzyme was 
not affected by the addition of acetylCoA, fructose diphosphate and 
cyclic S'^'-AMP. Avidin also had no effect on the formation of oxalo- 
acetate in concentrations of 30 ug and 60 ug per ml of reaction mixture. 
A rapid loss of enzymic activity occurred, however, in the presence of 
added urea. 

Evidence was obtained for the structural modifications of phospho- 
enolpyruvate carboxylase from Plasmodia. The partially purified car- 
boxylase applied to a cellulose phosphate column in the absence of 
added Mg++, was washed with a gradient of 0.05 M - 0.8 M phosphate 
buffer containing 0.5 M glucose, and 0.001 M EDTA. There was only one 
peak of enzymic activity and the total recovery was 62%. On the other 
hand, when the same partially purified carboxylase, stored at -12° for 
7 days was chromatographed in a similar manner, but in the presence of 
0.001 M MgC^, two enzymic activity peaks appeared. The total recovery 
when assayed immediately was 48%. After these fractions were stored at 
-12° overnight, only one enzymic peak emerged when assayed and the total 
recovery increased to 92%. The eluates without added Mg  were also 
assayed the next day and found to possess the same activity. These 
results with those of urea strongly suggest that the phosphoenolpyruvate 
carboxylase from Plasmodium berg he i is composed of subunits and is an 
allosteric enzyme. 

b. Subcellular location of chloroquine in chloroquine sensitive 
Plasmodium berghei"  Fhis investigation centered on the determination of 
the subcellular location of chloroquine binding sites within the para- 
sitized cells. A protocol was established for the differential frac- 
tionation of the host cell and parasite, and a system devised for produc- 
ing relatively "clean" membrane-wrapped parasites—preparations free of 
white blood cells, platelets and the majority of erythrocytic ghost. 

The effects of this differential lysis on the equilibrium distribu- 
tion of chloroquine between cells and an external aqueous medium in vitro 
were then determined in an attempt to determine which fractions displayed 
binding activity at various concentrations of the drug. Numerous 
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unsuccessful attempts were made to solubilize a high affinity binder 
from the parasite membranes. 

Mouse erythrocytes parasitized with CS P^ berg he i were examined 
while in equilibrium with concentrations of chloroquine sufficient 
to titrate either the binding site at KA = 10^ M-'  (high affinity) or 
K^ = 10^ M-1 (middle affinity).    When tne high affinity site was satu- 
rated with the drug and the red blood cell contents lysed away with 
saponin, the chloroquine remained in the parasites.    In fact, the 
membrane-wrapped parasites themselves were capable of concentrating the 
drug to the same extent as intact parasitized cells, illustrating the 
lack of need for red blood cell components in high affinity binding. 
When the parasites obtained above by saponin lysis of the cell were 
themselves lysed in distilled water, the majority of the chloroquine 
remained with the parasite membranes.   Furthermore, studies of this 
effect at various concentrations of drug revealed that the affinity 
constant of the parasite membranes for chloroquine was identical to 
that of the intact cells, only the maximal binding capacity of the 
membranes was altered by lysis. 

The membranous binding site was also shown not to be DNA and to be 
deficient, as expected, in chloroquine resistant strains. 

The middle affinity site behaved quite differently.    It was re- 
leased to quite a large extent (> 50%) by saponin lysis of the RBC and 
was almost completely removed by saponin and water lyses combined. 
Hence this site appears to be located in the cytoplasmic or nuclear 
portion of the parasites. 

2.    Effect of malaria chemotheropeutic agents upon alcohol metabolism 
and alcohol dehydrogenase. 

Clinical impressions that alcohol ingestion by individuals taking 
CP tablets results in untoward side effects suggests that this is an 
area worthy of both basic and clinical investigation.    In particular, 
it would be important to examine specifically whether or not compounds 
such as chloroquine, primaquine, dapsone and others are inhibitory to 
liver alcohol dehydrogenase and to characterize the nature of such 
interactions. 

a. Interaction of chloroquine, primaquine and other aminoquinoline 
congeners with horse liver alcohol dehydrogenase. Crystalline horse 
liver alcohol dehydrogenase was chosen as the model enzyme system for 
study because it is available commercially in a highly purified form 
and it is very similar to the human liver enzyme in its physical and 
catalytic properties. At pH 8.5, alcohol dehydrogenase activity was 
inhibited more than 952> by 7 x 10"b M primaquine, whereas the same 
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concentration of chloroquine did not inhibit at all.    Fifty percent 
inhibition by primaquine occurs at 2 x 10"° M, giving an apparent 
inhibition constant of 2 x 10"6 M.    The inhibition is immediate and 
reversible by dilution, and is not increased by prior incubation of 
the enzyme with primaquine.    Detailed kinetic studies confirmed that 
primaquine is a good inhibitor (Kj = 1.7 x 10'° M) and showed, in 
addition, that it is non-competitive with respect to both the coenzyme, 
NAD, and the substrate, ethanol. 

It was also found that upon binding to alcohol dehydrogenase, the 
absorption maximum of primaquine at 260 mu undergoes a shift of 13 mu 
towards the long wavelength region.    This spectral shift is analogous 
to the change observed when primaquine is placed into a nonpolar solvent, 
e.g., dioxane, indicating that primaquine binds to hydrophobic regions 
of the enzyme molecule.    Moreover, the spectral  shift allowed the measure- 
ment of the stoichiometry of the interaction of primaquine with alcohol 
dehydrogenase, as well as the dissociation constant, Kn.    By means of 
4-cell difference spectrophotometry, it was found by titration that 1 
molecule of primaquine binds to each of the two active enzymatic 
centers of the enzyme and that Kn = 2 x 10"6 M, in good agreement with 
the kinetic data. 

A series of 8-amino-6-methoxyquinoline analogs were then examined, 
to determine which portions of the primaquine molecule were important 
to the interaction of primaquine with alcohol dehydrogenase, and hence 
inhibition.    The data indicated that substitution on the 8-amino group 
by an aliphatic side chain was critical, as was also the terminal pri- 
mary amino function.    Significantly, chloroquine and desethychloroquine 
did not inhibit at all, even up to a concentration of 1 x 10"^ M, nor 
did dapsone. 

Similar studies on purified enzyme from human livers are underway. 

b.    Inhibition of ethanol metabolism in man following the ingestion 
of a single CP tablet.    Since the alcohol dehydrogenase reaction is rate- 
limiting in the metabolism of alcohol and primaquine is a potent, non- 
competitive inhibitor of the enzyme, the physiologic significance of the 
interaction of primaquine with alcohol dehydrogenase might be manifest 
in vivo.    This can be accomplished by measuring the disappearance rate 
of alcohol  from serum, following a loading dose of ethanol.    A pilot 
study with 7 volunteers has thus far been conducted.    Subjects in a 
fasting condition were given 40-70 ml of alcohol orally, and their serum 
alcohol concentrations were measured q.1/2 hour by means of gas chromato- 
graphy.    Four hours before testing, the subjects were given either a 
placebo or a CP tablet.    Each subject served as his own control.    In 
4 of the 7 subjects, a significant decrease in the rate of alcohol 
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removal was observed following the Ingestion of the CP tablet, indicat- 
ing a retardation of alcohol metabolism after Ingestion of the CP tablet. 
These studies provide a rational basis for the clinical Impression that 
the CP tablet adversely affects the alcohol tolerance of its users. 
Presently, a larger-scale study is in progress to determine the duration 
of action of a single CP tablet and the effect of repeated weekly doses 
of the CP tablet upon alcohol metabolism. 

Summary 

Studies on carbon dioxide fixation in Plasmodla show the following: 

a. Phosphoenolpyruvate carboxylase from Plasmodium berghei under- 
goes structural changes when stored in the presence of magnesium Ion. 

b. The carboxylase from Plasmodla In contrast to bacterial car- 
boxylase was unaffected by acetylCoA, fructose diphosphate or cyclic 
S'.B'-AMP.   Rapid loss of enzymic activity occurs in the presence of 
urea. 

c. Iron, copper and mercury inhibit carboxylase. Km values were 
determined for the enzyme 1n presence of magnesium, cobalt and manganese. 

Binding sites for chloroquine are divided Into high affinity and 
middle affinity sites.    The high affinity site appears associated with 
parasite membrane and Is not DNA.   The middle affinity site is asso- 
ciated with cytoplasm and nucleus of the parasite.    Primaquine is a 
potent inhibitor of alcohol dehydrogenase in horse liver preparations. 
A pilot study In man showed that Ingestion of the CP tablet may result 
In the retardation of ethanol metabolism. 
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23. (U)  To define the variables which influence the prevalence of chloroquine- 
resistant falciparum malaria in a human population in Southeast Asia thus adding to 
our basic knowledge of drug-resistant malaria and providing a setting whereby new 
antimalarials may be tested efficiently. 

24. (U)   Study sites are identified in Thailand where malaria transmission occurs 
throughout the year.   The prevalence of drug-resistant falciparum malaria is estimated 
using in vitro technique.   Variables such as rainfall, temperature, vector density and 
human immunity are measured. 

25. (U)   69 07 - 70 06  We have substantiated that falciparum malaria remains 
hyperendemic in certain comparatively inaccessible areas in Thailand.   Logistical 
and administrative arrangements have been made through the Royal Thai Government 
whereby the diseases may be studied in these areas.   The in vitro technique as the 
measure of chloroquine resistance is under study in a field unit presently.   For technical 
reports see SEATO Annual Progress Report, 1 Apr - 31 Mar 70. 
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Project 3A663713D829 MILITARY MEDICAL RESEARCH PROGRAM S.E.ASIA 

Task 00, Malaria Investigations 

Work Unit 112, Field studies on drug resistant malaria 

Investigators. 
Principal:   Carter L. Diggs, LTC, MC 
Associate: Prajim Boonyakmist; Tan Chongsuphajaisiddhi, M. D., 

Ph.D.;   Nipon Chuanak; Kanjika Devakul, M.D., Ph.D.; 
Carter L. Digrjs, LTC, MC; Robert Gentzel, SSG; 
Douglas J. Gould, Ph.D.; Bruce A. Harrison, CPT, MSC; 
Y. M. Huang, Ph.D.*; Ratanaporn Kasemsuthi, B.Sc; 
Kol Mongkolpanya; Vanchai Numsuwankijkul, B.Sc; 
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* Southeast Asia Mosquito Project, Smithsonian Institution, Washington, 
D.C. 
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Serologie Studies in Human Malaria 
\ 1 

Principal Investigator: Carter L. Diggs, LTC, MC 

Associate Investigators: Robert Gentzel, SSG 
Robert Weidhorn, SFC 
Prasit Sookto 
Chirapan Vinagupta 

OBTECTIVE    The original objective of this study was to compare the 
serologic response after (a) adequate treatment of the initial attack 
(U.S. troops) and (b) multiple episodes of malaria (sera from endemic 
areas). 

DESCRIPTION   Since antigen usable without further purification was 
not obtainable, lysates of washed P. falciparum chimpanzee erythrocytes 
were ootained from WRAIR and attempts were made to isolate antigenic 
fractions to be employed with the soluble   r-rigen fluorescent antibody 
(SAFA) test (Sadun et al).   Limited trials «u isolation by DEAE Sephadex 
chromatography (Sadun et al) and more extensive efforts by G-200 
Sephadex Chromatography (Gore, personal communication) were made. 
Fractions were monitored by absorption at 280 nyu.   Serologic testing 
was by the SAFA test using sera from patients with proven malaria. 

PROGRESS  In our hands, fractionation of lysate on DEAE Sephadex 
resulted in poor yields of protein; therefore, we turned to G-200 
Sephadex,   A total of four runs were made.   The lysate was eluted in two 
major peaks as determined by absorbence at 280 mp; the first, eluted 
with the excluded volume, was colorless and opalescent, the second 
contained the bulk of the hemoglobin.   Four eluate pools were prepared 
from material eluted prior to the second peak (hemoglobin): fraction 1 
was the entire first absorbence peak; fractions II and III (FII and Fill) 
were prepared from the eluate between the two absorbence peaks; frac- 
tion IV (FIV) was taken from the ascending portion of the hemoglobin 
peak.   SAFA test^ employing these fractions showed no difference 
between normal   .id malaria sera in three of four Chromatographie runs 
(#1, 3 and 4); in the second run FI and Fill c.ave some evidence of anti- 
genic activity; FI yielded higher fluorescence in 5 of 8 tests malaria 
seta than any of the 8 normal control sera; Fill gave a stronger reaction 
than the controls in 4 of the 8 eases.   However, results obtained OP 
retesting five and seven days later suggested some less of activity of 
the FI antigen.   Further tests will be required to clarify this point. 

Possible reasons for our failure to isolate active antigen consistently 
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are (a) the lack of facilities for preparative chromatography in the cold 
and (b) the relatively lengthy period of storage of the crude lysate be- 
fore use (more than 6 months). 

Despite arrangements made with several units, only a few serum samples 
from U.S. troops have been obtained. 

This project will be terminated on 1 July 70 due to departure of the 
principle investigator. 

SUMMARY   Attempts to isolate antigen for the malaria SAFA test have 
been only partially successful. 

Interaction of Plasmodium falciparum 
and Canvalescent Serum in vitro 

Principal Investigators: 

Assistant Investigators: 

Katchrinnei. "avanand, M.D. 
Carter L. D.^gs, LTC, MC 

Barnyen Permpanich, R.N. 
Vanchai Numsuwankijkul, B.Sc. 
Stanley W. Theune, MSG 
Robert Gentzel, SSG 
Nipon Chuanak 

OBIECTIW:    The studies of Cohen et al , and subsequently, other workers, 
demonstrate clearly an important role for antibody in immunity to 
Plasmodium falciparum infections.   Exploitation of these findings requires 
extensive study of numerous aspects of the protective effect including 
its mechanism and specificity.   Study of the problem in the intact experi- 
mental animal or patient poses many problems which could be circum- 
vented by the availability of an assay of the protective antibody in vitro. 
Recent development in Cohen's laboratory in London indicate that such 
an assay might be feasible for P. knowlesi.     His data suggest that 
inhibition of plasmodial development occurs through reaction of antibody 
with-the extracellular merozoites.   If this is the case, the development 
of an in vitro assay could be approached by achieving repenetration in 
vitro and then studying the inhibition of the phenomenon by patient serum. 
Implicit in these requirements is the ability to detect the repenetration 
event with certainty..   The present study was designed to (a) explore the 
possibility that in vitro erythrocyte penetration by P. falciparum can be 
detected by a marked recipient cell technique and (b) study, if feasible, 
the effect of serum from patients with a history of recurrent malaria on 
penetration in vitro. 
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DESCRIPTION    The system for detection of penetration in vitro involves 
the inclusion of fetal erythrocytes in the culture; these cells can later 
be distinguished from adult cells by differential elution of hemoglobin. 
The presence of a parasite within a fetal cell is taken as evidence of 
penetration in vitro. 

Washed erythrocytes from heparlnized cord blood and from patients with 
acute falciparum malaria were suspended in tissue culture medium 199 
modified by the addition of NaHCOg (1.7 mg/ml).   Penicillin G (400 
units/ml), and streptomycin (400/ig/ml) and equilibrated with 5% CO« 
in air. 3 Additional glucose was added in various amounts as described 
below.   The pH of the medium immediately after gassing was 6.7-6.9. 
Mixtures of the cell suspensions were prepared so that the final total ery- 
throcyte concentration was 1 x loVml with 1% of the cells parasitized. 
In most experiments, equal numbers of adult and fetal cells were 
employed; if necessary, erythrocytes from a normal adult donor were used 
to reduce the final parasitized cell concentration.   Compatible normal 
serum was included in each culture.   The culture mixtures were incubated 
without agitation at 370C in disposable plastic serological microtitration 
trays sealed with cellophane tape.   The trays were sterilized prior to 
use by ultraviolet irradiation.   After an appropriate interval, thin blood 
films were prepared and fixed with ethanol.    The hemoglobin of the adult 
erythijocytes was eluted with citrate buffer (pH 3.4 + 0.05); on treat- 
ment of the slides with eosin, only the fetal cells were stained .   The 
preparations were counterstained with Giemsa's stain for visualization of 
the parasites.   Sera were collected from patients with a history of re- 
current malaria.   All sera and all parasites were obtained in Cholburi 
Province.   Globulin fractions of sera were prepared by precipitation in 
1/3 saturated (NH4)2S04 in the cold; the redlssolved preparations were 
dialyzec   exhaustively against saline. 

PROGRESS   Experiments have been performed with 28 isolates of P. 
falciparum in 24 cases, progressive development with infection of fetal 
cells was observed.   Penetration was detected as early as 24 hours and 
was usually maximal at 48 hours.   However, since there was considerable 
variation in the rate of development, preliminary observations on control 
preparations were used to decide on the optimal time for harvest; on 
occasion this was as late as 60 hours after initiation of culture.   All 
intermediate stages of asexual development were observed in adult 
(donor) cells.   On one occasion parasites identified as immature gameto- 
cytes were seen after 24 hours of culture.   Parasiter- in fetal cells were 
usually small rings, although on a few occasions somewhat larger 
trophozoites were observed. 
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The percentage of fetal erythrocytes parasitized was variable but values 
as high as eight per cent were recorded.   Thin blood films prepared 
from adult erythrocytes alone and from fetal erythrocytes alone served 
as controls on the specificity of differential hemoglobin elution.   Adult 
cells were essentially devoid of hemoglobin after elution, whereas fetal 
cells showed uniform uptake of eosin.   Control slides of cell mixtures 
prepared prior to incubation at 370C showed no parasitized hemoglobin 
containing cells. 

Thirteen sera from patients with histories of repeated attacks of malaria 
were studied for an effect on penetration of fetal cell by P. falciparum in 
vitro.   In these experiments, the medium consisted of equal parts of 
modified 199 and the test serum. Supplemental glucose (100 mg% final 
concentration) was added to that already present in the culture medium. 
Eight replicate cultures were employed for each serum sample.   The 
mean percentage of fetal erythrocytes parasitized was determined for each 
serum and compared with the value for normal serum used in a control 
set of cultures.   Experiments   were performed on two P. falciparum 
isolates.   It is apparent that all of the test sera allowed less fetal cell 
penetration than the controls. 

Since it was recognized that inhibition of penetration could be caused by 
a variety of serum components (or deficiencies of serum components) 
efforts were made to adapt the system for testing of serum fractions. 
Experiments were performed to test the effect of varying proportions of 
serum, culture medium and normal globulin on fetal cell penetration. 
Again eight-fold replicate cultures were employed.   The supplemental 
glucose in the culture medium prior to admixture with serum and globulin 
was 200 mg%.   The results are summarized in Table II.   The data indicates 
that the globulin preparations cannot substitute for serum; however, when 
serum is present at a concentration of 0.25 ml per ml of mixture (25% 
serum) penetration is comparable in extent to that obtained with 50% serum. 
On this basis further experiments were conducted with 25% serum, 50% 
globulin, and 25% 199. 

The results of two experiments on the effect of varying amounts of added 
glucose are summarized in Table III.   With the exception of one mean 
value, both experiments indicate that approximately 200 mg% of added 
glucose is optimal.   Greater or lesser amounts seem to be inhibitory. 
The similarity in the extent of penetration obtained in the two experiments 
is probably fortuitous. 

Studies of the effect of globulin prepared from the serum of patients with 
a history of recurrent malaria are now in progress. 
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SUMMARY    (1)  An experimental system which allows detection of 
invasion of erythrocytes by P. falciparum In vitro has been devised. 
Human fetal erythrocytes are employed as the recipient cells.   The lower 
solubility of fetal hemoglobin in acid is exploited as a cell marker by 
which the fetal cells can be distinguished in artificial admixture with 
adult erythrocytes.   Parasites in the previously uninfected fetal cells 
serve as evidence of invasion in vitro. 

(2) Fewer fetal cells were penetrated in the presence of thirteen 
sera from patients with a history of recurrent malaria than in a normal 
control serum.   With one of these sera no fetal cell penetration was ob- 
served. 

(3) It has been shown feasible to perform these culture experiments 
in the presence of a globulin fraction of serum; experiments testing the 
effect of globulin from patients with a history of recurrent malaria are in 
progress. 

1338 

MMMHlMÜMMi 



mm **> 

Table 1. Inhibition of penetration of fetal erythrocytes by 
P. falciparutn in vitro by serum from patients with 
a history of recurrent malaria. 

Serum No. 
Mean percentage of fetal cells parasitzed 

Exp.  1 Exp. 2 

1 .20 3.5 

2 .86 5.6 

3 .53 4.0 

4 .60 3.6 

5 .40 - 

6 .27 - 

7 . 0 - 

8 .43 - 

9 .54 - 

10 - 4.9 

11 « 4.5 

12 - 3.35 

13 - 6.8 

Control 1.6 8.8 
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Table II.    Effect of varying proportions (by volume) of culture medium 
199, normal serum and normal serum globulin on the 
percentage of fetal erythrocytes parasitized in vitro. 

% Globulin % 199 % serum 

0 10 25 50 

0 

25 

50 

25 
50 

25 
50 

25 
50 

NS 
0 

0.1 
0 

0 
0 

NS* 
0 

0 
0 

0 
0 

0.3     0.2 
0     0.02 

0.1     0.2 
0     0.05 

0.1      0.2 

0.4     0.1 
0.5     0.03 
0.7     0.3 
0.4     0.6 

1.6      1.1 

1.0     0.3 
1.8     0.5 

1.6      1.2 

* NS-slides not satisfactory. 
Units are mean per cent fetal  erythrocytes parasitized.   The two 
/alues in each block are from two experiments with different 
P. falciparum isolates.   Values greater than 0.}% are rounded to the 
nearest 0.1%. 

Table III. 

Added glucose 
concentration 

final 
mg% 

Average % fetal erythrocytes parasitized 

Experiment No. 1 Experiment No. 2 

50 0.10 _ 

100 0.17 - 

150 0.32 • 

200 0.05 0.40 

250 0.38 - 

400 - 0.30 

600 - 0.15 

800 - 0.15 

1000 - 0.20 
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The Fate of Fibrlnogen in Malaria 

Principal Investigators: Tan Chongsuphajaisiddhi, M.D.^Ph.D. 
Ratanapom Kasemsuthi, B.Sc. 
Kanjika Devakul, M.D., Ph.D. 

Associate Investigators: Prapit Vevatanasesthf M.D. 

OBTECTIVE;    There is growing evidence that intravascular coagulation 
may be important in the pathogenesis of malaria.   The objective of the 
present study is an evaluation of fibrinogen disappearance in Pias medium 
coatnevi infected monkeys.   If evidence for intra vascular coagulation 
is found# efforts to study the phenomenon histologically will be made. 

DESCRIPTION:   Rhesus monkeys (Macaca mulatta) were used. 
Fibrinogen, prepared from the plasma of normal monkeys by the method 
of repeated salt fractionation by 2.05 M ammonium sulfate, was labelled 
with radioactive iodine (1-131) and injected intravenously into the 
monkeys to be studied.   Blood samples were taken at various Intervals 
for the determination of plasma radioactivity.   Further details of the 
procedure were presented in the SMRL Annual Report 1969.   Plasma 
volume and fibrinogen concentration were determined by standard methods. 
To obtain estimates of the amount of fibrinogen being degraded, fibrinogen 
turnover rates were calculated according to the expression V    Cr Ki 
where V- is the plasma volume, Cf the plasma fibrinogen concentration, 
and Ki the first order rate constant for 1-131 fibrinogen disappearance. 
Urine samples were also collected for radioactivity measurements. 

PROGRESS:    A control study of fibrinogen metabolism was done in six 
normal monkeys.   Plasma radioactivity, expressed   as the percentage 
of the initial value at zero time (by extrapolation) was shown to have 
a biological half life between 30-39 hours.   The cumulative radio- 
activity excreted in the urine (expressed as the percentage of the injected 
dose) in 6 days varied from 42% to 77% of the injected dose. 

In three monkeys (MS67, PK20 and PK28), infected with Plasmodium 
coatnevi, the study was performed at 13, 15 and 16 days after the 
Infection respectively.   The parasitemias were 0.7%, 0.8% and 0.8% 
and the hematocrits 23%, 29% and 20%.   Plasma radioactivity was 
shown to have a biological half life of 24, 32 and 34 hours; i.e., two 
of the three monkeys gave values v/ithin the normal range.   The plasma 
volumes, fibrinogen concentrations and fibrinogen turnover rates for 
the normal and Infected animals are given in Table 1.   Both plasma 
volume and plasma fibrinogen concentrations were higher in two of the 
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three infected animals.   Earlier studies (SMRL Annual Report 1968) 
also indicated expanded plasma volumes during chronic coatneyi 
malaria.   Thus it appears that on a weight basis, more fibrinogen 
was degraded in the infected animals than in the controls; this is 
expressed in the table in terms of fibrinogen turnover rates.   More 
data is required to determine whether or not these changes are 
representative of P. coatnevi infected monkeys In general. 

Urinary excretion of 1-131 in the infected monkeys was similar 
to that in the controls.   Thus, in six days, 72%, 54% and 58% 
of the injected dose was excreted by the three monkeys. 

SUMMARY;   Fibrinogen turnover rates were greater in three 
monkeys with P. coatnevi infections than in control animals.   These 
findings can be interpreted in terms of Increased fibrin formation in 
the infected monkeys.   Further study is needed to evaluate the 
generality of the observation. 

Table 1.   Fibrinogen turnover in normal and Plasmodium coatnevi 
infected monkeys. 

Monkey No. Weight Kg. Plasma volume Plasma fibrino- Fibrinogen 
ml/kg gen concentra- 

tion 
mg/ml 

turnover 
rate 
mg/kg/hr 

Normal 
MS 91 2.25 28.5 4.3 2.8 
MS 92 2.40 46.5 3.0 2.7 
MS 93 2.65 36.5 3.7 2.7 
MS 95 2.70 35.3 2.3 1.9 
PK 20 4.20 30.4 3.8 2.5 
PK 28 4.90 40.7 2.1 1.5 

Infected 
MS 6 7 6.83 44.5 3.5 4.2 
PK 20 3.95 80.1 4.5 7.9 
PK 2 8 4.90 57.7 11.4 13,4 
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Malaria and the Nervous System:    Cerebral Haemodynamics and 
Metabolism in Patients with Malaria and Central Nervous System Symptoms 

The Response of the Diseased Cerebrovascular System to 
5% Carbon Dioxide Inhalation and Hyperventilation 

Principal Investigator: Athasit Vejjajiva 
M.B., B.S. (Lond.), M.R.C.P. 

Associate Investigator: Vajri Promtatvethi 
M.B., S.S.  (Lond.), F.R.C.S., D.A. 

OBTECTIVE;    The objectives of this study are to investigate the 
physiologic factors which influence the cerebral blood flow and 
metabolism with emphasis on techniques for experimentally increas- 
ing blood flow; to evaluate the possibility of modifying those factors 
which are said to cause brain dysfunction in "C.N.S. malaria." 

DESCRIPTION:     See previous Annual Report. 

PROGRESS;     In our previous report, it was concluded that the 
administration of 5% carbon dioxide and acetazolamide in combination 
had an additive effect in increasing the cerebral blood flow in 
patients with occlusive cerebro-vascular disease.   In practically all 
those patients, there was predominant clinical and angiographic 
involvement of the carotid arterial system. 

During the period under report, sixteen patients with lesions in 
various parts of the central nervous system due to vascular and non- 
vascular disorders were studied.   These included one patient each 
with Parkinson's Disease, hepa to-cerebral degeneration, uremia, 
motor neuron disease, multiple sclerosis, malignant hypertension, 
two patients with Takayasu's arteritis, three patients with upper 
brain stem lesion.   Cerebral haemodynamics were determined before 
and after 5% carbon dioxide inhalation. 

It was found that in all except the two patients with upper brain stem 
lesions, carbon dioxide produced a significant increase in cerebral 
blood flow.   Those two patients and six others with decerebrate 
rigidity previously studied (see previous Annual Report), who failed 
to respond to carbon dioxide, seemed to substantiate the recent 
hypothesis based on animal study that the cpper brain stem played 
an important role in the regulation of cerebral blood flow. 
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Mosquito Fauna of Thailand 

Principal Investigators : 

Assistant Investigators : 

Bruce A. Harrison, CPT, MSC 
Y.M, Huang, Ph.D.* 
E.L. Peyton* 
Raropa Rattanarithikul 
John E. Scanlon, Ph.D. 
Sunthorn Sirivanakarn, Ph, D. * 

Prajiro Boonyakanist 
Kol Mongkolpanya 
Larp Panthusiri 

OBJECTIVE :   To collect, identify, catalogue and redescribe all 
of the mosquito species of Thailand.   Information is also assembled 
on the distributio'i, larval habitats, and other aspects of the 
bionomics of the 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 fields. 

DESCRIPTION :   Mosquitoes are collected from many areas of 
Thailand in connection with various studies on arboviruses and 
malaria.   Additional collections of a specialized nature are made 
to obtain correlated series of larvae, pupae and adults for 
illustration and taxonomic study.   These have consisted mainly 
of collections of mosquito larvae from all types of habitats; 
these larvae have been reared individually so as to recover a 
correlated series of cast skins and adults.   All of the reared 
material is later identified and processed at SMRL in Bangkok, 
The majority of this material is shipped to the Smithsonian 
Institution for study by specialists in the Southeast Asia Mosquito 
Project (SEAMP). 

PROGRESS :   During this period 938 mosquito collections were 
made in 8 provinces of Thailand, the British Crown Colony of 
Hong Kong and the Philippines.   These collections resulted in 
13,624 pinned adults, 13,365 slide mounts of larvae, larval and 
pupal skins and 27 slide mounts of terminalia and other structures. 
The mosquito collections made on Mindoro and Luzon in the 
♦ Address: Southeast Asia Mosquito Project, Smithsonian 

Institution, Washington, D.C. 
1344 

I 



Philippines and in the British Crown Colony of Hong Kong provided 
material for study and comparison with other species of the 
Anopheles in the minimus complex present in Thailand.   Results 
of mosquito collections made during this period are given in 
detail in the following sections. 

Aedes :   The majority of the work on this genus was concentrated 
on species belonging to the subgenus Stegomyia.   Immature 
stages were collected primarily from bamboo oviposition cups 
set out in a variety of habitats and from artificial containers in 
and around houses.   Adults were obtained in diurnal and cre- 
puscular collections of mosquitoes attracted to human bait. 
During the previous reporting period 14 species of Stegomyia 
were recorded from Thailand, including a possible new species 
near A. unilineatus.   This latter species has subsequently been 
recognized as a species new to science and has been named Aedes 
seatoi in honor of this laboratory,* Aedes seatoi closely resembles 
A. albopictus in the adult stage and its larval stages are very 
similar to those of A. aegypti.   Because of its possible confusion 
with those two dengue vectors, more knowledge of the ecology 
and behavior of A. seatoi is urgently needed,   Aedes seatoi is 
currently known from Angthong, Chieng Mai, Chon Buri, 
Kanchanaburi, Nakhon Sawan, Prachinburi and Saraburi provinces 
(Fig. 1), however, its distribution is probably much wider 
throughout Thailand and Southeast Asia for it has recently been 
collected in Malaya, ** Adults of A, seatoi have been collected 
biting man in Saraburi and Prachinburi provinces between 1800- 
1900 hours.   Thus far, all larvae of this species have been collect- 
ed from water accumulated in nodes of bamboo, except for two 
collections from the axils of banana plants and one from a clay 
water jar,   Aedes seatoi is most frequently collected in the 
vicinity of villages surrounded by orchards (jack fruit, mango, 
papaya and banana) and bamboo groves. 

Aedes scutellaris, first recognized in Thailand 4 years ago, has 
since been collected close to the sea in four provinces (Phuket, 
Prachuab Khirikhan, Surat Thani and Trat) and inland along the 
Chao Phaya river in Nonthaburi province (Fig, 1),   Two morpho- 

* ?uang, Y.M., Proc. Ent. Soc. Wash. 71:234 (1969) 
ersonal Communication :  S. Ramalingham 
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logic forms have been noted in a colony of A. scutellaris, esta- 
blished with material from Prachuab KhiriEhan, which are 
distinguished by differences in the mesepimeral scales.   Current- 
ly, efforts are being made to solve this taxonoroic problem by a 
study of the progeny reared from females of each of the mor- 
phologic variants.   Little is known of the vector potential of 
this mosquito in Thailand, although Aedes scutellaris is reputed 
to be an important vector of dengue viruses in New Guinea. 

The utility of bamboo oviposition cups in the collection of Stegomyia 
mosquitoes was demonstrated during a survey in Angthong 
province during the dry season this past year.  This and 3 
adjacent provinces were suffering from a severe drought at the 
time of the survey, and all natural larval habitats of Stegomyia 
mosquitoes were dry, except for a few water jars at houses. 
A total of 227 bamboo cups were set out in 8 areas for a period 
of 21 days.   Eighty one (35,7 per cent) of the cups yielded eggs 
of five species of Stegomyia (A. aegypti, A. albopictus, A. 
gardneri imitator, A. pseudoaJbopictus and A. seatoi), indicating 
that adult females were present in the area even under the adverse 
conditions existing there at the time (Table 1). 

Anopheles :   Studies on the distribution, ecology and systematics 
of Anopheles species in Thailand were continued during this 
period.   Two well known malaria vectors from the Indian sub- 
region. Anopheles culicifacies and An. stephensi, were collected 
in Amphur Mae Sariang, Mae Hong Son province.   The collections 
of An. stephensi were made in a small village near the Salween 
river, while An. culicifacies was found in the town of Mae Sariang 
as well as in rural areas.   Previous collections of An. stephensi 
have been made in Chieng Mai and Chieng Rat provinces, while 
An. culicifacies has been recorded by SMRL from Ayutthaya, 
Ühieng Mai, Chon Buri, Kanchanaburi, Lampang, Lamphun and 
Tak provinces. 

Studies on the minimus group of species in Thailand were continued 
during this period.  Eight members of this complex of closely 
related species, An. aconitus, An. minimus. An, pampanae. 
An. culicifacies. An. jeyporiensis. An. fluviatiTis, An. filipinae 
and An, varuna, have been recordedIrom Thailand, The first 
two species have been incriminated as vectors of malaria in 
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Thailand, while the others have not been shown to be of any im- 
portance in malaria transmission here.   The members of this 
complex are separable on the basis of a few morphologic 
characters which show considerable variation in Thai populations. 
Some workers doubt that the last three species above really occur 
in the kingdom, but specimens of these species continue to turn 
up in SMRL collections.   In an effort to determine the degree of 
variation in morphology existing amongst these species, a study 
of the progeny from females typical of each member species was 
undertaken.  Approximately 4,000 progeny from An. aconitus and 
An. minimus females have been reared to the adult stage.  Speci- 
mens resembling An. filipinae and An, varuna have been found 
in sibling broods from both An, aconitus and An, minimus parents, 
while specimens that would be identified as An, fluviatilis with 
present keys, together with intermediate forms, have been reared 
from typical An, minimus females.   These fluviatilis forms 
closely resemble the An. fluviatilis collected by SMRL in 
northern Thailand and in Hong Kong,   Adults of An, jeyporiensis 
resembling both of the subspecies, An. j. jeyporiensis and An. 
jeyporiensis candidiensis, were reared from larvae collected 
in Hong Kong's New Territories, but no morphologic differences 
were noted in the larval and pupal stages.   The above results 
indicate that five members of the minimus complex may validly 
be considered to occur in Thailand, An. aconitus. An, culici- 
facies, An, jeyporiensis. An, minimus and An, pampanäH   The 

tiUi last species still remain the rarest member of the complex in 
Thailand.   During the past year a few adults of this species were 
collected biting humans and buffalo in Buriram and Prachinburi 
provinces.   Previous collections by SMRL have been made in 
Chantaburi, Nan and Prachinburi provinces. 

Since colonies of both An, aconitus and A_n. minimus can be main- 
tained by the forced insemination technique, an attempt to 
determine the amount of genetic compatibility existing between 
these two species was made by crossing the two by this method, 
A total of 122 crosses were made, of which 76 were between An, 
aconitus males and minimus females and 46 between minimus 
males and aconitus females.   Eggs were obtained from 8 minimus 
females, or which approximately 170 hatched.   All except three 
of the larvae from these eggs died before the third instar.   Two 
of the three developed into males while the third (a female) 
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developed only as far as the pupal stage.   Eggs were obtained from 
only one of the aconitus females in these experiments, and these 
failed to hatch.   These results are similar to those obtained 
by Kitzmiller*and his coworkers in crossing attempts involving 
European and North American species of the Anopheles macu- 
lipennis complex, 

Culex :   During this period special emphasis was placed on a 
study of the species within the subgenus Culex.   This subgenus 
includes C. tritaeniorhynchus and C, gelidus, vectors of Japanese 
encephalitis virus in Thailand,   Another member of the subgenus 
C, annulus, which occurs widely throughout Thailand, is a 
suspect in the transmission of JE virus on Taiwan,**  Culex tri- 
taeniorhynchus and C, annulus belong to a complex of species, 
the vishnui subgroup, which are separable most often in the larval 
stage only; identification of adults of these species is often impossibly 
creating serious problems is determining the source of JE virus 
in pools of these mosquitoes.   During October 1969 larval surveys 
were begun in 5 districts of Chiengmai province that were affected 
by an epidemic of Japanese encephalitis earlier that year.   Three 
species in the vishnui subgroup, C, annulus, C, pseudovishnui 
and C. tr itaeniorhynchus, were collected in these surveys.   The 
first and third species were commonly encountered in these collect- 
ions, but larvae of C, pseudovishnui were more rarely encountered. 
Certain habitat preferences by larvae of Culex species were noted 
during these collections.   Larvae of members of the pipiens group 
were found more frequently in small to moderate sized oviposition 
sites, while members of the sitiens group (including the vishnui 
subgroup) were collected more often in moderate to large bodies 
of water (Table 2).   Furthermore, both C. gelidus and C. quinque- 
fasciatus were collected from polluted water in most instances. 

*   In :  Genetics of Insect Vectors of Disease.   1967 p, 151 
** J, Med, Ent,   6: 327 
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Table 1,   Distribution and association of Stegomyia species in 90 
bamboo oviposition cups, An gthong - 1969 

Number 
Species with cups Per cent 

A. aegypti 2 2 

"    seatoi 1 1 

"     albopictus 48 53 

"     albopictus + aegypti 2 2 

"     albopictus + gardnerii imitator 2 2 

"     albopictus + pseudalbopictus 2 2 

"     albopictus + seatoi 13 14 

"     albopictus + Tripteroides 7 8 

"     albopictus + aegypti + seatoi 2 2 

"     albopictus + g, imitator + seatoi 1 1 

"     albopictus + Tripteroides +seatoi 1 1 

Species other than Stegomyia 9 10 
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Mosquito Vectors of Malaria 

Principal Investigators :        Douglas J. Gould, Ph.D, 
Bruce A. Harrison, CPT, MSC 
Michael F. Sullivan, CPT, M3C 

Assistant Investigators : Prajim Boonyakanist 
Larp Panthusiri 

OBJECTIVE :   To investigate the bionomics and population 
dynamics of those species of Anopheles responsible for trans- 
mission of human malaria in Southeast Asia. 

DESCRIPTION :   Specific factors being studied in the attempt 
to define the actual and potential vector species present in Thailand 
include determination of host preferences, susceptibility to 
infection with malaria, flight range, longevity and patterns of 
biting activity, 

PROGRESS :   During this period, malaria surveys were conducted 
in Buriram and Prachinburi provinces,   A persistent foci of vivax 
malaria in Tambon Lam Duan, Amphur Krasang in northeastern 
Buriram province prompted the first survey from 19-25 May, 
This trip was a follow up to surveys reported in the previous 
year.  Neither An. minimus nor balabacensis has been collected 
in this area in recent years, thus the identity of the malaria 
vector is not known,   A total of 759 anophelines were collected, 
with ten man-biting collections yielding 241 mosquitoes and two 
buffalo-biting collections yielding 518 mosquitoes.   An. annular is 
accounted for 624 of the adults, of which 70% were cöllecte3 
from buffalos,  A regional Malaria Eradication Project team 
made 401 blood smjears from residents in two villages in the 
Tambon during this period.   AH smears were negative for malaria. 
Dissections from 643 mosquitoes were also negative for malaria, 
thus the identity of the vector there is still not known. 

The second survey was prompted by repoits of a malaria epidemic 
in Amphurs Aranyaprathet and Kabinburi, Prachinburi province. 
This survey was divided into two trips.   The first trip (26 June- 
6 July) involved 21 collections of adult anophelines, 4 from buffalo, 
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9 from human bait and 8 collections of mosquitoes resting on 
vegetation around houses in both districts.   A total of 632 
mosquitoes were collected, of which 187 were An. balabacensis, 
one of the primary malaria vectors in Thailand.  Seven bala- 
bacensis out of 182 dissected contained malaria parasites. 

The second trip (19-29 July) into Prachinburi concentrated on a 
malaria epidemic in Tambon Thung Pho, Amphur Kabinburi. 
Thick Blood films, taken at random from 327 residents of 7 
villages, were examined by the Department of Epidemiology 
and 157 (48%) were found to have malaria parasites.  Of these, 
131 (83%) had Plasm odium falciparum, 21 (13%) had P. vivax, 
and 4 (2. 5%) had mixed P. falciparum-P. vivax infections.   One 
P. malariae infection was found.   During this period 19 adult 
mosquito collections were made, 10 from human bait, and 9 
collections of mosquitoes resting in houses or in vegetation near 
houses.   These collections yielded 1,602 mosquitoes, of which 
1,099 were An. balabacensis.   Four different collecting methods 
were used to obtain adult balabacensis.   A comparison of the 
efficiency of these 4 methods is as follows : 

A) biting main inside house — 0. 5 mosq,/man/hour 
B) biting man-outside house — 1,3 mosq,/man/hour 
C) resting-inside house — 3,5 mosq,/man/hour 
D) resting-outside vegetation naar house — 1,4 mosq/ 

man/hour 

No explanation can be given at present for the disparity between 
"biting roan-inside" and "resting-inside" collections,   A total of 
1,035 balabacensis were dissected during the trip and 9 were 
positive for malaria parasites. 
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Project 3A663713D829 MILITARY MEDICAL RESEARCH   PROGRAM S.E.ASIA 

Task 00, Malaria Investigations 

Work Unit 112, Field studies on drug resistant malaria 
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areas of chemical synthesis and drug preparation and for twenty-three 
biological contracts concerned with the precllnloal aspects of antl- 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit IIU,  Malaria program supervision 

Investigators 
Principal:     COL William E.  Rothe, VC 
Associate:     Thomas R.  Sweeney,  Ph.D. 

The Contract Chemical Synthesis Program   

During FY-70 there was a maximum of 5H active contracts; only 24 of 
these will be carried beyond 30 June 1970.    During the year 5 new con- 
tracts were let.    There are, in addition, k strictly preparations facili- 
ties for-obtaining large quantities of desired compounds; one of these 
was added during the year; one preparations laboratory contract expired 
with the fiscal year.    Finally,  there is one contract to study the 
feasibility of the large scale photochemical synthesis of the phen- 
anthrenemethanols and one to synthesize radioactivity tagged compounds 
for metabolite studies.    At present there are 12 contracts with aca- 
demic institutions, 9 with industry and 7 with research houses. 

During FY-70 there was a total of approximately 1500 compounds submit- 
ted from the synthesis contracts,  of which 900 were target compounds. 
As of the end of FY-70 the average cost per target compound is  $2300. 
During the year the number of compounds requested from the preparations 
laboratories was 12, 22 and 6 in small, medium and large quantities, 
respectively.     Compounds received numbered 5, 11 and 9 in the same 
quantitites.     Chemical publications and submitted manuscripts numbered 
61. 

Actively pursued synthesis areas can be broken down as a percentage of 
obligated funds as follows: 

Area Percent 

Quinoline methanols 6 
Phenanthrene methanols 29 
Other amino alcohols 15 

Naphthothiophene 
Pyridine 
Aminohydroxy acephenanthrene 
Quinolizone 
Amino hydroxy,  dihydrophenanthrene 
Diazaphenanthrene 
Benzacridine 

Amlnoquinoline type 6 
Antifols and antimetabolites 21 
Polyhalogen compounds 6 
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Miscellaneous 
Hydrozamic acids 17 V ) 
Oxazines 
Pyridol derivatives 
Bix thiocyanato phenois 
Quinoline quinones 
Regression analyses 
Benzothiopyrans 

The main thrust of the synthesis program is with the antifols  (antimeta- 
bolites) and the aminoalcohols.    The phenanthrene aminoalcohols continue 
to hold the most promise as a source of useful drugs.    Two very promising 
areas that have emerged are the M—amino-2-stilbazole type and the 2,4- 
diamino-5-arylthioquinazo.i.ines; these are being explored.    Areas that 
have not lived up to expectations are the hydroxamic acids, the poly- 
halogeno compounds, the pyridol derivatives and the benzothiopyrans. 

There have been three feasibility studies on new approaches to large 
quantities of the  substituted phenanthrenes during the year.     One,  the 
conversion of a phenanthrene decarboxylic acid to a bis trifluoromethyl 
phenanthrene through a reaction involving sulfur tetrafluoride, after 
a reasonable try, was abandoned because of very difficult chemistry, 
difficult product separation problems and low yields.    A study of the 
formation of the desired phenanthrene through a thermal ring closure is 
still in progress.     The most prom-sing approach at this time is the 
photochemical ring closure which appears to be entirely feasible for 
intermediate scale reactions and possibly adaptable to very large scale 
operations. 

The synthesis program has increased tremendously the effort expended within 
the Division on the preparation of material for patent application.     It 
is deemed important to expedite the patent applications in order to speed 
up publications and the exchange of information between contractors and 
between WRAIR and potential contractors.     Preparation of the material 
in fairly complete form can most quickly be done within the Division be- 
cause therein resides the intimate knowledge and familiarity with the 
chemistry and biology involvedt 

Acquisition of Chemicals 

New chemicals for screening, other than those from the synthesis program, 
continue to be received.    Although gift compounds trickel in at about the 
same rate as last year, the compounds received under the No Dollar Agree- 
ment increased appreciably because of the efforts of the Division in 
securing the release of several thousand compounds from a commercial 
source. 

Biology 

Primary screening of all drugs received during the report period was ac- 
complished.     Drugs showing promise  in the primary screens were further 
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examined in more definitive secondary systems.    Emphasis in the secondary 
screens were placed on effectiveness against resistant strains, against 
preerythrocytic forms, and by oral administration. 

Progress 

a. Primary Screens 

1. All drugs received were submitted to the University of Miami for 
testing in the blood induced Plasmodium berghei - mouse screen. A total 
of 23,000 drugs were evaluated, and of these, 1295 exhibited significant 
activity. Drugs normally were tested at three levels with active drugs 
being retested at six levels. Twenty-four thousand, five hundred (2^,500) 
drugs were also tested in the blood induced P^. gallinaceum - chick system. 
Of these, 297 were active. 

2. The in vitro systems at the University of West Virginia were dis- 
continued during the contract period. A total of 6037 assays on 461 
compounds were run in the carbohydrate metabolism system. Nine hundred 
and eight were active. In the system measuring inhibition of nucleic 
acid synthesis, 5486 assays were conducted on H221 compounds. Greater 
than 40% inhibition occurred with 408 compounds. 

3. The system based on inhibition of sporozoite formation in the sal- 
ivary glands of mosquitoes which was operated by Insect Control and Re- 
search in Baltimore was discontinued during the report period. In the 
system using Aedes aegypti mosquitoes and Plasmodium gallinaceum para- 
site«, a total of 29,275 examinations were conducted on 17,644 drugs in 
this system. Of these, 1662 were active at .10% drug concentration and 
307 at .01% drug concentration or lower. A total of 3773 tests were 
conducted on 337 drugs using Anopheles Stephensi mosquitoes and P^. 
cynomolgi parasites. Three hundred and sixty drugs showed activity with 
337 of them showing activity at .01% or lower drug concentration. An 
attempt was made to ship frozen sporozoites to Dr. Rane at the University 
of Miami for use in a sporozoite-chick test system. Although there was 
some successful transmission, the results proved too variable to use in 
a routine test system. A limited capability for this type of testing 
is being maintained at the National Naval Medical Center under the super- 
vision of Dr. L. A. Terzian. During the report period. Dr. Terzian 
tested 80 compounds. Dr. Terzian can employ various strains of F.  vivax 
and P. falciparum as well as P. gallinaceum and P_.  cynomolgi. 

b. Secondary Screens 

1.     The major effort at Illinois Institute of Technology Research In- 
stitute was concentrated in the test system employing sporozoite induced 
P^  berghei infections in mice.    By varying the time of administration of 
drug, some insight can be obtained as to whether the test drugs act as a 
causal prophylactic or curative agent.    Testing against resistant 
organisms was discontinued at IITRI, however, these organisms have been 
banked by cyropreservation so that testing could be renewed upon short 
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notice if it became desirable to do so. IITRI continues to act as a 
repository for various strains of malaria, providing these parasites 
to other investigators when requested. Tests conducted during the 
reporting period and number found active are as follows: 

Test 
System 

Total Cmpds. 
Tested Active 

Secondary 

CHL Res. 

11 

39 

4 PO 
5 SQ 

13 

DDS Res. 10 7 

TRZ Res. 57 29 

Sporo-Mouse 22 6 Pre Prophylactic only 
6 Blood Schizont only 
8 Both 

2.  The test system at the University of Georgia under the supervision 
of Dr. Paul Thompson which employs drug resistant P.  berghei in mice 
was expanded to a throughput of six compounds per week. This is adequate 
to conduct all preliminary screening against drug resistant organisms. 
Strains resistant to chloroquine, triazine, DDS, and pyrimethamine are 
available. Since drugs are administered in the diet or by gavage, this ft 
system also provides an estimate of the efficacy of the drug by the | 
oral route of administration. The following is a summary of work con- 
ducted during this report period: 

£ Drugs 

P Strain 101 

TRZ Strain 54 

DDS Strain 13 

CHL Strain 66 

Onset and Duration of Action Studies - 4 

3. Drugs which were possible folic acid antagonists were submitted 
to Dr. C. C. Smith at the University of Cincinnati for determination of 
folic acid inhibition and the reversibility of the action. A total of 
1149 assays were conducted on 483 compounds. Of these, 322 inhibited 
folic acid synthesis. This inhibition was reversed with 166 compounds 
when folic or folinic acid was added to the system. A total of 87 assays 
were conducted on 29 compounds against drug resistant organisms. Twelve 
compounds showed cross resistance. 
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Conclusions 

During the report period, there was a concerted effort to make the drug 
screening program more efficient and economical,  eliminating those 
systems which were not absolutely essential.     Primary screening now is 
concentrated in the system at the University of Miami.     Secondary screen- 
ing against drug resistant P^.  berghei is being carried out at the Univ- 
ersity of Georgia,  however,  testing can be resumed at  Illinois  Institute 
of Technology Research Institute on short notice. 

Pharmacology and Clinical Program 

During the past year the Pharmacology Department supervised the con- 
tracts responsible for preclinical studies of antimalarial drugs scheduled 
for clinical trial.     These contracts included studies on the metabolism 
of these agents, as well as  the toxicity.     The Department of Pharmacology 
also provided direct communication with the clinical centers involved 
in Phase I and Phase  II drug trial.    There are 12 primary contracts con- 
cerned with the preparation of preclinical information;  ten concerned with 
metabolism and toxicology of candidate compounds, one concerned with the 
formulation and one concerned with the purity and potency of the formu- 
lated materials.     Three clinical contracts were added during this period. 
During the past year the Department of Pharmacology prepared one "Notice 
of Claimed Investigation Exemption for a New Drug" as well as 14 sup- 
plements.    Details on each of these drugs are reported in their respec- 
tive claims. 

Phase I studies were completed for WR 5677,   33063,   30090, and 40070 
as well as combination studies with WR 6798 + WR 1544 + WR 2975.     Pharma- 
cokinetic studies were done on WR 6798 and WR 5677.     Prophylactic studies 
have been completed on a combination of WR 6798, WR 1544 and WR 2975. 
A Phase I study involving three day medication with WR 5949 and WR 4629 
in combination has been completed.    A study is being conducted in an 
attempt to identify the metabolites of WR 448 which are responsible for 
the methemoglobinemia.     Phase  II studies are  in progress for WR 33063 
and WR 30090. 

Summary and Conclusions 

The so-called third phase of the Malaria Program -  the use of human 
plasmodia for the selection of agents to be developed either by 
chemical derivation or through preclinical study -  is operating sat- 
isfactorily.    The efficacy of new agents  is routinely determined at the 
preclinical level against both drug sensitive and drug resistant P_.   fal- 
ciparum.    The Chicago in_ vitro test is available for rapid screening of 
small samples, while the Aotus/falciparum system is employed for critical 
evaluation of candidate drugs.    The use of these    Systems permits the 
selection of appropriate chemical development of new structure leads 
which do not show cross resistance against human strains of interest. 
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The Malaria Program continues in a balanced fashion,  but at a reduced 
level of effort commensurate with budget restrictions.    Several inter- 
esting drugs are well along in their clinical evaluation, and many pro- 
mising candidates are progressing through the drug development regime. 
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Project    3A663713D829   MALAKIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit lli;. Malaria program supervision 

Publications 

None. 
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23.  (u) Development of new anopheline control procedures through a knowledge of vector 
biology and ecology. 

2k.  (u) Establishment of laboratory colonies of anophelines from areas of strategic 
importance.    Evaluation of rearing procedures through alteration of environmental 
factors.    Study of mosquito pathogens on mosquito behavior, especially as related, 
to disease transmission. 

25.   (u) 69 07 - 70 06.    Establishment of ne,' anopheline colonies: A, freeborni and a 
Pakistan strain of A.  stephensi,    A new mass rearing procedure has been developed 
for A. stephensi.    Although mean dry weight of adults is less in the mass rearing 
nethod than in the conventional small pan procedure,  adult longevity is probably 
greater with the new technique.    Nosema-infected A. quadrimaculatus showed no 
significant difference  in their ability to transmit simian malaria as compared 
with uninfected controls.    The mortality of infected mosquitoes was extremely high, 
with none living beyond 12 days; thus precluding malaria transmission.    For 
technical reports see Walter Reed Army Institute of Research Annual Progress 
Report,  1 Jul 69 - 20 Jun 70. 
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Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 123, Biological studies on anopheline vectors of malaria 

Investigators 
Principal: Ronald A. Ward,  Ph.D. 
Associate:  LTC Bruce F. Eldridge, MSC;  CPT Louis C.  Rut ledge, MSC; 

CPT Edward A. Bergman, MSC; David E. Hayes;  Talmadge J. 
Neal, B.S.; Ronald Lowe,  Ph.D.*, and Kenneth Savage, M.S.* 

Description 

Biological studies of anopheline mosquitoes are performed,  using 
material maintained in the insectary at this Institute.    Studies in- 
clude evaluation of rearing techniques and their effect on research 
results,  development of new rearing techniques, the effect of biological 
agents on anopheline mosquitoes,  and nutritional studies  of artifically 
reared anophelines. 

Progress 

1. Laboratory rearing of anophelines 

By carefully washing all anopheline eggs with distilled water, and 
keeping all vater containers in which larvae and pupae are maintained 
or handled scrupulously clean, the level of infection of Nosema stegomyiae, 
a microsporidian parasite, has been reduced to the point where it is of 
no significance in rearing procedures. 

Several strains and species of Anopheles were added to the insectary. 
With new species of culicines colonized from nature for the first time 
(reported elsewhere), the list of colonized material maintained has 
been substantially increased. Species presently maintained are shown 
in Table 1. 

2. Evaluation of rearing procedures 

Last year, a procedure was developed which permitted the mass rearing 
of anopheline mosquitoes in large (30 X 5^") stainless steel trays. The 
chief advantage of the system was that many of the handling procedures, 
such as separation of larvae from pupae, and transfer of pupae into 
smaller containers, could be accomplished using equipment and techniques 
which saved literally hours of time. Before the procedure could be 
adopted as the standard rearing procedure, however, it was necessary 
to evaluate the quality of the mosquitoes produced, as evidenced by 
body weight, longevity, and activity level. 

* Insects Affecting Man and Animals Laboratory, U.S. Dept. of Agriculture, 
Gainesville, Florida 
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Preliminary studies were done on the assumption that optimum 
larval density was related to surface area of the breeding water. The 
area of large pans are approximately 10 times that of the small pans. 
Consequently 10 times as many larvae were initially placed in the 
large pan as in the small pans (2500 vs. 250). Larvae were then fed 
twice daily, with as much food being added each time as the larvae would 
consume before the next feeding. 

Results indicate that anophelines reared using the new procedure 
(large pan) are definitely lighter in weight than those reared in the 
conventional manner (small pan). There is not, however, any observable 
decrease in adult longevity. In fact, a longevity experiment performed 
with Anopheles stephensi showed that large pan males and females lived 
longer, on the average, than did conventionally reared controls. 

Table 2 shows the mean dry weight of males and females of 2 anophe- 
line species reared by the 2 procedures. The mean weights of all com- 
parable groups differ significantly between large pan rearing and 
small pan rearing. The difference between small and large pan male 
An. stephensi is not significant. 

Table 3 indicates the time to 50^ mortality for the same experi- 
mental groups. 

3. Effect of Nosema infection on malaria transmission 

Preliminary investigations at the U.S. Department of Agriculture 
Insects Affecting Man and Animals Research Branch Laboratory in 
Gainesville, Florida indicated a possible interference effect of Nosema 
stegomyiae (a microsporidian protozoan parasite of mosquitoes) upon 
malarial transmission. Test results with Anopheles c^uadrlmaculatus 
showed that Nosema-infected mosquitoes were far less efficient experi- 
mental vectors of an avian malarial parasite (Plasmodium gallinaceum) 
than non-infected controls. 

A collaborative project was undertaken by the USDA laboratory and 
the Department of Entomology, DCD&I to determine if this also occurred 
in mosquitoes infected with the simian malarial parasite, P. cynomolgi. 
First stage A. quadrimaculatus were exposed to Nosema spore suspensions 
in Gainesville, Florida and the resultant adult mosquitoes were shipped 
by air to WRAIR for experimental malaria studies with the simian malar- 
ial parasite. Control lots of mosquitoes were reared in Florida and 
simultaneously sent to WRAIR. 

The level of Nosema-infection ranged between 50 - 95^ in material 
received at WRAIR. After receipt, the adults were kept in the insectary 
for 1 - U days and then fed on infected monkeys. Malarial oocyst dis- 
sections were made 8 days after infection. In some instances, the 
microsporidian infection was so severe that only a small sample or no 
mosquitoes were available on the 8th day for dissection. In a series 
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of 6 experiments, using 2 strains of P. cynomolgi, there were no sig- 
nificant differences in mean oocyst counts among groups of Nosema- 
infected and control lots of A. quadrimaculatus simultaneously fed on 
infected monkeys (Table k).    Despite this lack o-0 response on oocyst 
development by day 8, the fact that virtually no microsporidian-in- 
fected anophelines survived until day 12, a time at which the sporo- 
zoites would normally be infective, indicates that this parasite might 
be an effective means of interrupting malaria transmission. 

Conclusions and recommendations 

1. Procedures are being used in the WRA.IR insectary which minimize 
the adverse effects of infections of anopheline mosquitoes by Nosema 
stegomyiae. A new mass rearing procedure for anophelines has received 
a preliminary evaluation which indicates that the mean dry weight of 
resulting adults is less when this procedure is used in contrast with 
the established procedure. It was determined that Nosema-infected 
Anopheles quadrimaculatus mosquitoes showed no significant reduction in 
their ability to transmit Plasmodium cynomolgi parasites as compared 
with uninfected controls. The mortality of infected mosquitoes was 
very high, however, with virtually none living as long as 12 days. This 
in itself would serve to present malaria transmission. 

2. Further evaluation of the mass rearing technique should be done. 
Other biological characteristics of anophelines should be measured in 
Nosema-infected and non-infected adult mosquitoes. 
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TABI£ 1 

Mosquito Colonies Maintained at WRAIR 

Species Source Status 

Annigeres subalbatus Singapore Subcolony 

ii       ii Japan II 

Aedes aegypti Koh Samui II 

Aedes canadensis Maryland Not established 

Aedes polynesiensis Samoa Subcolony 

Ae. scutellaris malayensis Singapore n 

Anopheles quadrimaculatus Florida II 

Anopheles freeborni California II 

Anopheles balabacensis Thailand II 

Anopheles stephensi India II 

II       II Iran n 

II       n Pakistan II 

Culex salinarius Maryland Established 

Culex restuans n Not established 

Culex tritaeniorhynchus Japan Subcolony 

Culiseta melanura Maryland Not established 
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TABLE 2 

Dry Body Weights of 2 Species of Anopheles Resulting from 
2 Different Rearing Procedures* 

Large Pan Small Pan 

Species Males Females Males Females 

An.  stephensi    O.387 ± 0.007    0.502 ± 0.011     0.402 ± 0.014    0.590 ± 0.01k 

An. quadri-        0.402 ± 0.014    0.620 ± 0.030     O.526 ± 0.019    0.840 ± O.O36 
maculatus 

* Numbers shown are mean ± standard error of approximately 25 individ- 
uals each. 

TABLE 3 

Time (Days) to 50$ Mortality for 2 Species of Anopheles Resulting from 2 
Different Rearing Procedures 

Large Pan Small Pan 

Species Males Females Males Females 

An.  stephensi 20.2 

An.  quadri- 9«0 
maculatus 

21.2 

12.0 

13.4 

11.4 

14.0 

11.4 
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TABI£ k 

Effect of Microsporidian Infection of Anopheles quadrimaculatus on Sus- 
ceptibility to Plasmodium cynomolgi (RO/FM and "B" strains). (Malarial 
susceptibility is assayed in mean number of malarial oocysts per dis- 
sected gut) 

Date Parasite strain Mean number oocysts 

Nosema-infected      Non-infected 

12 Mar 70 RO/FM 7.3 1.1 

13 Mar 70 RO/IM h.5 0.9 

13 Mar 70 "B" strain 0 10.8 

26 Mar 70 R0/PM 2.5 6.6 

k May 70 "B" strain 2.0 k.6 

7 May 70 "B" strain 0.3 0.1 
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Project 3A663713D829, MALARIA HIOPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 123, Biological studies on anopheline vectors of malaria 

Literature Cited 

1. References - none 

2. Publications 

1. Rutledge, L.C. Some Effects of Fumagillin on Anopheles Stephensi. 
Mosquito News 30 (in press), 1970. ~        

2. Ward, R.A. and Scanion, J.E. (Editors). Conference on Anopheline 
Biology and Malaria Eradication. Misc. Publ. Entomol. Soc, Amer. ?■> 1 
1970. -  ' 

1370 

tutmmatoL*     ■111    iir»-     -' > n..*— 
iiniri   rf -  fgg^^gi^^gg^ muaiM^mmmmttllmmmmtlimm ^^jfj^ 



x^^^m ^MM 
IIMPILIIIIJIWIIII  II 

praftFBftTiRBi  Not Applicabie 
. OATU^PriCTIV«) IRniUTIOMi 

RESEARCH AND TECHNOLOGY WORK UMT SUMMARY 

% CWTt PMV «UlfRV 

69    07    01 D.  Change 
10. MO./COOCti* TOOOfUM CLIMCNT 

fc   MMIAMV 

h. CONTMBUTIH« 

6^71^A 

CDQGl4l2Af2> 

L HIMMIIV iCTlT    L MMI fSCUMT' 

PMOJICT NUN 

3A663713D82T 

•. *MIKV tee 

DA 0A 6514 

J^_ 

•.Mrtori 

70  07  01 
•m Mm 

ML 
TAW AMI* NiMWtR 

00 

DD-DIUkg(Alt>*M 

Sb dm 

1. LivtL or «mr 

A. ■OWIMT 

"wr 
■OHK UNIT HUHMIII 

1 ■■VV-'-'-V"'..■■■■■'• ■■■M.-V-v--   '.   ■ 

S?  
(u) Biological Studies of mosquito malaria infection and transmission 

lilittlittKliittWttililittrlUäUtt^^ 

It. KIIHTIPIC AMD TICNNOLOSICAL'ANBA^ 

(09) 

002600 Biology 
a mm tm 

6? 07 
. CONTMACI 

CONT 

* NUMMII:" 

. TYPii 4 AMOUMTt 

f. CUM. AMT. 

n. nSfSSSÜLM 0O9OM«MIIZ*TK»N 

""'«''Walter Reed Army Institute of Research 
Washington,  D.C. 20012 

ADDRIUi* 

■CIFONSiakl INMVIOUAL 

"M,,' Meroney, COL W. H. 

Foi-eign Intelligence Not Considered 
^ wBrtnwaagiiars« IMH, aaai ^ t C01 

B" 

E riw«M «MKCV 

DA      I 
W. WMUIICn UTUMTI 

rMCAL 

VCAA 

70 
HWT" 

71 
HMommm» »M>H»*T(M 

C. In-House 

I 

k nw« tf ■ «1) 

35 

35 

"■•Walter Reed Army Institute of Research 

«««.• Div of CD and I 
Washington, D.C. 20012 

pmmctPAL mvuTicATO« r*mMt turn «IM. tmmm* 

»»"«•• Ward, Dr. R. A. 
TtLi««.* 202 -  576-2553 
WCK4. ttCUKIT« »CCOVKT KUHKAi    

Rutledge, CPT L.C. 
Hayes. D.E. 

(U) Anopheles; (U) Oenetics; (U) Mosquitoes; 
(U) Plasmodium; (u) Susceptibility: fu) Falcipanm malaria; (U^ Aotus 

DA 

11. TCCMHICAt OAJICTIVI.* IA APMWACH,   IA PAOMgM fmmt* hmH+fi imUß**» Mm*»** tr " >. nmmtk «Ml W «MA •#• ü—ü cte—lAMMwi 1 

23.  (u) Development of genetic and environmental means of interrupting malaria trans- 
mission through an understa. Ung of factors influencing susceptibility of anopheline 
rectors to malaria and of factors determining transmission efficiency of vectors. 
Also, the development of test uystems for the evaluation of antimalarial drugs. 

21*.  (U) Studies are conducted on the infectivity of human and closely related simian 
malarial parasites to various mosquito vectors of SE Asian areas.    Attempts to 
transmit falciparum malaria to lower primates are made.    Matched feedings of 
anophelines on gametocytemic hosts are conducted,  followed by dissections of samples 
of the mosquitoes at intervals thereafter to determine level and progress of mixed 
strain infections.    Mass selection procedures are used to select more efficient and 
less efficient vectors of malaria. 

25.  (u) 69 07 - 70 06.    Two new strains of chloroquine resistant falciparum malaria 
from Vietnam and the Philippines have been established in splenectomissed Aotus 
monkeys through serial passage of infected blood.    Attempts to infect anopheline 
mosquitoes have been negative to date and it is believed that gametocyte Immaturity 
is the responsible factor.    Studies with the P.  cynomolgi - rhesus monkey system 
have served to characterize,  identify and quantitate a number of factors affecting 
the transmission of malaria to mosquitoes.    For technical reports see Walter Reed 
Army Institute of Research Annual Progress Report, 1 Jul 69 - 30 Jun 70. 

>A—ll«W« to emmtfetmrn ■ 

DD^rJ498 PREVIOUS CDITION1 OF  THIS FORM  ARE  OBSOLETE.     DO FORMS  14SSA.   1   NOV %% 
AND  MSS-I,   «  MAR «•  (FOR   ARMV  USE)  < 15M"OL"T' 

1immmmm 



wmm—mmmmmmmmmmmmmmmmmmmmmmmmmmm^^^^^^^^^^^^^~~~"' • ' ipiji nHianmi* 

Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 121+, Biological studies of mosquito malaria infection and 
transmission 

Investigators 
Principal: Ronald A. Ward, Ph.D. 
Associate: OPT Louis C. Rutledge, M3C; CPT Stephen C. Hembree, NBC; 

OPT Anthony J. Johnson, VC; David E. Hayes 

Description 

Studies are conducted on the infectivity of human and simian 
malarial parasites to various mosquito vectors of malaria. Special 
emphasis is placed on the role of genetic and environmental factors 
in mosquito susceptibility. Mosquito transmission of falciparum and 
vivax malaria to lower primates is attempted. The results of these 
studies are applied to the development of test systems for the evalua- 
tion of antimalarial drugs. 

Progress 

1. Transmission of human malaria to monkeys 

In an attempt to establish cyclical passage of falciparum malaria 
in Aotus trivirgatus 2 additional isolates of this parasite (IER strain - 
Philippines and Brai.  strain - Vietnam) were obtained from Dr. David 
Clyde,  University of Maryland School of Medicine.    Since both these 
isolates had recently been transmitted to human volunteers by mosquito 
bite,  it was postulated that the probability of establishment of mos- 
quito transmission with such strains would be greater than with a strain 
such as the Aotus - Camp which had an extensive history of consecutive 
blood passages in subhuman primates.    The details of the  infection of 
Aotus are indicated in Table 1.    k/5 r -V- :    became patent while 1 
monkey (395) remained negative ^9 clay3 after inoculation.    Lnmature 
gametocytes were extremely abundant in the 3 positive  splenectomized 
Aotus and 26 separate feeding trials of Anopheles species were per- 
formed upon these monkeys.    In all instances, the mosquitoes exhibited 
no malarial oocyst development on the 8th day after an infective blood 
meal the time when midgut dissections were performed.    The Brai.  and 
PER strains have been serially passed into new Aotus and certain of 
these animals are being treated with an immunosuppressent (imuran) in 
an attempt to achieve a higher degree of gametocyte maturity through 
the  suppression of the lymphocyte-macrophage system. 

Experiments on the cyclical transmission of the Chesüon strain of 
vivax malaria which were described in the 19^9 WRAUR Annual Report were 
continued.    3 consecutive monkey-mosquito-monkey cycles were completed 
by the end of 1969.    A comparison of the infection of P.  vivax in Aotus 
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by blood transfer or sporozoite transmission is shown in Table 2. 
Gametocytes appeared 3 weeks later in animals infected by mosquito 
bite as  contrasted to blood passage of parasites.    The overall gameto- 
cyte levels were similar in both groups while the peak gametocytemia 
occurred about 10 days after the appearance of the first gametocytes. 
It was possible to infect mosquitoes on Aotus from the first day gameto- 
cytes were visible,  and in one instance, mosquitoes were infected one 
day prior to the first sign of gametocytes on blood films. 

Considerable variation was present in the infectiousness of indi- 
vidual monkeys to pools of anophelines (Table 3)»    This was similar to 
the situation experienced in feeding anophelines on other malarial 
parasites  in different host systems.    Gametocytes from sporozoite-in- 
duced infections were equally infectious to anophelines in comparison 
with blood passaged infections.    In the former, 25/U6 pools of mosquitoes 
applied (5^.3^) were infected, while in the latter category ^1/96 
(^2.7^) were infected.    Although the pool infection rates were similar, 
there was a marked difference in the quantitative oocyst counts (Table 2). 
Mosquitoes fed on blood-infected Aotus had peak mean oocyst counts of 2.8/ 
mosquito while the counts from monkeys infected with sporozoites averaged 
10.7/niosquito. 

Transmissions have been made with 3 vector species: Anopheles b. 
balabacensis, A. quadrimaculatus and A. Stephens!.    A. b. balabacensis 
is the most efficient vector with 3 times the number of oocysts de- 
veloping on the mosquito midgut as in the other 2 anophelines.    A 
typical oocyst count for the former species is 60/mosquito,  for the 
latter 2 species, 20.    In general, P. vivax, gametocytes in Aotus are 
less infective to anophelines than vivax gametocytes in man or chim- 
panzees by a factor of 3 or U.    This does not however, appreciably 
affect the establishment of cyclically-passed Chesson vivax in a monkey 
system. 

2.  Transmission of simian malaria 

The Anopheles stephensi - Plasmodium cynomolgy - rhesus monkey 
host-parasite system is used as the  standard laboratory model for 
malarial studies due to its close resemblance to human vivax malaria, 
ease of mosquito infection and transmission,  and a consistant source 
of a hardy simian host. 

A paper is being prepared giving time series analyses of the infec- 
tiousness  of 5 rhesus monkeys which were infected with cynomolgi malaria 
by mosquito bite.    Periods of gametocytemia ranged from 13-1^ days 
(mean = 23.6) in indiv:'dual monkeys.    The mean gametocyte count over 
the period of gametocytemia ranged from k20-6ö0 gametocytes/mm3 of blood 
(mean = 550} and the mean oocyst count in mosquitoes fed during the same 
period ranged from 5.5-64.8 oocysts/mosquito (mean = 36.4).    Mean 
gametocyte  survival rates (ratio of mean number of 8 day oocysts to mean 
gametocyte  counts) ranged from 0.6 to 5.0^ (mean = 2.8$).    These figures 
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_. provide a measure of the comparative efficiency of the transmission of 
; j P. cynomolgi. 

Within individual monkeys gametocytemia follows the tertian perio- 
dicity of parasitemia in general, and this periodicity is rather closely 
reflected by the daily transmission record (oocyst counts).    With 
respect to the primary attack and short-term relapses (recrudescenses), 
however, the situation differs.    The several attacks (primary attack 
and recrudescences) differ in infectiousness to mosquitoes.    Typically, 
those that occur near the middle of the course of gametocytemia produce 
greater numbers of oocysts on a per-gametocyte basis.   At this time, 
moreover, greater numbers of gametocytes are usually present. 

When paired gametocyte and oocyst counts are considered the linear 
correlation is quite low (range 0.0 to 0.6; mean = O.lß).    The lag cor- 
relation does not significantly improve this  situation.    However, when 
the data are fitted to a second-order polynomial, much better correla- 
tions are observed (range 0.3 to 0.8; mean = O.65).    The regression 
equations deriving from this model imply infection threshold values on 
the order of 10 - 100 gametocytes per mosquito blood meal and optimal 
values of 3000 - 9000 gametocytes per mosquito blood meal, depending on 
the individual monkey.    Gametocyte levels greater than 7000 per mosquito 
blood meal have not been observed. 

I 

3. Analysis of malarial oocyst distributions 
i 

Among similar mosquitoes exposed to equal risk of infection, the 
coefficient of variation in oocyst counts is on the order of 100$. 
Frequency distributions of individual counts within such series show 
a marked clumping of oocysts within individual mosquitoes. Since this 
clumping is a measure of the relative susceptibility of individual mos- 
quitoes to infection, an attempt is being made to identify the appli- 
cable frequency distribution so that dispersion constants can be com- 
puted. Some 170 series of oocyst counts derived from experiments with 
6 species of Plasmodium, 6 species of mosquitoes and 3 species of 
vertebrates are being coded and punched for machine processing. The 
Division of Biometrics and Information Processing is preparing a computer 
program for fitting the Poisson and negative binomial distribution to 
oocyst data. 

k.    Genetic aspects of mosquito susceptibility 

Direct experimental evidence of genetic control of the suscepti- 
bility of Anopheles stephensi to P. cynomolgi is being sought through 
inbreeding experiments. 25 inbred lines of this species (Iran strain) 
were established in November 1969» Two of these lines have been 
carried through 7 generations of inbreeding and these now appear to be 
firmly established. These 2  inbred lines are now being compared with 
the parent (stock) strain with respect to their susceptibility to in- 
fection with P. cynomolgi. It is expected the coefficient of variation 
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in oocyst coiints in these 2 lines will be reduced.    This reduction would 
be a moasure of the importance of the genetic component of susceptibility 
to infection.    The possibility exists also that an inbred line might 
prove relatively resistant to malarial infection. 

Conclusions and recommendations 

1. Two new strains of chloroquine resistant falciparum malaria 
from Vietnam (Brai.  strain) and the Philippines (HSR strain) have been 
established in splenectomized Aotus trivirgatus through serial passage 
of infected blood.    Attempts to infect anopheline mosquitoes have been 
negative to date and it is believed that gametocyte immaturity is the 
responsible factor.    Treatment of animals with immunosuppressant drugs 
or antilymphocyte serum may prolong gametocyte survival until they 
attain a level of maturity which is suitable for infecting mosquitoes. 

2. Cyclical transmission of Chesson vivax malaria has been 
achieved in Aotus and the problem of gametocyte infectivity and mos- 
quito susceptibility in this host-parasite system has been discussed. 
Future progress is largely dependent upon the procurement of adequate 
quantities of Aotus monkeys throughout the year. 

3. Studies with the P. cynomolgi - rhesus monkey system have 
served to characterize,  identify and quantitate a number of factors 
affecting the transmission of malaria to mosquitoes.    The phenomenon 
of individual variation in the susceptibility of anophelines to malaria 
infection is being critically examined and the genetic basis of such 
variation is being investigated.    Most previous work in this area has 
been done with avian malaria and culicine mosquitoes.    It is recom- 
mended that the present studies be continued due to the close similarity 
of cynomolgi malaria to human vivax malaria and the applicability of the 
information acquired to attempt to establish a mosquito-transmissible 
strain of P.  falciparum in monkeys. 
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TABI£ 2 i; 

Infection of splenectomized Aotus trivlrgatus with Plasmodium vivax 
(Chesson strain 

Route of infection 

Blood 
(n 

transfer 
= 7) 

Sporozoite trans- 
mission (n = k) 

Mean Range Mean Range 

Day of 1st garnetocytes 17.h 9-26 1+0.3 28-61+ 

Day of 1st mosquito infection 21.7 16-27 1+0.3 28-61+ 

Day of peak garnetocytemia 26.3 10-40 51.8 1+5-68 

Day of peak mosquito infection 33.9 20-91 1+6.5 35-69 

Peak gametocyte count/mm3 blood 2170 8OO-38OO 2680 1500-1+100 

Highest mean oocyst count/ 
mosquito 

2.8 0.1-5.9 10.7 2.1+-20.2 
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TABIE 3 

Infection of mosquito pools (Anopheles stephensi fron P. vivax 
(Chesson strain) infected Aotus trivirgatus 

Route of infection 

Blood transfer Sporozoite transmission 

Aotus no. No. pools infected 
No. pools fed 

% in- 
fected 

No. pools infected 
No. pools fed 

i in- 
fected 

1 5/15 33.3 1/17 5-9 

2 1/lk 7.1 7/11 63.6 

3 7/31 22.6 13/1^ 92.9 

h 8/10 80.0 h/h 100.0 

5 5/9 55.6 55.6 

6 5/5 100.0 

7 10/12 83.3 

TOTAL Ul/96 h2.7 25A6 5^.3 
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Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 12k, Biological studies of mosquito malaria infection and 
transmission 
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23.   (U) To produce keys, guides, and other guides for the identification of mosquitoes 
which are vectors of diseases of military importance.    Emphasis is on vectors of 
malaria and arbovirus diseases such as dengue.    Also,  to obtain data on the ecology, 
biology, and disease transmission potential of these mosquitoes. 

2h.  (u) Mosquitoes are collected by military and civilian cooperating agencies and are 
forwarded to a joint WRAIR-Smithsonian Institution team for identification.    This 
team intensively studies these collections, as well as collections in established 
museums, and publishes keys, guides,  and other identification aids which are re- 
turned to SE Asia for use by entcmologlsts engaged in control and survey operations. 
Team also accumulates and makes available disease transmission and biological data. 

25.   (u) 69 07 - 70 06.    Revision of genus Aedeomyla completed and submitted for publica- 
tion.    Revision of Aedes,  subgenus Muscidus completed and submitted for publication. 
Final draft of monograph of Anopheles of Thailand completed.    Experimental hybridi- 
zation experiments with geographic strains of Anopheles stephensi demonstrated 
genetic control of several biological characteristics,  including egg structure, 
fecundity, feeding behavior,  susceptibility to malaria, and longevity.    For techni- 
cal reports see Walter Reed Army Institute of Research Annual Progress Report 
1 Jul 69 - 30 Jun 70. 
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Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 125, Taxonomy and ecology of disease bearing mosquitoes of 
Southeast Asia 

Investigators 
Principal: LTC Bruce F. Eldridge, JCC 
Associate: CPT William H. Tyson, MSC; Ronald A. Ward, Ph.D.; 

CPT Louis 0. Rutledge, MSC, Johu E.  Scanlon,  Ph.D.*-; 
MAJ John F. Heinert, MSC** 

Description 

Mosquitoes are collected in Southeast Asia by cooperating mili- 
tary organizations and other groups.    Other supplementary materials are 
obtained from existing collections in museums and other institutions. 
After study taxonomic revisions and descriptions are prepared for all 
of the mosquitoes of Southeast Asia, with emphasis on the species of 
medical importance.    Sections of the work are published as completed, 
and keys of value to military entomologists are prepared as required. 
The eventual aim of the project is the publication of a series of mono- 
graphs completely describing the mosquitoes of the area.    In addition 
collection and ecological data are recorded later for collation with 
published data on the ecology of the various species.    Laboratory 
crosses are made among members of wide-ranging species or related 
species to detect the presence of mating barriers which might affect 
the specific status of various taxa.   Studies under this work unit are 
performed in conjunction with the Smithsonian Institution under U.S. 
Army Medical Research and Development Command Contract MD-2672.    This 
report covers the in-house portion of the work only. 

Progress 

1. Anopheles of Thailand 

The book-length work: Anopheles mosquitoes of Thailand is in the 
final stages of preparation and should be published during calendar 
year 1970 as scheduled. This work involves a thorough revision of the 
anopheline fauna of Thailand, including a complete description and 
illustration of all life cycle stages of species from that country. 

2. Aedes of Southeast Asia 

Study has been completed on 2 subgenera of this genus (Diceromyia 
and Moscidus) and taxonomic revisions are published or in press. 

* University of Texas, School of Public Health, Houston 
■*■* Department of Entomology, University of Florida, Gainesville. 
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In the  case of Dlceromyia. keys are published for all oriental 
species.    One species is described as new to science.    The subgenus 
is reviewed generally on a world-wide basis, and the zoogeographical 
distribution is established. 

The complete revision of the subgenus Muscidus is finished and 
awaits only final checking of illustrations. 

3. Aedecanyia of Southeast Asia 

The revision of this unusual and interesting genus has been es- 
sentially completed.    Publication will occur in early FY 71 • 

k. Experimental taxonomy of Anopheles stephensi strains 

Genetic disparity among 3 strains of Anopheles stephensi from 
India, Iran and Iraq was demonstrated by showing that they differ in 
egg structure, fecundity,  feeding behavior, susceptibility to malaria 
and longevity.    The 6 reciprocal genetic crosses of the 3 strains 
were made,  and the fecundities of the 6 parental crosses and of the 
6 types of F1  hybrids were determined and compared with those of the 
3 parental strains (Table l).    While increased fecundity was observed 
in certain parental crosses,  reduced fecundity was observed in others. 
Similar effects were found to be due to decreased or increased egg 
development or hatch rate, or both.    Oviposition rates did not vary 
greatly, and no abnormality in gonadal development was found.    Since 
sterility of the order of 50^ occurs in certain crosses  (Table l), it 
seems possible that genetic control methods might be feasible for this 
species.    An analysis of egg measurements indicate that Anopheles 
stephensi mysorensis Sweet and Rao cannot be considered a valid sub- 
species. 

5. Hybridization of Anopheles species 

Interspecies crossing experiments with Anopheles stephensi and 
A. balabacensis have been conducted.    Male A. stephensi mate freely 
with female A. balabacensis in cages, and the reciprocal cross can be 
accomplished by use of forced-mating techniques.    In both of these 
crosses egg development and oviposition occurs more or less normally. 
Fully mature embryos can be dissected from eggs after 2 or more days. 
In one instance, hatching has occurred. 

6. Crossing of Armigeres  subalbatus strains 

This species has an extremely wide distribution in Asia,  from 
Japan and China, through to India and South to the Malayan peninsula. 
In portions of its range it is of significance as a filariasis vector. 
Preliminary crosses made between strains from Japan and Singapore are 
completely interfertile without any evidence of a genetic barrier. 
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Conclusions and recommendations 

Taxonomic revisions of several groups of mosquitoes have been 
completed.    In addition, biological criteria have been employed to 
elucidate natural relationships among geographic strains of anophelines. 
Such techniques should be employed to a much greater extent in the 
future, especially in the case of geographic strains differing in 
vectorial capacity.    Taxonomic reviews of anophelines in areas other 
than Thailand are badly needed.   Revision of the genera Culex, Aedes 
(especially Stegomyia), and Mansonia should receive top priority. 

1383 

L J 



">"'       mumiiiiinji, i. i    i —m—wmw Wm mini I mil. ii imui» in luiuili. MWWBPH i.i11 n.i i.ii|.iiiiiii.rnipii.ji.iij|.ii.. mmmmm 

TABLE 1 

Fecundities of Parental Crosses, Within-strain Matings and ^  Hybrids of 
3 Geographic Strains of Anopheles stephenei.    Figures Following Each Mean 
are SE of the Mean 

Parental Crosses 

9 Partner India d" Iran cf Iraq, cf 

India       101.7 + 12.1* progeny     k6.7 ± 9.6 progeny      5O.5 + 10.0 progeny 

Iran 6k.k + 8.8 k6.k + 10.3 kl.k ± 9.9 

Iraq 5Ö.0 + 11.8 31.5 + 9-5 51.1 + 11.1 

F,   Hybrids 

9 Parent India d" Iran cf Iraq cf 

India      101.7 + 12.U progeny     6U.9 + 9,5 progeny 

Iran 80.2 + 12.3 h6.k + 10.3 

Iraq 59-0 + U.k 36.3 + 8.2 

73.0 + 11.3 progeny 

h2.k ± 7.6 

51.1 + 11.1 
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Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 125, Taxonomy and Ecology of disease bearing mosquitoes of 
Southeast Asia 
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23.   (u) To develop reliable in vitro procedures by which large quantities of relatively 
pure malarial sporozoites can be produced for malaria vaccine development studies. 
Also, to develop mosquito tissue culture systems  for studies on pathogen invasion 
and growth dynamics in invertebrate tissue. 

2h.   (u) Development of culture media which will support growth of invertebrate stages 
of malaria parasites.    Development of various techniques for the isolation and 
purification of individual stages of parasite.    Evaluation of mosquito life cycle 
stages for suitability for establishing primary cultures. 

25.   (U. 69 07 - 70 06.    Separation of the various erythrocytic stages of Plasmodium 
cynomolgi has been substantially increased by substituting a discontinuous density 
gradient for the  linear gradient previously used.     The separation of gametocytes 
from mature schizonts  is not complete and efforts are continuing to refine the 
technique still further.    Tissues and cells fiom one additional mosquito species. 
Culex restuans,  have been placed in primary culture.    For technical reports see 
Walter Seed Army Institute of Research Annual Progress Report 1 Jul 69 - 30 Jun 70. 

»A^»**j2*^22j2£ä2JSS»MiSNä£WB£5Si 

DD.:o.:"J498 PnCVlOU*  KOITIONt OF   THIS FORM ARC OBSOLKTK-     DO  FORMS 14*«*.   1   NOV «B 
AND  14t»-1.   t   MAR •• (FOR  ARMY Utl) ARK OSSOI-KTK. 
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Project 3A663713D829, MALARIA ERÜEHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 126, In vitro cultivation of mosquito tissues and malarial 
parasites 

Investigators 

Principal: Imogene Schneider, Ph.D. 
Associate: CPT Darrell E. Bay, MSC 

Description 

This investigation involves 3 major areas: (l) the use of an 
in vitro system for the collection of large numbers of sporozoites 
free or virtually free of mosquito tissue, (2) the use of density 
gradients to isolate the sporozoite stage from mosquitoes and the 
gametocyte stage from the other blood forms and (3) the development 
of primary and established cell lines from a selected number of mos- 
quito species for subsequent utilization in arbovirus research. 

Progress - 

1. Cultivation of malaria parasites and mosquito tissues 

Prior work on culturing the mosquito phases of malaria parasites 
has made it abundantly clear that little information is gained using 
the oocyst stages.    Assuming a reasonably adequate medium, the older 
oocysts, having already differentiated, will mature in vitro and re- 
lease their sporozoites within 12 to kQ hours.    The use of younger 
oocysts, which would place more stringent demands on the culture system, 
is theoretically desirable but unfortunately impractical due to the 
great difficulty of dissecting such stages from the mosquito host.    It 
therefore seemed advisable to attempt the culture of the initial, e.g., 
gametocyte, stages assuming these could be obtained in sufficient numbers 
The technique being employed to isolate the gametocytes from the other 
blood stages is that of density gradient centrifugation. 

Plasmodium cynomolgi blood forms, predcaninently gametocytes and 
schizonts, after isolation on density gradients were cultured in medium 
alone or together with cells from an established line of Anopheles 
stephensi.    The culture chambers, microtest tissue culture plates, were 
prepared one day in advance.    Thirty of the wells were filled with 
15 M.1 of medium, the remaining wells with an equal amount of medium con- 
taining A.  stephensi cells (lO6  cells/ml).    Approximately 1 11I of blood 
forms was added to each well the following day.    Four series of 60 
cultures each were completed but all were unsuccessful.    Further attempts 
will be postponed until the gradient technique can be perfected (see 2a 
below). 
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Attempts to obtain adequate numbers of P. cynomolgi ookinetes for 
cultiiring, using the capillary tube method were also unsuccessful. 

2a. Isolation of the gametocyte stages from the other blood forms 

Rowley et al. reported the partial separation of the blood forms 
of Plasmodium berghei in different fractions of a bovine serum albumin 
gradient. In linear gradients having densities varying from l.Ch  to 
1.09 gm/cm3 the ring forms predominated in the heaviest fractions and 
the mature schizonts in the lightest fractions with the trophozoites 
banded in between. The gametocytes were apparently distributed more 
or less randomly in the upper half of the gradient. In attempting to 
use identical gradients for isolating the various blood stages of 
P. cynomolgi a number of difficulties were encountered. Since a large 
number of blood cells were found at the bottom of the tube following 
centrifugation the density of the heaviest fraction was increased from 
1.09 to 1.17 gm/cm3 (at k  C). Although this adjustment resulted in 
moving the densest fractions well above the bottom of the tube, con- 
siderable difficulty was met in preparing such gradients with a conven- 
tional gradient former due to the viscosity of the bovine serum albumin. 
The use of Renografin-albumin gradients mitigated this problem but 
introduced a far more serious one; namely, the blood cells had somewhat 
crenated outlines after a run. Eleven subsequent gradients were prepared 
in which the percentages of Renografin and albumin were altered while 
retaining the appropriate densities. The percentages having the least 
adverse effect on the blood c^ls were 1% BSA/ 20^ R (l:l) and 30$ 
BSA/60$ R (1:1). 

The use of a linear gradient has been temporarily by-passed in 
favor of a discontinuous gradient. Seven runs have been made with the 
latter. Since these gradients are prepared by hand the viscosity of 
the albumin presents little problem. Gradients ranging from kO to 80 
percent in 10 percent increments are presently used. The separation of 
gametocytes frctn mature schizonts is still not complete and efforts are 
contunuing to refine the gradient still further. 

Two other difficulties have not been completely resolved. It is 
impossible to fractionate the gradient by bottom puncture since the 
blood, whether heparinized or defibrinated, has a tendency to cling to 
the sides of the tube as it drains. Withdrawing the fractions from the 
top or by side puncture both have disadvantages but presently the latter 
method is used. The other problem involves the removal of the albumin 
once the appropriate fractions are isolated and prior to being placed in 
culture. Repeated washing followed by centrifugation effectively removes 
the albimn but results in the loss of numerous cells. Volumes of diluent, 
speed and length of centrifugation and numbers of cells retained are now 
being quantitated in order to obtain maximum clearance of albumin at 
acceptable levels of cell loss. 
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2b. Isolation of malaria sporozoites on density gradients 

It is anticipated that the sporozoites isolated from either the 
culture system or from the gradients will serve as a source of malarial 
antigens for iramunological studies. 

Further refinements have been made in this technique primarily to 
assure as tight a banding of the sporozoites as is possible with the 
gradient forming materials used, namely, Renografin (methylglucamine 
diatrizoate with additives) and bovine serum albumin-fraction V. The 
linear gradients now routinely used are prepared from 1% BSA/ 20fo R 
(1:1. density = 1.06 g/cm3) and 30$, BSA/ 56^ R (1:1, density = 1.15 
g/cm ). Sporozoites of both Plasmodium gallinaceum and P. cynomolgi 
band most heavily in fractions 11 and 12 (density = 1.12 g/cm"3). 

Four gradients can be run concurrently using the HB-h  rotor in an 
RC-2 refrigerated centrifuge with each gradient capable of handling 
material from 1000 mosquitoes. On the average, k  x ID7 P. gallinaceum 
sporozoites can be recovered from the peak fractions of any one gradient 
(data obtained when donor mosquitoes had a 70-90^ infection rate with a 
mean oocyst count of 75 per midgut). Since the isolation procedure is 
considered reasonably efficient the yield can be most readily increased 
by using larger quantities of mosquitoes. 

To avoid overloading any one gradient, a continuous flow system is 
now being used with an SS-3^ rotor. Six runs hav? been made thus far 
with the maximum mosqaitc sample tested being 5000. Recycling of the 
diluent, e.g., the lower density mixture, through the flow system an 
average of k  times has been required to ensure transfer of the majority 
of the sporozoites to the tubes. The necessity for recycling will prob- 
ably be eliminated once the appropriate flow rate is detennined. As- 
suming that problem can be solved the system should be capable of 
handling a 10-fold increase in same size without overloading. 

3. Development of primary and established cell lines from mosquitoes 
of the genus Culex 

The utilization of insect cell cultures for studying various aspects 
of the pat'iogsnic cyclas of vii-al, protozoan and bacterial agents having 
an insect vector or reservoir is well recognized. Unfortunately, the 
number of lines currently available for such studies is decidedly inade- 
quate. In a number of instances, the lack of appropriate cell cultures 
has ."".eft investigators with little alternative but the use of an atypical 
pathogen-vector culture system. The tenuous nature of many of the con- 
clusions drawn from such studies is readily apparent, especially so in 
those instances where the pathogen-vector relationship is a highly specific 
one. In anticipation of conducting comparative studies involving in vivo 
versus in vitro invasion and replication of a number of arbovr'r'uses, cells 
from several species of the genus Culex differing markedly in their vector 
capacity were selected for cuituriiig. 
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Forty-four primary cultures of Culex tritaeniorhynchus were 
initiated from August to November 15^9^ Methods of collecting and 
sterilizing the eggs, mincing the 1st stage larvae and subsequent 
trypsin treatments were identical to those used for initiating cell 
lines from Anopheles Stephensi. The medium was identical to that used 
for the Anopheles lines with minor exceptions: the concentration of 
sucrose was lowered, those of glucose and NaCl raised and Bactopeptone 
added. 

The pattern of development in the primary cultures was identical 
to that first described for Aedes aegypti cells. Cell growth, in the 
form of spherical monolayers issuing from the ends of the larval frag- 
ments, was evident within a week after the cultures had been set up. 
After U to 6 weeks in primary cultures, the spheres were excised, 
subjected to mild trypsin treatment and reseeded into the same flasks. 
Subcultures were made approximately 2 weeks later, the inoculum con- 
taining a minimum of 10* cells/ml. The cells do not attach firmly to 
the surface of the glass flask and can be removed by pipetting. 

The cells range from 5-17|i in diameter and 28-60|i in length. Epi- 
thelial-like, round and fibroblast cells are present with the latter 
predominating. Confluent monolayers are not formed as of the 8th sub- 
culture but rather the cells grow in large scattered patches. Prelim- 
inary chromosome counts indicate the majority of cells are diploid (2n?s6). 

Eighteen primary cultures of £.  salinarius were initiated between 
December 1969 and February 1970. Development of these cultures dif- 
fered from those of C. tritaeniorhynchus only in that the cell spheres 
usu' lly reached greater diameters and could be dislodged from the larval 
fragments by gentle pipetting of the medium. In primary cultures, the 
cells are predominently epithelial in appearance and quite uniform in 
size, ranging from 10-20^ in diameter and 25-^5n in length. Subculturing 
has not yet been attempted. 

Conclusions and reconaaendations 

1. A culture system has yet to be designed which will support the 
growth and differentiation of the entire mosquito cycle of the plasmodia. 
The more advanced stages, e.g., the older oocysts, are readily obtain- 
able and can be placed in culture without difficulty. Since they have 
completed most of their development in vivo culturing such stages 
provides relatively little information on the adequacy of the medium or 
of the culture system as a whole. The reverse holds true for the 
younger stages but, unfortunately these stages are not readily obtain- 
able. Utilizing the technique of density gradient centrifugation for 
isolating the gametocytes from the other blood forms shows much promise 
and emphasis should be placed on making it truly effective for this 
purpose. 
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2. The isolation of massive numbers of sporozoites on density 
gradients is perfectly feasible and limited only by the numbers of 
infected mosquitoes available. Small adjustments in the technique may 
have to be made but future vork should concentrate on using the sporo- 
zoites so isolated for EM, immunological and other studies. 

3. In all likelihood, cells from any given mosquito species 
could survive and proliferate in culture with the media and methods 
now available. Primary cell cultures are most easily initiated from 
explants of the 1st stage larvae. Subculturing the cells and estab- 
lishing cell lines is possible but, of course, much more difficult and 
time consuming. 
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23(u) Study susceptibility of chimpanzees and other primates to infections of human 
malaria.    Study the characteristics of drug resistant strains, provide high density of 
parasites for morphological and biochemical studies.    Conduct physiological and 
pathological studies of malaria and provide test animals for cheraotherapeutic and 
immunological investigations. 

2k{\}) Infect splenectcmized, drug treated chimpanzees and other primates with plasmodia 
of human origin.    Observe the extent and duration of parasitemias,  study the response 
of different strains to chemotherapy,   study susceptibility to reinfection with 
homologous and heterologous strains. 

25(u) 69 07 70 06 Plasmodium falciparum infections in owl monkeys, Aotus trivlrgatus 
are always fatal within 5 and 18 days depending on size of inoculum.    While parasitemia 
is below 5-10 percent only ring forms seen.    Above this all  erythrocytic forms are 
present.    Sometimes spontaneous bleeding occurs from nose and intestinal tract and 
clotting times at needle punctures are increased greatly.    Usually at death U0-60 per 
cent of RBC's are parasitized.    Most striking hematologic change is in reduction of 
number of platelets.    A few days before death platelet counts fall to from 20 to 1+0 
thousand.    Following serum biochemical values changed significantly during infection: 
total protein decreased, glutamic oxalacetic transaminase increased,  glucose decreased 
and complement decreased.    Variety of lesions found in liver, lung and kidney similar 
to human cases of P, falciparum, but norma, monkeys had lesions which made evaluation 
difficult.    For technical reports see Walter Reed Army Institute of Research Annual 
Progress Report, 1 Jul 69 - 30 Jun 70. 
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l) Project 3A663715D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 127, Test systems for Plasmodium falciparum 

Investigators. 
Principal: Elvio H. Sadun, Sc'.D., Lib. Doc. 
Associate: CPT J. S. Anderson, VC; CPT A. J. Johnson, VC; 

SP5 A. Reyes, Jr.; B. T. Wellde 

1. Paras it ologic, hematologic, "biochemical and pathologic investi- 
gations of Aotus monkeys infected with Plasmodium falciparum. 

After a period of adaptation, the Malayan Camp, strain of Plasmodium 
falciparum produces consistent predictable infections in intact Aotus 
monkeys. At present the infection is almost always fatal with animals 
dying with a parasitemia of Uo-80^ five to eighteen days after inocu- 
lation, depending on the size of the challenge. While fewer than 10 
percent of the red-blood cells are parasitized, ring forms predominate 
in the peripheral blood and mature forms in the blood of deep organs. 
As higher parasitemias are reached all erythrocyte forms are present in 
the peripheral blood and aggregates of erythrocytes containing mature 
trophozoites and schizonts are commonly seen in the blood of the deep 
organs. Although immature gametocytes were seen in monkeys in early 
passages they appear only rarely now. Spontaneous hemorrhages occur in 
the infected monkeys and are most common from the nasal and gastro- 
intestinal tracts. Baseline hematologic values from approximately 
75 non-malaria infected monkeys have been determined and compared to 
those of infected monkeys. Progressive decreases occur in red cell 
parameters (RBC, Hgb, Hct) as the infection progresses. White blood 
cell numbers appear to be depressed early in infection but may rise to 
high levels in animals surviving longer than twelve days. This rise is 
accompanied by an increase in the number of mononuclear cells. Plate- 
lets were reduced to 10-20 percent of their original numbers. Serum 
transaminase levels in 50 non-infected monkeys were compared with those 
of infected animals. Relatively high SCOT (mean 15^) and SGPT (mean U7) 
were found in normal monkeys. These values agree with those of others 
who reported high transaminase levels in the sera of new world monkeys. 
Infected monkeys showed terminal increases in both SG0T (mean 265) and 
SGPT (mean 12k)  levels. Serum urea nitrogen levels were increased 
four-fold in terminal serum samples when compared to controls. Fasting 
glucose levels were depressed in infected monkeys and levels of serum 
complement appeared to fall. Total serum protein and electrophoretic 
determinations were made also. High levels of alpha-2 globulins were 
found in both groups of animals. About one-third of all monkeys showed 
an albumin polymorphism which consisted of a split or double albumin 
peak which consistently appeared on repeated tests. Malaria infected 
monkeys had lower total protein values which were reflected in reductions 
in both albumin and gamma globulins. 
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A variety of lesions were observed in the experimental monkeys; 
many of these seen in the liver, lung, and kidneys were like those 
described from human cases  infected with P.  falciparum.    Lesions found 
in  "normal" monkeys made evaluation of tissue responses to malaria 
difficult. 
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Table 1 

Hematology of "Normal" Aotus Monkeys 

No. 
Animals Mean S.D.*- Median Range 

RBC i/mtß) 157 5.17 .81+ 5.01+ 3.50-7.7^ 

Hct {%) 157 h2.0 5.1+ ^2.0 31.0-56.0 

Hemoglobin (gm %) 60 Ik.3 1.1 11+.2 11.9-16.0 

Reticulocytes  {%) 78 2.k 1.7 2.3 0.1-10.6 

MCV (M
3
) 157 82.1+ 11.9 81.6 61.7-118.1+ 

MCH (Picograms) 60 26.9 3.1 26.5 21.7-37.7 

MCHC  (%) 60 3^.1 3.1 3^.3 29.6-39.^ 

Platelets (/mm3) 63 397.1 109.1+ 390.0 201+-731+ 

WBC's  (/mm3xl03) 157 12.7 ^.7 11.7 3.2-28.5 

Differential {%) 

Neutrophils 157 55.»+ 7.6 58.O 13-91 

Eosinophils 157 9-5 9.2 7.0 0-37 

Mononuclear 
lymphoid 

157 35.3 I8.3 35.0 5-80 

Basophils 157 <0.1 0.0 0-1 

•^Standard Deviation 
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Table h 

Serum Proteins  of Aotus Monkeys gnu'./lOO ml 

Normal Infected 

No. No. 
Animals Mean Range Animals Mean Range 

Total protein 75 7.0 ^.9-10.2 21 6.1 1+.7-7.6 

Albumin 75 2.7 1.2-1+.2 21 2.2 1.5-3.2 

Alpha-1 globulins 75 0.3 0.2-0.5 21 0.3 0.2-0.6 

Alpha-2 globulins 75 1.3 0.7-2.1+ 21 1.2 0.7-1.7 

Beta globulins 75 1.0 0.6-1.3 21 1.1 0.5-2.0 

Gamma globulins 75 1.8 1.0-2.9 21 1.1 0.5-1.8 

Table 5 

Serum Chemical Values of Aotus Monkeys 

Normal Infected 

No. 
Animals Mean Range 

No. 
Animals Mean Range 

Transaminase 

SG0T 75 153 1+9-326 16 282 118-575 

SGPT 75 ^7 21-121 16 12k 66-275 

Serum urea nitrogen 
Mg% 

56 Hi. 7-26 28 59 19-170 

Uric acid Mgf0 56 0.5 0-2 28 l.k 0-5 

Glucose Mgfo h3 113 27-220 5 30 16-51 
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Table 6 

Naturally Occurring Blood Parasites 

Incidence of: 
No. Animals   

Examined Malaria Microfilaria TrTpanosomes 

209 0 52 

Intestinal Parasitef. of Aotus Monkeys 
(51 Specimens) 

Protozoa 
Trichomonas sp. 7 
Giardia sp. 2h 
Entamoeba sp. i+ 
lodamoeba sp. 1 
Chilomastix sp. 1 

Helminth ova 

Nematodes 5 
Trematodes 1 
Cestodes 1 
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23(U) To evaluate the role of humoral and cellular factors in determining susceptibility 
of hosts to malaria, for the maintenance of the complete life cycle of malaria in the 
laboratory, to find a laboratory animal suitable for the production of large amounts of 
infected blood for immunological and biochemical studies. 

2k{\j)  To test a variety of rodent species for natural susceptibility to P. berghei. 
Attempt to increase susceptibility by splenectomy and chemical treatment.    Standardize 
the course of infections quantitatively.    Evaluate the mechanism of antibody action on 
host and parasite, and characterize antibodies responsible for these activities.    Study 
the effects of antibody on the parasite and on the host. 

25(U) 69 07 - 70 06 Twenty to 60 percent of mice immunized with irradiated parasites 
survived challenge.    Some mice resisted challenge for 8 months.     Immunized mice 
developed mild reticulocytosis,   slight fall in hematocrit,  markedly enlarged spleens 
and elevated gamma globulin.    Mice splenectomlzed before immunization were not 
protected when challenged,  but they were  slightly resistant when splenectomlzed after 
immunization.    Three of 7 Aotus monkeys resisted challenge after immunization with 
irradiated Plasmodium falciparum.    For technical reports see Walter Reed Army Institute 
of Research Annual Progress Report,  1 Jul 69 - 30 Jun 70. 
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Project 3A6637I3D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 128, Natural and acquired immunity in rodent malaria 

Investigators. 
Principal: Elvio H. Sadun, Sc.D., Lib. Doc. 
Associate: N. T. Briggs; OPT L. T. Quigg, MSC; SP5 A. Reyes, Jr; 

B. T. Wellde 

1. Resistance to malaria infections produced by irradiated parasites. 

The exposure of P. berghel infected erythrocytes to radiation levels 
of 19 Kr or greater prevented the replication of the parasites in both 
rats and mice. Injections of these irradiated cells stimulated a 
resistance to challenging infections. Rats given one injection of 
irradiated parasitized cells developed a significant resistance which 
was strengthened by repeated immunizations. Although mice showed no 
protection after one or two immunizations they developed increasing 
levels of resistance when from three to ten immunizing injections were 
given. From 20-60 percent of the immunized mice survived the challenging 
infections while control mice always succumbed to the infection. Im- 
munized mice appeared to control the parasitemia by limiting parasites 
mainly to reticulocytes while parasites in control mice invaded large 
numbers of mature erythrocytes. After immunization some mice showed 
resistance to challenge for as long as 8 months. Mice immunized with 
irradiated parasitized cells developed a mile reticulocytosis, a slight 
fall in hematocrit values, markedly enlarged spleens and elevated gamma 
globulin levels. Passively transferred serum from immunized mice con- 
ferred a slight but significant suppression of parasitemia in test mice. 

Several experiments were done to evaluate the role of the spleen 
in the increased resistance in immunized mice. Mice which were splenec- 
tomized before immunization showed no protection after challenge when 
compared to controls. When splenectomy was performed after immunization 
only a slight resistance to challenge was observed. 

Immunization with erythrocytic forms of P. berghei yoeli did not 
prevent the establishment of infections after sporozoite challenge, 
but the infections were rapidly controlled and parasites were cleared 
from circulation much sooner than in control mice. 

Immunization of Aotus monkeys with P. falciparum infected erythro- 
cytes irradiated at 25 Kr was also shown with 3 and k  immunizations. 
Three of f  immunized monkeys survived a challenging infection while 13 
controls succumbed with high parasitemias. Some immunized monkeys 
developed hemagglutinating antibody titers before challenge and surviving 
monkeys showed rapidly rising titers which persisted for at least 12 
weeks. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 129, Host responses to malaria 

Investigators, 
Principal:    Elvio H. Sadun, Sc.D., Lib. Doc. 
Associate:     CPT L. W. Scheibel, MSC;  S?k W.  K. Pflaum 

1.    Carbohydrate metabolism in Plasmodium knovlesi. 

Early studies of the metabolism of the malaria parasites led Moulder 
to conclude "that the malarial parasite possesses the same mechanisms for 
the breakdown of glucose as does its vertebrate host  ..."    However,  in 
196l this  concept was questioned when Bowman et al., Bryant and Voller, 
and Bryant et al.,  could not substantiate the existence of a tricarboxylic 
acid cycle in the rodent malaria Plasmodium berghei and P. vinckei. 

Scheibel and Miller reported that P. knowlesi parasites separated 
from host blood cells did not incorporate sufficient quantities of C-^ 
labeled glucose into respiratory COg to account for the occurrence of 
either a tricarboxylic acid cycle or a pentose phosphate pathway as 
quantitatively significant sequences.    These findings are  compatible with 
the studies of Bowman et al., who concluded that pentose phsophate  shunt 
activity was insignificant in P. berghei.    In addition, Fletcher and 
Maegraith could not demonstrate glucose-6-phosphate dehydrogenase or 
6-phosphogluconate dehydrogenase activity in extracts of liberated 
P. knowlesi.    Barnes and Polet suggested that the parasite may utilize 
the pentose phosphate pathway of the erythrocyte host.    Scheibel and 
Miller reported the rate of glucose utilization remained constant under 
atmosphere of 100^ N2 or air,  indicating the absence of a Pasteur effect. 
These authors were unable to detect the^resence of glycogen within 
P. knowlesi after incubation in a glucose medium, and lactate formation 
alone could not account for the glucose utilized,  suggesting that other 
products were accumulating.    A similar observation had been made by 
Silverman et al, using P. gallinaceum infected chicken erythrocytes. 
Therefore,  an attempt was made to account for all glucose used in terms 
of products formed. 

Except where indicated, parasites were isolated and incubated es- 
sentially as described by Scheibel and Miller.    In those experiments 
where pyruvate was employed as substrate (Table 9) glucose 0.008$)  was 
present only in the first wash fluid.    Incubations were carried out in 
either 95(/o No,  5$ COp or 95$ air,   5f0 COg as indicated,  and contained 
Träger's high potassium medium with 0.002 M adenosine triphosphate   (ATP, 
P-L Biochemicals Inc.), 0.005 M sodium pyruvate (Boehringer and Soehne), 
0.0325 M reduced glutathione (GSH,  Boehringer and Soehne),  0.013 M co- 
enzyme A (P-L Biochemicals Inc.)  as Träger has shown these components 
promote in vitro longevity of the parasite.    Reactions were terminated, 
carbon dioxide was trapped, glucose,  lactate and protein were assayed 
as previously described. 
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Neutral and acid volatile compounds were obtained by steam distil- 
lation under neutral conditions followed by acidification of the fermen- 
tation mixture with 1 M ^POl^ and further steam distillation.    Radio- 
activity in aliquots of each fraction was determined in a scintillation 
spectrometer.    The acid volatiles were neutralized, then concentrated by 
evaporation.    Acetate and formate were separated chromatographically on 
buffered celite colums. 

Succinate was isolated from the residue of the steam distillation 
after oxidizing the mixture with KMhO^ to decompose contaminating lactate 
a major metabolic end product of the parasite.    Succinate, which is 
resistant to KMnOl^. oxidation, was reisolated by continuous ether extraction, 
and chromatographed from acid celite columns. 

Lipids were isolated and counted in a scintillation counter to 
determine the incorporation of radioactive glucose carbons into the lipid 
fraction.    Keto acids were isolated by ether extraction and the 2,  4-di- 
nitrophenyl hydrazone derivatives prepared.    Unreacted 2, U-dinitrophenyl- 
hydrazine was removed by ether extraction from the alkaline solution, and 
the keto-acid derivative reextracted with ether after acidification.    The 
isolated compounds were separated by means of ascending paper chromatog- 
raphy using butanol saturated with water as solvent. 

Glycogen was quantitated by the enzymatic micro-procedure of Bueding 
and Hawkins.    Glycerol was determined according to the method of Wieland 
and alpha glycerol phosphate was assayed by the method of Hohorst. 

Pyruvate was determined according to the method of Bücher,  et dl. 
except for the substitution of 0.5M glycyl glycine buffer in place of 
O.ku triethanolamine buffer.    The parasite pellet was washed repeatedly 
with water until there was an insignificant amount of radioactivity in 
the wash fluid.    Then the pellet was digested in hyamine hydroxide at 
600C for 6o minutes prior to counting. 

Glucose-6-C1^ utilization and formation of lactate, keto acids, 
lipids and C02«    Free parasites were suspended as described above and 
the following were determined:    glucose disappearance, lactate formation 
and the incorporation of radioativlty into respiratory CO2, keto acids 
and lipids.    Results are recorded in Table 7.    Although experiments 1 and 
2 can not be compared directly, results pertaining to glucose utilization 
and lactate formation are in conformity with previous findings of Schiebel 
and Miller.    Glucose utilization varies with each parasite preparation, 
but lactate accumulation is consistently higher in an anaerobic environ- 
ment.    Unfortunately, the source of lactate in these experiments can not 
be determined,   since large quantities of pyruvate as well as glucose were 
present, and radiolsotope Incorporation into lactate was not determined. 
On the other hand,  the low levels of isotope incorporation from glucose- 
6-C^ into CO2, keto acids and lipids indicate that these are not quanti- 
tatively significant end products of glucose utilization. 
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contamination catabolizes carbohydrate via glycolysis. The physiological 
significance of a tricarboxylic acid cycle as an energy pathway, however, 
is seriously questioned, since (l) the incorporation of C^ glucose into 
CO2 is negligible and the tricarboxylic acid cycle pathway requires the 
formation of CO2 from this substrate, and (2) all of the glucose utilized 
can be accounted for in end products other than CO2. In this regard, 
it would also appear that the hexose monophosphate shunt does not con- 
tribute significantly to the energy metabolism of the free P. knowlesi 
parasite. It has been suggested that the parasite depends upon the 
host red blood cell for the shunt pathway. Contrary to earlier studies, 
products other than lactate were found to accumulate in large amounts 
during the fermentation of carbohydrate by P. knowlesi. Of particular 
significance were the volatile acids and neutral volatile fraction". 
The constituents of the neutral volatile fraction have not been identi- 
fied. Similarly, only acetate and formate have been separated from the 
volatile acid fraction. Although large quantities of lactate are formed 
in these experiments (Tables 7 and 8), the actual amount arising from 
glucose can not be determined, since high concentrations of pyruvate 
were also added to the media. It can be estimated, however, that most, 
if not all, of the glucose carbons dissimilated can be accounted for in 
these experiments, therefore adding additional evidence that the terminal 
respiratory pathway present in most tissues of the mammalian host is 
not functional in the parasite. 

Although the mechanism of formation of acetate by the parasite is 
still not known, pyruvate may serve as a precursor. What one carbon 
precursor is liberated from pyruvate can not be determined from these 
experiments. However, acetate is formed from glucose without the 
liberation of significant quantities of respiratory C02« This finding 
would suggest formate as a possible one carbon fragment, by a phosphoro- 
clastic type reaction similar to that found in some bacteria. Formate 
is formed during P. knowlesi fermentations, but has not been recovered 
in sufficient amounts to account for all the acetate formed. Whether 
this is a result of the high volatiligy of formate (and, therefore, 
difficult to recover quantitatively) can not be determined at this time. 
Formate and acetate were previously reported to be products of P. berghei 
metabolism (Fulton and Spooner, 1956). However, no quantitation was 
attempted in these earlier studies. 

The lack of a highly efficient aerobic terminal respiratory pathway 
in terms of maximum ATP production per glucose utilized would be in 
accord with the findings of Träger who showed an in vitro dependence of 
free P. lophurae parasites for survival on externally added ATP. Further 
studies showed either adenosine triphosphate plus pyruvate or adenosine 
diphosphate plus phosphoenolpyruvate favor parasite development. It 
was concluded that the parasites might be deficient in ATP generating 
systems. Brewer and Powell (1965), Brewer and Coan and Eaton and Brewer 
have reported that P. falciparum, P. berghei and P. cynomolgi respectively 
develop more rapidly in hosts whose red blood cells had a high ATP 
content. 
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From these findings, it would appear that P. knowlesl, like all of 
the parasitic helminths studied and many other parasitic protozoans, is 
not capable of completely oxidizing substrates to CO2, indicating again 
a limited terminal respiration. It has been demonstrated that the para- 
sitic helminths Hymenolepis diminuta and Ascaris lumbricoides both lack 
a tricarboxylic acid cycle, but both are capable of synthesizing electron 
transport associated ATP by non-glycolytic pathways. The possibility 
arises that the oxidative conversion of pyruvate to acetate by P. knowlesi 
may be associated with a similar energy yielding pathway. 

It has been demonstrated for the first time that a malarial parasite 
partially ferments carbohydrates to neutral volatile products. Although 
this was surprising, it is by no means unique. A broad spectrum of 
neutral volatile compounds are formed by bacteria, parasitic protozoa, 
such as trypanosomes and parasitic helminths. 

It has been shown that the malaria parasite is capable of incorpor- 
ating radioisotope from C1^ glucose or NaHC^Oo into glutamic acid, 
alanine, and aspartic acid as well as citrate, malate and succlnate. 
This should not be taken as evidence that these parasites have a Krebs 
cycle since incorporation in terms of ß  moles of substrate into these 
products are very low. Many bacteria and parasitic helminths have 
"altered their metabolism" so that there is no terminal respiration of 
acetate and the tricharboxylic acid cycle no longer functions as a 
terminal respiratory pathway. In spite of this, the synthesis of oxalo- 
acetate and alpha ketoglutarate, the precursors for aspartate and 
glutamate respectively, contines at a reduced rate. Under these con- 
ditiona the cycle is modi fed to form a branched biosynthetic pathway from 
oxaloacetate. One branch leads to succinate by a reductive reversal of 
the usual pathway. These reductions accept hydrogens from oxaloacetate 
resulting in a dismutation and the oxidative formation of alpha keto- 
glutarate. Such a system would agree with the findings reported above 
and those of Polet et al. Polet et al. in which P. knowlesi did not take 
up significant amounts of aspartic or glutamic acid into protein but 
synthesized it from glucose-C-^ . 

Even though cytochrome oxidase has been found in P. knowlesi, P. 
berghai and P. cynomolgi and more recently in P. falciparum, it fs not 
necessarily of physiological significance to the metabolism of the para- 
site in view of the absence of a Krebs1 cycle. In support of this, 
Cohen and Butcher found increased multiplication rates in P. knowlesi 
in vitro using 90% N2, 5^ CO2, 5^ O2 over that observed under 95%  air, 
"5f COg. The canine whipworm, Trichuris vulpis contains cytochrome 
oxidase but survives for longer periods under anaerobic conditions; 
Schistosoma mansoni also contains cytochrome oxidase and cytochrome c 
but these enzymes account for less than 10 percent of the oxygen taken 
up by this treraatode. It would be desirable, therefore, to determine if 
oxygen is truly significant to the overall energy metabolism of P. knowlesi, 
This, in turn, would allow for a more competent evaluation of the role of 
the cytochrome system in this parasite, if indeed, there is such a role. 
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2.    Cytochrome oxidase activity in platelet-free preparations of Plasmodium 

Cytochrome oxidase activity has been observed in the trophozoites 
and schizonts of P. berghei, P.  knowlesi and P.  cynomolgi, by the sensitive 
and specific spectrophotometric assay of Smith.    To determine possible 
differences between these and human plasmodia,  trophozoites and schizonts 
of P.  falciparum (Camp,  strain) were isolated from the blood of an experi- 
mentally infected owl monkey (Aotus trivirgatus)   and assayed for cyto- 
chrome oxidase as previously described.    Table 10 shows that P. falciparum 
like other species of malaria studied previously contains appreciable 
amounts of cytochrome oxidase activity. 

Table 10 

Cytochrome Oxidase in P. falciparum 

Cytochrome Oxidase Activity 

mu Moles Cytochrome c   m  Moles Cytochrome c 
Percent   oxidized/min/ml protein  oxidized/min/ml blood 

Parasitemia  Supernatant Residue  

kO 1.21       9,2k 1.77 

0        -        - 0.67 

The metabolic value of this enzyme in P. knowlesi was studied and 
reported elsewhere. It was shown that this-parasite does not rely on a 
functional tricharboxylic acid cycle for ATP (adenosine triphosphate) 
synthesis and no Pasteur Effect is demonstrable. Very little incorpor- 
ation of isotope from glucose C1^ in COg was found as would be expected 
if an active tricarboxylic acid cycle were operating. Essentially all 
of the glucose utilized was accounted for in products other than CO2. 
Cohen and Butcher also showed evidence of increased multiplication rates 
in 90%  Ng, % C02 and % O2  in P. knowlesi over that observed under 9% 
air 5^ C02. These findings are in line with results obtained with other 
parasites indicating that the mere presence of an ezyme such as cytochrome 
oxidase does not prove it is important to the over-all economy of the cell. 
Trichuris vulpis contains cytochrome oxidase but survives longer under 
anaerobic conditions. 
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Project    3A663713D829    MALARIA PROPIDfLAXIS 

Task 00, Malaria Investigations 

Work Unit 130,  Collection and retrieval of malarial test data 

Investigators 
Principal:     Edgar H.   Eckermann, ITC,  VC 
Associate:     Robert 0.   Pick, CPT, MSC;  John F.  Waters, June A. 

Schäfer 

Description 

The antlmalarial  drug development program of  the Division of Medicinal 
Chemistry is highly dependent upon computer  programming for the data 
collection and retrieval which is an Important aid in guiding this pro- 
gram.    Maintenance of  Inventory records, accession of new compounds, 
distribution of  samples and compound information are controlled through 
computer programming.    The chemical synthesis program Is highly dependent 
on data assembled through an interface of chemistry,  biology and  inven- 
tory files which permit searching of files by chemical  structure,  bio- 
logical activity,  submitter,  inventory  status,  or any combination of 
these parameters. 

Progress 

A. Inventory Control 

The computer system for control  of chemical  Inventory was 
operated routinely on a commercial computer during this report  period. 
Programming has been written under contract to Computer Usage Corporation 
to convert this  system to the newly installed computer at the Walter Reed 
Army Institute of Research.    A period of one month has been authorized to 
run this system in parallel  on the two machines to eliminate programming 
and operational  problems.     During reprogramming,  new features were added 
to Increase the usefulness of this system.     Under the new system, 
routine orders for shipments of newly accessioned chemicals is accom- 
plished by machine.     Reports on all newly accessioned chemicals were 
possible. 

B. Biological  Data 

Programming was produced to process data not previously  pro- 
cessed by computer.     This  included programming for the mosquito test 
system operated by L.  A.   Terzian at the National  Naval Medical  Center, 
The Insect Repellent Test System operated by the Department of Agricul- 
ture, and the sporozoite-mouse test  system operated by Illinois 
Institute of Technology.    These    progra-us included necessary provi- 
sions for interfacing with chemistry and Inventory.     This work was 
accomplished through continuation of a contract with Advanced Computer 
Techniques,  Inc.     A study was begun to determine the feasibility of 
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converting to the WRA.IR computer without modification, those biology 
data programs written in COBOL. 

C. Interface of Files 

Work was begun on carrying shortened records through inter- 
face with edit with expansion occurring post-merge. This was made 
necessary by the rapid growth of chemistry and biology files. 
Work has been completed but has not been tested. Modification in 
the interface was made to allow the interface of inventory files 
with chemistry and biology. A study was initiated to determine the 
most economical method of creating indexes for chemistry and/or biology 
files. Programming in this area was accomplished through contin- 
uation of a contract with the Service Bureau Corporation. 

Summary and Conclusions 

Programming for new biology test systems have been accomplished 
and provisions have been made to interface inventory records with 
chemistry and biology data. Conversion of the inventory system 
to the WRAIR computer is near completion and planning for conversion 
of biology systems is accomplished. 

! I 
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23. (U)  - Study pathophysiology of acute falclparum and vivax malaria, assess various 
modes of antimalarlal therapy with respect to clinical responses and radical cure. 

24. (U)  - Document clinical features of acute disease,  evaluate available therapeutic 
agents with respect  to clinical responae and radical cure,  provide surveillance for 
toxicity and efficacy testing of new antimalarlal agents by government contractors, 
provide expert consultation on treatment of resistant falclparum infections and secure 
new  strains  of malaria for  Introduction into the volunteer  test  program. 

25. (U)  69 07 -  70 06.     Since  the previous report,  16 patients have been treated at 
Walter Reed General Hospital  for  acute vivax malaria with single  C-P  tablets.     Twelve 
of   these have been observed  for  three weeks  and  four for one week prior  to routine 
curative doses of chloroqulne and prlmaquine.    There have been no relapses during the 
period of observation.     Twelve patients with acute  falclparum malaria have been  treated 
with Triraethoprlm and sulfalene with total doses of as great as 4.5 and 3 Gm 
respectively.     Six patients had  an R-l response,   and  four did not  recur during 30 day 
observation periods.    Three resistant falclparum strains have been frozen for later 
introduction into the prison volunteer program.    Three patients not  responsive to 
standard  antimalarlals have been  treated with WR 33063 and  all have  shown a sensitive 
response.     For  technical  reports  see Walter  Reed Army  Institute of Research Annual 
Progress  Report,   1 Jul  69 -  30 Jun  70. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 132, Clinical studies of human malaria 

Investigators. 
Principal: LTC Craig J. Canfield, MC 

Description. 

The objective of this work unit is to assess the clinical state and 
therapeutic response of patients to acute falciparum and vivax malaria, 
provide surveillance for toxicity and efficacy testing of new anti- 
malarial agents by contractors, provide expert consultation on treatment 
of resistant falciparum infections, and secure new strains of malaria 
for introduction into the volunteer test program.  In addition, the 
various aspects of the pathophysiology of the disease have been studied. 

Progress. 

Admissions tc Walter Reed General Hospital for acute malaria infections 
have continued in small numbers and a variety of therapeutic regimens 
have been employed to supplement prison volunteer drug evaluation. 

a. 1?. vivax.  During 1965-1966 vivax infections accounted for only 
2 percent of acute malaria admissions in Vietnam. Subsequently, this 
ratio increased and during a 9-month interval (May 1968 - January 1969) 
58 percent of infections in U. S. Army personnel were due to P^. vivax. 
During 1966 DDS became available and was added to the weekly C-P 
prophylaxis. DDS is an effective suppressant of JP. falciparum infections 
but is not considered active against P^. vivax. Although this change in 
chemoprophylaxis could explain a relative increase in vivax infections, 
a study was undertaken to evaluate the possibility that strains of 
£. vivax were present from Vietnam which were not responsive to the 
suppressive effect of the weekly C-P tablet.  Thirty U. S. Army military 
personnel with acute vivax malaria were treated with a single C-P tablet 
in Vietnam and are reported elsewhere.  Sixteen patients with acute 
vivax malaria were treated at Walter Reed General Hospital with single 
C-P tablets and observed for 3 to A weeks for evidence of therapeutic 
failure. All patients studied responded promptly to this therapy and 
did not recur during the periods of observation. Thus, the presently 
recommended weekly C-P tablet appears to be an adequate suppressant to 
naturally acquired P^. vivax from Vietnam. 

b. JP. falciparum. Occasional patients with falciparum malaria have 
been seen who have had multiple relapses following standard treatment 
with combinations of quinine, pyrimethamine, DDS, chloroquine, and 
sulfisoxazole.  Although the number is small only four were seen prior 
to January 1970 and seven have been seen since January at Walter Reed. 
Investigational drug regimens have been employed in these patients. 
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Under supervision of the principal investigator two additional patients 
were treated at Letterman General Hospital and two at Fitzsimons 
General Hospital. 

Twelve patients were treated with trimethoprime and sulfalene with 
total doses as great as 4.5 gm and 3.0 gm respectively. Six patients 
had an R-l response, four had a sensitive response, and results are 
pending on two. 

Six patients were treated with WR 33063, two In combination with 
sulfanomides and four without additional drugs. All patients responded 
and thus far have no evidence of recurrence. 

Blood from three of this latter group was preserved by freezing in 
glycerol for later introduction into the prison volunteer program. 
This is in addition to the Smith strain which was already distributed 
and a Panama strain which showed a R-l response to chloroquine. 
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Project 3A663713D829 MALARIA PROPHYLAXIS 
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23. (U) - To establish a rational approach in the prevention and treatment of acute 
renal failure associated with malaria. 

24. (U) - Animal models are belnp used to study the metabolic, henodynarHc and hormonal 
alterations which lead to kidney damape and failure in malarial infections. Chronic- 
ally implanted blood sampling tubes and physiological sensors have been used to study 
monkeys with malaria, thus avoiding the physiological disturbances caused by anesthesia 
and surgery. Completed work In this project showed that kidney failure in malarious 
monkeys occurs without a change in total kidney blood flow, suggesting that blood is 
shunted Inside the kidney.  Special sensors able to detect blood flow changes in lo- 
calized areas within an organ are being developed in order to study this possibility. 

25. (U) - 69 07 - 70 06.  Satisfactory plastics for encapsulation of radiation sensors 
have been found, and prototype sensors have been tested in experimental animals. Im- 
provement in signal to noise ratio of these implanted sensors has been achieved by 
changes in connector and cable design and use of Krypton 85 having high specific acti- 
vity.  This work is closely related to the activities of the Department of Cardio- 
respiratory Diseases and so is being carried out entirely within that department. 
Accordingly, this project is terminated and further progress will be reported under 
Work Unit 85. For technical reports see Walter Reed Army Institute of Research Annual 
Progress Report, 1 Jul 69 - 30 Jun 70. 
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Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 133, Acute renal Injury and failure In malaria 

Investigators. 
Principal: LTC Ray A. 01sson, MC 
Associate: Edward M. Khourl; Billy G. Bass 

Description. 

Animal models are being used to study the metabolic, hemodynamlc and 
hormonal alterations which lead to kidney damage and failure in 
malarial Infections; chronically Implanted blood sampling tubes and 
physiological sensors have been used to study monkeys with malaria, 
thus avoiding the physiological disturbances caused by anesthesia 
and surgery. Special sensors, able to detect blood flow changes in 
localized areas within an organ, are being developed in order to 
study intra-organ distribution of blood flow. 

Progress and Results. 

Lithium-drifted semiconductor devices for beta ray detection are 
being evaluated for the possible study of intrarenal and renal in- 
sufficiency. Encapsulation techniques have been developed and a 
cable of adequate flexibility, low noise, low capacitance has been 
achieved.  Two prototype units have been made and have helped to 
overcome further difficulties. To reduce the noise level further, 
a special stainless steel implantable coaxial connector has been 
designed and tested. The use of a bias amplifier has been found 
to help In further rejecting artifact noises. 

Conclusions. 

Ongoing work in this project is being incorporated into Project 
3A061102B71R, RESEARCH IN BIOMEDICAL SCIENCES, Task 02, Internal 
Medicine, Work Unit 085, The heart under abnormal and pathological 
stresses.  This document therefore constitutes a final report. 

1425 

"""  "'■■■'"-'-"■'■ ""*""   '"■■" " ' ' '   "  —- i        '    ' '"'■■"  ■"""■ ii.riWmmin.i.tT ■       »Inn  I „i^gggt^t/t^^^^t/i^if,,,^^^ 



Project 3A663713D829, MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 133, Acute renal Injury and failure In malaria 

Publications. 

None . 

1426 

'■ i ■■        i i ^^—^ 



u 
RESEARCH AND TtCHNOLOCY DORK UMT SUMMARY 

k. o*Tf PIICV tawfmv 

69 07 01 
«. KIMD OP SUMMAHV 

H.  Term 
10. MO./COOCt:* FftOOMAM ILCMCNT 

k. COMTMOUTIHG 

63713A 

CTJm412A(2) 

t. lUMHAdV KTr 

u 
PIWJCCT HUMaaH 

3A663/1JD8^9 

11   TITLt (p*ßmöm mtm SMMrttr cfMVIHMMai C«*J* 

DA 0A 6531 
SnaSwiT* 

NA 

I. OATI Of HHMtMir 

70 06  30 
> Mm MTini 

NL 
TAW AMCA NUMBC« 

w 

uvoirr GomwmoL trmmt 
DDDR*E(AR)6J6 

»PIOPIC DATA* 
COHTHACTOII ACCKU 

Qvil       DM 

I. LIVIk OP Mil 

A. «MK UMT 

«OMK UMIT NUMHK 

-nr 

(U) Malaria Screening Systems (09) 
It. tCIKHTIf IC AMD TICHHOLOOtCAL ANKAI1 

002300 Biochemistry      008800 Life Support 
armmran 
66 10 

it. COMTHACT/ORAHT MA 

* DATC»/EPPk.CT:VC: 

*». NUMOCM* 

C   TVPl; 

«. KIMO OP AWAND: 

t«.' kltiHATtO COMPLiFVlÖM OATI 

Cont 

4 AMOUNT; 

f. CUM.  AMT. 

It  nUPONklOLC OOO OROANISATION 

'Walter Reed Army Institute of Research 

""^Washington, D.  C.      20012 

MCS^OMtlOLC (MOIVIOUAk 

***$* Meroney,  COL W.  H. 
TCLtPHONI: 202-576-3551 
1. ( 

Foreign Intelligence Not Considered 

It- PUHOIMO AOIHCV 

DA 
tt. RCWURCM UTIMATC 

PIICAL 

VIAR 

69 

70 
m. MRPOMMHOOIIOANIIATIOM 

W. nnPÖMIAHCC MttOO 

C.   In-House 
A PROPCMIOMAi. HAN TNI 

T 

150 

150 

"•"«'Walter Reed Army Institute of Research 
Division of Biochemistry 

AOOntU:* Washington,  D.   C. 20012 

PRINCIPAL INVUTIOATOR fpuxM«* MAff II %f.g. «M^MüC fMlliMMam 

.«,«,•   Angel,  LTC C.  R. 
ft.»««..,   202-576-2211 
•OCIAL ICCURITV ACCOUNT MUMftfR:    

AHOCIA1 

NAMIl 

MAM«: DA 
ii. amm msas uoi m tsam BBBBSK! sa^ 

(Ü) Malaria Plasmod SPP;   (U) Mass  Screening Techniques;   (U) Automation 
:|. TCCPNICAL OSJICTIVK,* 14. APPNOACH,   tl rAOOHIU (FwmUt, fN«W«Mf emmg*** Hmll»** * » k mm ff.Mrilr clM.IAc.flm c**.) 

23. (U)  The measurement of antimalarial drug effectiveness against  the malaria parasite 
in the erythrocytic phase in vitro. 

24. (U)  Automatic wet chemical analysis subdivided into an  incubation phase and an 
analytical phase is being employed to define the ability of  the malaria parasite 
within the red cell to utilize nutrients or produce metabolites before and after 
incubation with chemical compounds under test for antimalarial activity. 

25. (U) 69 07 - 70 03 The automated analytical chemistry program of the Division of 
Biochemistry has absorbed this work unit. Project has been combined with work unit 
3A66371D829, 00,  108 and will be reported under DA 0A 6506.     For  technical reports 
see Walter Reed Army Institute of Research Annual Progress Report,   1 Jul 69 - 30 Jun 70 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 134, Malaria screening systems 

Investigators. 
Principal: LTC Charles R. Angel, MSC 
Associate: R. L. Beaudoin, Ph.D. (NMRI); N. D. Brown, B.S.; 

J. I. Davis, D.S.; S. Garson, Ph.D.; R. T. Lofberg, Ph.D. 

Description. 

The objective of this work unit has been to provide automated or 
semi automated screening systems to study the effects of chemical com- 
pounds on the metabolism of Plasmodium species in vitro. This objec- 
tive has been modified to include the study of the biochemical effects 
and the mechanism of action of chemotherapeutic agents. Activities 
within this work unit are subdivided into methodology development, 
studies utilizing Plasmodium berghei, Plasmodium fal1 ax and Shistosoma 
mansoni and the chemical definition of 4,4,-diamino diphenylsulfone and 
diformyl-amino diphenylsulfone. 

Progress. 

1. Methodology development. 

As previously reported in the WRAIR Annual Reports of 1966-57, 1967- 
68 and 1968-69, the Technicon Autoanalyzer has been utilized in a modular 
configuration to test the effect of chemical compounds on the metabolism 
of Plasmodium species, in vitro. This system has been under continuous 
evaluation and has been terminated. Emphasis has been shifted to develop- 
ment of procedures that allow for the screening of metabolic variables 
that result from taking specific drugs or methods that define the partic- 
ular agent itself. 

During the reporting period, procedures for the determination of 
4,4,d1am1no diphenylsulfone (DDS), methemoglobin and methemoglobin 
reductase activity have been adapted from manual methods and standard- 
ized. Each method has been placed directly into use on research protocols 
The amount of DDS appearing In serum after Ingestion of standard tablets 
Is quite low and pushes the detection of the compound by means of the 
automatic method to the limit. In order to counter this low concentra- 
tion, development of simple spot tests have been undertaken with promis- 
ing results. 
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2.    Studies utilizing PTasmodium berghei, Plasmodium fallax and 
Shistosoma mansoni. 

The full utilization of automated methods must have a developmental 
basis before they can be used with profit.   The interplay of species of 
parasites with species of mammals coupled with the physiological appli- 
cation of certain standard stresses to cause change in the desired bio- 
chemical variables are pertinent considerations.   This section is devoted 
to such studies. 

a. Biochemistry of exoerythrocytic Plasmodium fallax in tissue 
culture.    (In collaboration with Dr.  R. L. Beaudoin and his associates. 
Naval Medical  Research Institute.)    The present study deals particularly 
with the amino acid requirements of exoerythrocytic P_. fallax grown in 
tissue culture.    Data showing changes occurring in the culture medium as 
a result of parasite growth are currently available.    Free amino acid 
analyses of normal host cells, parasitized host cells and free floating 
merozoites have not been completed.    Pending completion of this prelim- 
inary study, it is anticipated that subsequent work will  include the use 
of radiotracer methodology and relate to protein synthesis in the para- 
sitized host cell.    Future studies, currently in the planning stage, will 
deal with aspects of carbohydrate and nucleic acid metabolism.   A formal 
proposal  has been submitted in this regard wherein it was noted that this 
type of study may contribute to the development of rational chemoprophy- 
laxis, and, further, provide some understanding of the prophylactic 
mechanisms associated with currently available drugs.    Moreover, such 
studies should permit certain biochemical comparisons of the exoerythro- 
cytic and erythrocytic forms of the malarial parasite. 

b. Physiological alterations in hamsters infected with Plasmodium 
berghei.    Infections with P^. berghei in mice and in young rats are almost 
invariably fulminant and rapidly fatal; however, a more prolonged clinical 
course of infection occurs in hamsters.   The present study was undertaken 
to determine if hamsters infected with P. berghei would provide a suitable 
and convenient model  for the investigation of malarial  pathophysiology. 

The course of infection with P. berghei in male hamsters was studied 
sequentially in terms of parasitemia, hematology, blood chemistry, rela- 
tive organ weights, tissue enzyme levels and selected urinary constituents. 
This study is nearing completion.    Additional observations have sub- 
stantiated a significant and progressive rise in blood lactate concentra- 
tions and a concomitant decrease in levels of glucose previously indicated 
in ». berghei infected hamsters.    A more recent aspect of this study deals 
with the pathophysiology of the infection subsequent to prolonged serial 
passage of P^. berghei  in the hamster. 
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c.    Hyperbaric oxygen in experimental  infections with Piasmodi um 
berghei or Schistosoma mansoni.    It is thought by some investigators 
that tissue anoxia leading to degenerative changes, as in centrilobular 
hepatic necrosis, plays a prominent role in the pathogenesis of malaria. 
In this regard, hyperbaric oxygenation or oxygen under high pressure 
(OHP) has received considerable attention in the treatment of diseases 
involving anoxia.    Accordingly, a study was undertaken to determine the 
effects of OHP on the course of P^. berghei  infection in mice and in 
hamsters.    Various regimens of exposure to OHP,  including repeated short 
applications, were incorporated at different intervals in the course of 
infection.    Significant alterations in survival  time or in parasitemias 
were not observed with the regimens of OHP treatment employed.    These 
results seemingly conflict with those of Brewer and Coan (Mil Med 134: 
1056-1067, 1969) who observed small but apparently significant reduc- 
tions in the parasitemias of P_. berghei infected rats following hyperoxia 
treatment. 

In collaboration with LTC D. Erickson (Dept. of Medical Zoology, 
WRAIR) the effects of OHP administered in various regimens were also 
examined in mice infected with Schistosoma mansoni.   Again, OHP ap- 
peared to exert little significant influence on the course of infection 
as indicated by worm recoveries, organ egg counts and host survival  times, 

3.    Chemical definition of 4,4'-diamino-dipheny1sulfone acid diformyl- 
diamino diphenylsulfone. 

The efficacy of administering sulfones in conjunction with other 
antimalarial agents has been established.    The use of 4,4,-diamino- 
phenylsulfone in Vietnam with potential observed clinical side effects 
has led to a program of chemical definition of this agent and the test- 
ing of pharmaceutical  preparations before and after delivery to the field. 
In addition an effort has been initiated to study diformyl-amino diphenyl- 
sulfone before it is actually procured and used in the field. 

a.   4,4'-diamino-diphenylsulfone (DPS).    A number of lots of com- 
mercially prepared tablets of DOS were returned from Vietnam for testing 
relative to potency.    Samples (5 individual  tablets) were dissolved in 
one normal  HC1 and centrifuged to settle the filler.   An aliquot of the 
supernatant diluted to a final dilution of 1:2500 was introduced into 
an autoanalyzer analytical chain and measured.    The method of Simpson 
(Int. Journ. Leprosy V7: 197, 1949) which entails diazotization of the 
ami no groups followed by coupling with N-methyl  napthyl ethyl enedi ami ne 
to give a purple chromogen.    Results of this initial screen led to the 
conclusion that lots of materials manufactured in 1966 and early 1967 
had in some way lost a portion of available DOS.    Each lot of material 
that showed a repeated low value for DOS was evaluated for conformance 
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to the standards prescribed 
All of the lots of material 
in concentration where the 
scribed in the Pharmacopeia 
this apparent deterioration 
had not been in Vietnam to 
several weeks and comparing 
that had been returned from 
available DDS (24 percent). 

in VOL XVII, United States Pharmacopeia. 
examined conformed to the standards except 

assay was the nitrite titration as pre- 
An experiment to determine the cause of 

was initiated.    Heating a sample of DDS that 
60oC at 100 percent relative humidity for 
it to a sample of the same lot of material 
Vietnam showed a comparable reduction in 

Thin layer chromatography has been employed to determine the 
purity of DDS.    Samples of a standard obtained from the United States 
Pharmacopeia, WR 448G and individual lots of commercially prepared 
tablets were examined.    Various numbers of apparent impurities have 
been determined ranging from three in the Pharmacopeia standard to as 
many as nine in DDS tablets.    One point of commonality in these studies 
arises in that three of the impurities are always present suggestiro 
components that are closely related to DDS.    The major impuritie:   jn 
DDS are aromatic amines of one or more configurations.    Characteriza- 
tion of two of the impurities strongly suggest the presence of a 
monoamino-diphenylsulfone and monoamino-phenylsulfophenol.   Additional 
characterization is being accomplished. 

It would be desirable to have a quantity of DDS that is chromato- 
graphically pure.    A procedure that yields pure DDS has been estab- 
lished.    The separation entails placing DDS in hot benzene, dissolving 
the DDS in ethyl acetate and reprecipitating the DDS by adding a large 
volume of benzene followed by cooling to 5-60C.    The precipitated DDS, 
after a second recrystalization, was found to be chromatographically 
pure.    Sample of this pure compound are to be characterized by UV 
spectrophotometry, infrared spectroscopy and nuclear magnetic resonance 
spectroscopy.    This characterized pure chemical will  serve as a basis 
for studies of the basic chemistry of DDS. 

b.    Diformyl-diamino-diphenylsulfone (DFD).    DFD is to replace DDS 
as the sulfone of choice in malarial therapy.    Based upon experience 
with DDS in terms of purity, studies have been initiated to characterize 
WR6798AM.   After examining several thin layer Chromatographie systems 
the optimum system that gives the best separation consists of the follow- 
ing components: 

Support:    Aluminum oxide (pH9 with a 254 mu indicator) 

Solvent System:    15% methycellosolve, 85% ethyl acetate 

Spot development by chemical means has not been achieved as yet but 
exposing to ultraviolet at 254 mu and 360 mu produces a characteristic 
fluorescence.    Examination of sample WR6798AM shows a total of five 
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defineable fluorescent spots at RF values of 0.70, 0.52, 0.43, 0.35 
and 0.22.    Spot number 4 has been assigned to DFD.    Comparison studies 
are being pursued to identify the contaminants. 

Summary and Conclusions. 

The original  technical objective of the work unit has been shifted 
to emphasize the biochemical effects and mechanisms of action of chemo- 
therapeutic agents.    Automated methodology has been developed and 
standardized to measure 4,4,-diamino-diphenylsulfone, methemoglobin and 
methemoglobin reductase.    Biological studies have concentrated on the 
biochemistry of exoerythrocytic Plasmodium fallax in tissue culture, 
physiological alterations in hamsters Infected with Plasmodium berghei 
and Shistosoma mansoni.   Studies on DOS have indicated that the chemical 
purity is questionable.    Identification studies have shown the presence 
of a monamino-diphenylsulfone as well as a substituted phenol.    Samples 
of DOS have been treated and recrystallized to produce a pure sample of 
DOS.    Studies of the diformyl derivative DOS have suggested that im- 
purities are present in the current compound in use.    Thin layer Chromato- 
graphie techniques have been developed to separate the visible impurities, 

1432 

- ■■■■ I  kiaaMMMürifl 



il.»i       lll-.l      II-'     HI UM    I  »     D.i       i i     I  .1      i..!..ll..ii.iill   ■   '■■■"■■»!      .■■l.l.m.l^imj   .IIJI.   .illH.U.M.P.J.III.      Illllll.l        III  .  II  IIH  ,    ..I  I.I.    .I.HI   ,■11. 1.1    ■ 

Project 3A663713D829 MALARIA PROPHLAXIS 

Task 00, Malaria Investigations 

Work Unit 134, Malaria screening systems 

Literature Cited. 

1.    Polet, ti.. Brown, N. D., and Angel, C. R.:    Biosynthesis of Amino 
Acids from IHC-U Glucose, Pyruvate and Acetate by Erythrocytic Forms 
of P. knowlesi, in vitro.    Pnv. Soc. Exptl. Biol. and Med., Vol  131, 
Nr 4: 1215-1218,  1969. 

1433 

■ - - ■ -■ ■ -   1  



■ 

<*> 

*XK*X*#XW(X 

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 

L OATK PNKV lUITftV 

69 07 01 
4. KINO OP WMHARV 

D. Change 
10. NO./COD«:* PnOOHAM ILCUINT 

6.  COHTMOUTINO 

bd/IJA 

CDOG 1412A(2 

1. IUNHARV »CTV L WORK ICCUMTV 

u 
F. ftCONAMNO1 

PROJCCT NUMBCR 

SSBTHBill 

F 

I.  AOINCV ACCI 

DA OA 6534 
I» OnO*N INtTlfH 

NA 

i. o»Tt or Kimuml' nrour COKTKU. rnnot 
70    07    01 DD-DRLE(AK)(,36 

 .  

NL 
TASK ARIA NUMOCR 

TT 

• SPCCIFIC OATA- 
r TRACTOR ACCCIt 

vis      DHO 

1. LCVIL OF tUM 

A VOKK UNIT 

WORK UNIT NUMBER 

T3r 

(U) Exoerlmental Patholoqy and Metabolism of Plasmodia (09) 
It. SCIKNTiriC AHO TICNNOCOOICAL ARIA^ 

no 26 00 Biology 
II wrM BIfl 

66 09 
H. CONTHACT/ORAHT 

A OATU/KPPICTIVt: 

k NUN OCR:* 

'TVM: N0t Applicable 

14. CITINATCD COHPLKTION OATI 

C0NT 

d AHOUNT: 

f. CUM. AMT. 

It. IIUPONtlW.1 DODONOANISATIOH I I 

»MI,* Walter Reed Army Institute of Research 

•ODMU:»    Washington, D. C.    20012 

RISFONIIOLC INDIVIOUAU 

••«». Meroney, COL W. H. 
Tu.»..«»* 202-576-3551 

Foreian Intelligence Not Considered 

11 wtmm warn pa .« nm tasnsBs. gag—(U) MasmidiaT 

It. rUHMHO AOCNCV 

DA 
W- RCIOURCIt CtTINATI 

70 

71 

I«. PIRfORNAMCI MITHOD 

C. In-House 
A PROrtUiOHAL NAN VRC       b.  rUNOSf/n IAMMM*> 

SB. PtRFOMMHOORaANIKATION 

30 

30 

of Re «:• Walter Reed Army Institute of Research 
Division of Experimental Pathology 

»oo«!.:'Washington, D.  C.    20012 

PRINCIPAL 1NVCITIOATOR (pitmiak UAM II V.S. AMtfaalc f*'lt*Hmmf 

••«»^•Sprinz, COL H. 
T.L.«»..: 202-576-2677 
tOCIAL IICUNITV ACCOUNT NUWttCR:

AUOCIATI INVIITtOATOM 

«»«■ Rock, MAJ Robert C. 

(U) Plasmodial Microsimes; (U) Plasmodia! Lipids 
Prott       (U) Plasmodial Ribosomes; 

DA 

1% TKCHNICAL OBJICTIVI.* t« APPMACH,   It. PnoOHIH {***!*> ln«W*Mf p«r«JM>n» 14—mm* tr »mam. pnt*m tmmi »I MMA mtlh Bm€mllr CIMCIüCAHM C**.J 

23. (U) To study metabolic pathways in malarial parasites maintained in vitro.   To 
solate, ourify and identify by chemical, physical and morphologic means the subcellular 

comoonents of malarial parasites, including cellular localization of anti-malarial 
druqs. 
24. fu) Bioohysical, biochemical and morphologic techniques are employed. 
15.  (U) 69 07-70 06. Our major studies involve analysis lipid composition and bio- 
synthesis in PlasmodiuiTi know!esi grown in yUro.    A manuscript entitled "Lipid 
Comoosition of PlasmoJTum knowlisi" by Rock et al has been submitted for publication. 
Work done in our department by Dr. R. A. DeZeeuw, a visiting scientist from the State 
University, Groningen, The Netherlands, will be published in Pharmaceutish Weekblad, as 
a oaoer entitled "the Use of Vapor-programmed Thin-layer Chromatography in the Phospho- 
lioid Analysis of Malarial Parasites."   This very promising technique will be pursued in 
further collaborative studies with Dr. DeZeeuw.    Results of current investigations of 
lioid biosynthesis by Plasmodium knowlesi, will be presented by Rock at the Second Inter- 
national Congress of Parasito!ogy, Washington, D.C., in September 1970, in a paper 
entitled "Membrane Metabolism and Phospholipid Biosynthesis in Plasmodium knowlesi." 
Two manuscripts dealing with characterizations of the ribosomes of Plasmodium knowlesi 
are in oreoaration; *-|ie first by Cook et al, presents biophysical measurements, and the 
second, by Aikawa et al, shows ultrastructural morphology.    A manuscript is in preparat- 
ion dealing with the pathology of Plasmodium falciparum in the owl monkey, Actus tri- 
yiroatus.    The ultrastructure of malarial parasites is the topic of several manuscFTpts 
In oreoaration by Ladda et al, including 1. cytoplastnic microtubules and their relation- 
»hio to parasite nucleic acid, 2. ultrastructure of Plasmodium vivax, 3. ultrastructural 
!ffects of chloroquine and freeze etching electron microscopy.    For technical reports, 
ftg^aJote^Ee^/^^J^jtute of Research Annual Progress Report, 1 Jul 69-30 Jun 70. 

DD,:O.VM1498 PREVIOUS  EDITIONS  OF   TH'S   FORM  ARE  OBSOLETE.     DD  FORMS   I4BBA 
AND  1408-1.   I   MAR  68  (FOR   ARMY   USE)   ARE   OBSOLETE 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00 Malaria Investigations 

Work Unit 135, Experimental pathology and metabolism of plasmodia 

Investigators. 
Principal:   COL Helmuth Sprinz, MC 
Associate:   MAJ Roger Ladda, MC; MAJ Robert Rock, MC 

out (or are 
radio- 
and meta- 
antimalarial 

Description 

Both in vitro and Ui vivo studies have been carried 
in progressj, utilizing ultrastructural, biochemical and 
isotopic tracer methods in following growth, development 
bollc pathways of malarial parasites, and the effects of 
compounds upon parasite metabolism and morphology. 

Progress 

1. The fractionation of the primate malarial parasite, Piasmodi um 
know!esi. was achieved by Dr. Cook (now at Case Western Reserve Univ- 
ersity) by a method of discontlnouous sucrose gradient ultracentrifug- 
ation.    This method was presented at the Third International Workshop 
on Malaria, and is in published form in a special supplemental issue 
of Military Medicine (September 1969). 

2. This fractionation proceedure has been applied in the charac- 
terization of the lipid composition of Plasmodium knowlesi, by a 
comparison of a parasite light microsomal fraction (free of hosted red 
cell material) with the membranes of host red cell.    Several major 
quantitative and qualitative differences in phospholipid and cholerterol 
composition have been found by combining this fractionation technique 
with thin-layer chromatography.    (A manuscript reporting these find- 
ings has been submitted for publication by R   C   "ock, J. Standefer, 
R. T. Cook, W. Little and H. Sprinz.) 

3. Further studies of the phospholipid composition of Plasmodium 
knowlesi has been carried out in collaboration with Dr. Rokus deZeeuw, 
a visiting scientist from the State University, Groningen, The Nether- 
lands.    By application of the advanced analytical technique ov vapor- 
programmed thin-layer chromatography (developed by Dr. deZeeuw), 
separation of large quantities of malarial parasite phospholipid has 
been achieved.    (An article entitled "The Use of Vapor-Programmed 
Thin-Layer Chromatography in the Phospholipid Analysis of Malarial 
Parasites," by R. A. deZeeuw, R. C. Rock and H. Sprinz, has been accept- 
ed for publication in Pharmaceutish Weeklad.)   This novel technique 
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of thin-layer cbromatography results tn separation of amounts of phos- 
pholipid sufficient for further characterization (I.e. by infrared 
spectroscopy and mass spectrotnetry), and further studies wtth Dr. de 
Zeeuw are In progress. 

4. The intraerythrocytlc growth of malarial parasites Is accom- 
panied by a marked increase in the membranes of the parasite (especial- 
ly when compared to the membrane of the mature mammal tan red cell). 
This synthesis of parasite membrane can be followed both tn vitro and 
in yiyo using radioactive precursors, tncludlng InorgantcTSP as well 
as 14C-labeMed glucose, acetate, glycerol, chollne and ethanolamlne, 
The active Incorporation of these precursors into parasite phospho- 
lipld contrasts markedly with the mtntmal uptake by the mature mam- 
malian host red cell.   Of great Interest are the dtfferenttal effects 
of various metabolic inhibitors upon membrane biosynthesis of the para- 
site.   These results will be presented by R. C. Rock at the Second 
International Congress of Parasltology, Washington, D.C., tn September 
1970, in a paper entitled "Membrane Metabolism and Phospholtptd Bio- 
synthesis In Plasmodium knowlest." 

5. Dr. R. T. Cook has continued his studies on the rtbosomes of 
Plasmodium knowlest and in vitro protein synthesis by parasite rlbo- 
sömes.    Ä"manuscript by ^7T. Cook, R. C. Rock, W. Little and H. Sprinz 
is in preparation, reporting the ultracentrlfugal characterization of 
Plasmodium know]es 1 rtbosomes and the effects of various antibiotic 
and antimalartal compounds upon in vitro   protein synthesis by Iso- 
lated parasite rtbosomes.   A second manuscript in preparation by R. T. 
Cook and M. Aikawa reports the ultrastructure of parasite ribosomal 
subunits. 

6. Dr. R. L. Ladda and co-workers are completing several manu- 
scripts concerning the ultrastructure of malarial parasites and morpho- 
logic effects of antimalarial compounds (formerly Included in Work 
Unit 112, Fine Structure - Malarial Parasites).   These manuscripts 
include:  (1) "The ultrastructure of Plasmodium vlvax" by R. Ladda, 
6. Olson and H. Sprinz, (2) "Cytoplasmic microtubules in malarial 
parasites: structural direction in morphogenesis" by R. Ladda and 
H. Sprinz, (3)  "Freeze-etchlng of malarial parasites" by R. Ladda, 
R. Steere and H. Sprinz, (4) "Association of microtubules and DNA 
strands with nuclear membranes of malarial parasites" by R. Ladda, 
R. Beaudoin and H. Sprinz, and (5)  "Effect of chloroquine on human 
fibroblasts in culture" by R. Ladda, P.  Kramer and H. Sprinz.    Addi- 
tional applications of tissue culture to cell fusion were presented 
by R. Ladda at the FASEB meetti.ois in April 1970. 

7. DNA has been isolated from several species of avtan, rodent, 
and primate malarial parasites, and has been characterized biochemi- 
cally (by hybridization and base-ratio determination) and morphologic- 
ally (by ultrastructure of isolated DNA strands).   The manuscript in 
oreparation is entitled "Characterization of malarial parasite DNA" by 
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} R. Ladda, J. Wohl heiter, R. Estensen and H. Sprinz. 

Simwary and Conclusions 

Duping the past year, the work, in progress on the fine structure 
of malarial parasites has been completed, with additional observations 
on parasite microtubules and their interaction with parasite DNA, ultra- 
structure of freeze-etched parasites, and morphologic effects of 
chloroquine.   Work in our department has extended to include investi- 
gations of parasite protein, lipid, and nucleic acid metabolism.   The 
work on malarial parasite nucleic acid has been completed by MaJ. Ladda 
who is leaving at the end of fiscal year 1970.   During the next fiscal 
year, MaJ. Rock will continue the studies of cell membrane synthesis 
and lipid metabolism of the parasites. 

1437 

L i      - ' ■■ ■    ■--I    I III        I Ml !■■ MMHM 



Project a^6637l3D829   MALARIA PROPHYLAXIS 

Task   00   Malaria Investigations 

Work Unit 135, Experimental pathology and metabolism of plasmodia 
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23. (U) - Document metabolic alterations of human and animal red blood cells when 
infected with malaria parasites and to assess  the effect of antimalarial drugs on these 
alterations in order  to develop new drugs effective against  resistant falclparum 
malaria. 

24. (U) - Study the uptake of certain amino acids by infected red blood cells, measure 
folic acid reductase in parasite suspensions,   to measure the effect of antimalarial 
drugs on morphologic growth,  lactate production,  14-C methionine or 14-C orotic acid 
incorporation on in vitro schizogony. 

25. (U) 69 07 -  70 06.     In vitro culture of V_,   knowlesi parasites has continued. 
Incorporation of C-1A methionine lactic acid production and morphologic maturation have 
been shown to be sensitive indicators for evaluating potential antimalarials,  exclusive 
of antifols,    C~1A orotic acid incorporation into DNA has been shown to be an equally 
sensitive indicator for those compounds. 

Studies of  the mode of action of sulfalene and pyrlmethamlne have shown  that  a 
90% inhibitory concentration of sulfalene may be completely reversed with PABA,  folic 
acid or folinic acid in concentrations 1/100 of the sulfalene whereas only folinic acid 
produces minimal reversal of pyrimethamine efficacy.     This suggests concurrent 
treatment with an antifol and folinic acid may be possible to obviate the thrombo- 
cytopenia, leucopenia and anemia attributed to antifol toxicity In malaria patients. 
Biochemical pathways for nucleic acid synthesis are being determined as an aid to 
rational development of new antimalarial drugs.     For technical reports see Walter 
Reed Army Institute of Research Annual Progress Report,  1 Jul 69 - 30 Jun 70. 
►AWIIAMA to COIIIlNCtf 

DD. NA»"«'498 
-— aiaaa misi 
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Project 3A663713D829 MALARIA PROPHYLAXIS 

Task 00, Malaria Investigations 

Work Unit 136, Metabolic and enzymatic studies of normal and malaria 
Infected red cells 

Investigators. 
Principal: LTC Craig J. Canfield, MC 
Associates: Gerald J. McCormick, Ph.D.; Esther P. Jordan, Ph.D.; 

MAJ Michael J. Dunn, MC 

Description. 

The objective of this work unit is to study metabolic pathways of the 
host red blood cell - parasite complex and to assess the effect of 
antlmalarial drugs on these pathways in order to develop new drugs 
effective against resistant falciparum malaria. 

Progress. 

Investigations on intracellular sodium concentrations and sodium flux 
studies in P. knowlesi infected monkeys was completed and published 
(1,2). 

Investigations of amino acid transport in infected red blood cells was 
also completed (3) # Distribution ratios for isoleucine and methionine 
were Increased. Incorporation into protein by malaria blood was 
greatest for Isoleucine (150 times control), methionine was 30 times 
control, leuclne and histldlne 16 times control, and cystine 4 times 
control after 2 hours Incubation. 

Investigation of RBC 2-3 DPG during acute infections with P. knowlesi 
in Rhesus monkeys was undertaken. The concentrations of 2-3 DPG during 
infection increased to a degree similar to that observed in monkeys 
made anemic by blood-letting. 

Work has continued on the in vitro P. knowlesi malaria culture system. 
In this system young ring forms of the parasite predictably develop 
into mature schizonts during 18-20 hours incubation in a nutrient 
medium. Also lactic acid is produced, 14-C methionine Is incorporated 
into protein and 14-C orotic acid is incorporated into DNA and RNA. 
Dose response curves have been obtained using the above measurements 
of growth with known antlmalarial drugs which correlate well with 
clinical experience. 

Using a variety of labeled nucleic acid bases and nucleosides it has 
been concluded that the parasite red cell complex does not perform 
salvage synthesis of pyrimldlne nucleic acids but must rely on de nova 
synthesis through the ortic acid pathway. This has led to the study 
of five substituted orotic acid compounds as potential antimalarlals. 
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Thus far two have been found that were effective (5 fluoro and 5 bromo) 
These drugs Inhibit parasite DNA formation and theoretically have the 
added advantage of not inhibiting host DNA synthesis by the salvage 
pathway. 

Studies of the mode of action of sulfalene and pyrimethamine have 
shown that a 90 percent inhibitory concentration of sulfalene may be 
completely reversed with PABA, folic acid or folinic acid in concen- 
trations 1/100 of the sulfalene whereas only higher concentrations of 
folinic acid produces minimal reversal of pyrimethamine effect. This 
suggests concurrent treatment with an antifol and folinic acid may be 
possible to obviate the thrombocytopenia and anemia attributed to 
antifol toxlcity in malaria patients. 

Further studies are underway on single carbon donors for nucleic acid 
synthesis by the malaria parasite. Thus far results have shown that 
serine histidine and methj-onine can serve *"  methyl donors whereas 
choline betaine sarcosine and formic acid cannot.  Studies are planned 
to elucidate the pathways involved. 
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Task 00, Malaria Investigations 

Work Unit 136, Metabolic and enzymatic studies of normal and malaria 
Infected red cells 
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3. McCormick, G.: Amino acid transport and incorporation in red blood 
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23.    (U) To develop a more Intelligent and sensually acute dog which is physiially and 
tempementally better suited for military purposes than is now generally available. 

24.. (U) This study is being made in response to the approved (11 Dec 68) US Anay QMD0, 
"Detector Systan Militaiy Dog" (USACDC Action Control Number 12527). Critically evalu- 
ated AKC registered dogs were purchasad as foundation stock. The progeny of these are 
closely evaluated by recognized tests designed to reveal the superior individual. 
These in turn are selectively bred and their offspring similarily tested, evaluated and 
bred. Linebreeding combined with continued evaluation of each generation will 
accomplish the objective. 

25. (U)   69 07 - 70 06   Forty three whelpings produced 280 weaned puppies.    Present 
kennel population of 222 dogs includes 177 Geman Shepherd Dogs, 31 German Shorthaired 
Pointers, 12 Pointer-Shepherd crosses, and 2 Drahthaars.   An additional 217 dogs were 
transferred to other activities.    Puppy evaluation procedures were revised slightly. 
The following studies were completed:   hormonal control of the canine estrous cycle; 
use of a bird dog for scouting purposes; possibility of a dog locating a hir'ien hand 
gun.   A computerized information retrieval system was effected with the AFIP.    A stress 
machine for very young puppies was constructed.    A loud spet-^r system was installed to 
familiarize the dogs with battle sounds and street noises.    Consultant visits to this 
facility were made by national authorities.    Construction of permanent facilities was 
completed.   Por technical report see Walter Reed Army Institute of Research Annual 
Progress Report, 1 Jul 69 - 30 Jun 70. 

DD,:o.:"J498 PREVIOUI COITIONS OP  THIS FORM ARK OMSOUCTC.    OO FORMS tASSA.   t   NOV SB 
AND  I49I-1.  I  MAR 61 (FOR  ARMY  USE)  ARK OVSOLKTK. 

1444 



"»"■«■WBPIPPPWWW . iiM|j!a.M'--f ■«■■-*■—m m ■■■■■■■la..! >...,. i. 

.■■'>'■ 

«»ft**^^:^» %vftii" ' 'i^*** 

■..^.--^-.■■.-   —aaMi—^—i»^,^^   _. _  ■M^H 



Project 3A062110A830   BIO SENSOR SYSTMS 

Task 00, Biosensor Systems 

Work Unit 055 Development and evaluation of Improved biological sensor 
systems 

Investigators 
Principal: 
Associates: 

COL Merida W. Castleberry, VC 
OPT Willard L. Wilke, VC; 2LT Leland E. Watkins, MSC 

OBJECTIVE:   To develop a more intelligent and sensually acute dog which is 
physically and tempermentally better suited for military purposes than is 
now generally available. 

BACKGROUND;   This study is being made in response to the requirements of 
the recently approved US Army QMDO, "Detector System, Military Dog", 
(USACDC Action Control Number 12527).   Seven breeds of dogs, including 
crosses, were studied by the University of Maryland for behavioral evalua- 
tion and selection for anny breeding and training (Army Contract No. DADA 
17-68-0-8015).   As recommended in the final report 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 are selectively bred to produce superior progeny. 
These are in 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.   Evaluation of 
other breeds, including crosses, continues on a limited scale. 

PROGRESS 

A.    Breeding Program 

1. Forty three whelpings produced 280 weaned puppies. 

2. Kennel population:    Present kennel population is as follows: 

German Shepherd Dog 
Gennan Shorthaired Pointer 
Pointer-Shepherd Cross 
German Wirehalred Pointer (Drahthaar) 

177' 
31 
12 
2 

222 
3. Two hundred and one dogs were transferred to other activities! 

Walter Reed Amy Institute of Research 
Fort Benning, Georgia 
Fitzslmmons General Hospital 
Operation Nitefox 
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4..    Puppy evaluation - Our puppy testing procedures have proven, 
in the main, to be quite effective.    The sight, sound, and body sensitivity 
tests, however, were eliminated as non-contributory,    A new test,  rag 
agitation, was recently added. 

B. Special Projects; 

1. The initial study of the use of a field dog for scouting 
purposes was completed with a demonstration of the German Shorthaired Pointer 
at Fort Benning, Georgia. One of the two dogs demonstrated was subsequently 
returned and trained by the Scout Dog Platoon in off-leash scouting. This 
dog and his handler scored 100% in the class ORT (Operational Readiness Test). 
The class average was 89.9$. Having kept the better dog for our own 
purposes, additional matings were accomplished including two crosses with the 
German Shepherd Dog. This latter was made in hopes of obtaining the typical 
bird dog "point" and the German Shepherd intelligence and boldness, A few 
of the purebreds and crosses will be sent to Fort Benning in the late fall 
for training. 

2. A study was completed and a report submitted concerning the 
possibility of regulating the onset of estrous and ovulation in the anestrous 
bitch by hormonal means. Two intramuscular injections of Pregnant Mares Serum, 
1500 International Units per dose given to 6-month old female Beagles at 7-day 
intervals failed to consistently induce follicular development and growth. 
Subsequent administration of 1500 to 10,000 International Units Human Chorionic 
Gonadotropin or 1 to 15mg Luteinizing Hormone did not induce ovulation in the 
limited number of bitches which did exhibit ovulatory size follicles, 

3. A computerized information retrieval system was programmed in 
conjunction with the Veterinary Pathology retrieval system at the Armed 
Forces Institute of Pathology, Work sheet coding of all eligible dogs has 
been completed. 

4. An attempt was made to train a dog to locate a hidden pistol. 
If freshly fired, and not too well hidden, the dog could quickly locate the 
weapon. It is believed that intense, expert training of an adept dog 
would produce a highly valuable detector, 

i 

C, Consultant Visits;    In addition to Mr, L, Wilson Davis, our 
continuing consultant on dog behavior and training, the Department received 
the benefit of a two day consultant visit by Mr, William Koehler,  Animal 
Behaviorist and trainer for Walt Disney Productions,    Dr, M.W. Fox, DVM, 
formerly of the Jackson Memorial Laboratory and presently with the Department 
of Psychology Laboratory, Washington University, St, Louis, Missouri, visited 
as a special consultant in animal psychology,   Dr, Wayne Riser, DVM, University 
of Pennsylvania, made frequent visits in monitoring our hip and elbow dysplasia 
control program, 

\ 
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D, Facilities;    A permanent facility was constructed with MCA funding. 
It provides adequate kennel space for 225 dogs, an appropriate whelping 
area, and suitable acLninlstratlve quarters.    Beneficial occupancy was taken 
on 2l March 1970. 

E. Equlqnent 

1. Stress machine - during a recent consultant visit, Dr. M.W. 
Fox described the benefits of mildly stressing the newborn pupry.    As a 
result, certain of our puppies are now subjected for 13 days to 3 minutes 
per day of a combined teeter-totter and circular motion.    To accomplish 
this, an electrically operated, flanged, circular, tilting platform 36 
Inches in diameter was constructed.    This turns at 30 rpm and has an eight 
inch tilt.    It is compartmentalized to hold ten puppies.    The puppies are 
subsequently subjected to 1 minute of hypothermia (3C/F) and are then 
petted for two minutes before being returned to the mother. 

2. Loud speaker system - to better orient our kennel raised 
dogs, a loud speaker system with tape recorder was Installed to provide 
battle sounds, march music and street noises. 

DISCUSSION;    Accomplishment of our mission is dependent upon our ability to 
successfully test and breed for superior intelligence, temperment, and 
physical normality (freedom from hip and elbow dysplasia).    The principles 
of selective breeding have been used to obtain more milk, wool, meat, eggs, 
etc.    No effort has been made, apparently, to breed for intelligence in a 
domeatic animal.    Carefully selected matlngs based on high puppy and 
subsequent evaluation scores is expected to px-oduce a "aore intelligent and 
trainable dog.    Breeding for a more stable temperment and dysplastic free 
hips and elbows is also a tedious but rewarding task of observation, testing, 
and records keeping. 

CONCLUSION;    The principles of applied selective breeding have been advanta- 
geously used by man for centuries.    Of recent years the study of heredity 
has become a science.    Based upon previous accomplishments in this field,  it 
can be assumed that this project will produce a remarkably improved military 
dog. 

RECCMMENDATIONS;    None 
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PROJECT 3A062110A830  BIOSENSOR SYSTEMS 

Task 00  Biosensor Systems 

Work Unit 055  Development and evaluation of improved biological sensor 
systems 

Literature Cited: None. 
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