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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,
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PROJECT 3A062110A806 MILITARY PREVENTIVE MEDICINE
Task 00, Military Preventive Medicine

Work Unit 030, Global Health Data

Investigators:

Principal, Colonel Hinton 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-.er
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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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROCRAM 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, SPS; Keith Arnold, MAJ, MC*; Anan

Boonkanoke; Attaya Boonyakanist; Aree Boriharnvanakett,
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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, ES; Anan Nisalak, M.D.; Vandee
Nongngork; Chumnong Noigamol; Howard E. Noyes, Ph.D,;
Naowayubol Nuthumkang, R.S.; Lloyd Olson, LTC, MC;
Vichit Phunkitchar; Boonsri . ‘richit, M.D, **¥%,;
Phuangthong Puengkaew, R.N.; Larp Puntusiri; Rattana
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Paul C. Smith, MAJ, VC; Laddawal Sookcharoen; Rapin
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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 Willhight, 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

Projact Coord inator: 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 ‘ollowing:

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 gelidus and tritaeniorhynchus. Evidence
was also accumulated suggesting that several species of domestic and
wild vertebrates were involved in JE virus transmission cycles. Serologic
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 Fi:=i~-.1ls. Thirty-two of
tirase 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 ofa 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. gelidus, C. tritaeniorhynchus, and the C. vishnui
complex.

In contrast to other areas of the world where JE virus ecology has 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
hyperendemnicity 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 Aedes will also be tested for dengue virus. Culicine larval .
populations have been surveyed by quantitative sampling methods. Simul- i
taneous insecticide susceptibility tests have been established on colonized

i strains of vector species.

Serologic 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 1) except for 2 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-epidemiolngic 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 seen in a population
exposed endemically with epidemics superimposed (assuming that EI
poritivity 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. aeqypti 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 I

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

(a) (B) (©) (D) (E)
JE 56. 6 105 185 132 117
Dengue ** 44,5 74,1 142 127 129

* Titers2 1:40
** Highest D1-D4 Titer used

TABLE III

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 23,1 . 0501 13,2 - 34,2
© Sankamphanérr 53.1 . 0386 45,0~ 61,2
(D) Saraphi 36,8 . 0595 26,3 - 47,3

*Titers = 1:40
= Standard error of sample % positive

*x%x S
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TABLE V

Fitting a Simple Catalytic Model
to Area (C)=JE (HI) Prevalence Data

har

Age | t* y w A 0,074t ;0- 074t|
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
i - - - A = 26,158 . - -
*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 = 26,158 x 100 = 67,1
39
rt = ,029
r = ,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,

e ———————
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TABLE VI

Correlation of Aedes aegypti House Index and
Prevalence of Dengue Antibody (HI) Chiengmai (Nov 1969)

Area | X = A. aegypti| Y = Dengue HI
Index Prevalence
(A) .019 .155
(B) . 001* J117
(C) .300 . 580
% (D) .156 .461 r=,2727
| (F) . 570 . 827
r=0,974
"3 € 1,046 2,140
| T
l £, 2, 4396 1,2706
(€)/N 0.2188 0. 9159
Gl 0, 2208 0. 3547

XY = .7204 €X € Y/N=. 4477 Cy,Y=.2727

purposes,
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TABLE VII

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 13 81
Dog 10 7 86 86
Buffalo 11 2 80 95

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

Principal Investigators : Douglas J, Gould, Ph.D,
Richard A. Grossman, MAJ, MC
Dennis O, Johnsen, MAJ, VC
Thomas J, Smith, LTC, MC
Michael F, Sullivan, CPT, MSC

Assistant Investigators : Attaya Boonyakanist
Samarn Maneewongse
Kol Mongkolpanya
Chumnong Noigamol
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 Chiengmali province was made
in July, and approximateiy 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 Sak«t, Saraphi, Muang, Sankampaeng 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.

PROGRESS : Between October 1969 and April 1970, 31,431
mosquitoes, consisting primarily of Culex fuscocephala, C.
gelidus, C. tritaeniorhynchus, C, vishnul complex, Aedes Tinea-
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topennis, A. mediolineatus and A. vexans, were collected for

virus isolation attempts. Resulis 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 remalned at a low level until March,
The numbers of C, tritaeniorhynchus began to rise in March,

but there was little change in the 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,

it g i

November 1969 March 1970

Site No. Houses Aedes | No,Houses  Aedes |

inspected @t_i inspected %}égem}éi
Amphur Mae Rim | 52 .02 82 .00
Amphur Muang 128 .68 144 .58 ;i
Amphur Sankam- 92 .29 72 .39 ;
paeng ;
Amphur Sanpatong| 103 .00 93 .00 i
Amphur Saraphi 64 .16 78 .12 i
j
ﬁ

Table 2, Blood meal sources of mosquitoes identified by agar-
diffusion technique = Chiengmai, October&November 1969,

Host ‘
Specics Buffalo~
Human Cow Pig Horse | Chicken

Culex fuscocephal 0 169 8 3 0 |
1

Culex gelidus 0 69 3 0 0
Culex tritaenior- 0 190 2 0 1 |

hynchus
Culex vishnui 3 222 5 3 9 i
complex
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Combined Investigation of Dengue Hemorrhagic Fever in an Urban

Population
Project Coordinator: Thomas J. Smith, LTC, MC
Principal Investigators: Ananda Nisalak, 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, MAJ, MC
Phanu Sittisomwongse, D.D.S,
Salvadore Arellano, SPS
Samuel Fulton, SFC

Assistant Investigators: Aree Boriharnvanakett, B.S.
Chumpan Chavachati, B.S.
Nonglak Khananuraksa, B.S.
Panor Srisongkram, B.S.
T~ 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 virological 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, COZ, gluccse, SSOT, SGPT, LDH and isozymes,
bilirubin, total protein and protein electrophoresis.

Home environment, family history, epidemiologic information and mos-
quito popuiations 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 recorded, and interview

and sera collected from family members. Indoor daytime collections of
Aedes aegypti mosquitoes resting or bitting and by pyrethrum spray
knock-down were done, identified, and then frozen for virus isolation
attempts. Artificial water containers inand 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 hypersensitivity or immunity to dengue virus antigen.
Immunologic 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 thnse not studied havi.. - been private patients. Of
these 273 patients, 210 were confirmed .n 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 1963). 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 possiblec 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:

. mosquitoes collected in and around the patient's house;
. from acute phase sera of the patient;

. autopsy specimens in fatal cases;

. bone marrow aspirates during the acute phase.

W N

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 171 6 L1 yr
May 28|17 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 415 8

13 9
15 10
23 >11

16 other Bangkok-Thonburi hospitals :

Jan Feb Mar Apr MayJune July AugSept Oct Nov Dec

1968 62
(1894)

32 38 44 68 104 209 214 357 272 242 252

1969 278 174 156 170 241 310 497 516 500 358 141 48

(3, 342)
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Table II. HI Serology Summary (N = 273 Cases)

Dengue Status Clig.es Gt%axgé Il; :12%2: NCHIKUNGUNYA .
Total 0. Sero-| CHIK
Positive | Isolate

Primary Response 4 1.6 T - -
Secondary Response 197 81.4 - 5 -
a) 2° rise or fall 157 | 64,9 | ITI(2) 4 =
b) Fixed Positive 40 16,5 - 1 -
Dengue Unclassifiable 9 3.7 | IIT - -
Total Dengue Positive | 210 86,8 4 5 -
Total Dengue Negative| 32 13,2 1 5 3
a) True Negative 17 7.0 - 3 2
b) Fixed Negative 15 6. 2 I1 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 CHIK diagnosis = 5/242 = 4,1%
(5} Proportion with CHIK and Dengue diagnosis = 5/%742
=2, 17
(4) ®Proportion of non-fatal study cases with serologic
diagnosis of Dengue and/or CHIK = 215/242 =88, 8%
Thus the % nonfatal cases undiagnosed = 11,2%
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TABLE VII. Virus Isolates

Source Virus No. Strains
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, MA], MC
Suchinda Udomsakdi, M.D.
Thanomchit Suwapant, M.D,**
Thomas Smith, LTC, MC

Associate Investigators: Milton Willhight, SFC
Phanu Sittisomwongse, D,D.S.
Salvadore Arellano, 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 coffers 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 hematoloyy, 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 diagrosis 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 diagno=is. Fifty-eight
were admitted wi th 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 aegypti.
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 Samutprakairn 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 infectioas 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 chowed 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 Specimen Isolate
21 RS Unidentified enterovirus
27 RS echo 17
45 CSF, brain, RS unident, enterovirus
58 TS,RS myxovirus
64 TS CMV
65 RS echo 22
78 TS CMV
83 TS unident. enterovirus
RS Coxsackie B3
104 RS, TS unidentified
164 RS echo ©
170 TS unidentified
185 TS, RS, CSF Coxsackie B4
227 RS incomplete
299 RS i
301 TS o
181 TS "
313 RS u

RS = rectal swab; TS = throat swab
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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, SFC

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

arza carried out together with the Departments of Epidemiology

~ue riology. Pertinent epidemiolegical and virologic aspects

¢« tnis 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 hcuses.
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. quinque%asciatus, collected from
houses in the Bangkok-Thonburi area, were submitted to the
Virology Department for virus isolation attempts, These
mosguitoes 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, quinquefasciatus 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 colle~*ed during the rainy season
(June-October), Agar gel diffusic: :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. quinquefasciatus 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.

1 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 Tuntrako... 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~MKjy 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=BKM 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 antiserum 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 antisera 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 LDg 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 MK, 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 before 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 viremic monkeys and reinoculated
into another monkey. Virus was also recovered fromte 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 spscific
antibody response against dengue 2 virus as shown in Table 4.

Shifting of small plaque size to_ large plaque 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 MKj 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,

| P MK, seed of SP-BKM 551 virus‘was passed subcutaneously and
intravenously into @ 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 MK, 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 (MK,~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 C, 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
MKj 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 105
PFU), no chikungunya antibody could be detected, nor cguld 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 (MKp=-14), LP-BKM 551 (MK,
-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 supernates were dialyzed in Hank's BSS at pH 2,0 for 12 hrs,
and dialyzed back at p/{ 7.4 for 12 hrs. The preparations were found

to be free of infectivity by plaque methods in MK7 cell cultures. L cells
were used in assay of mouse interferon.

To test interferon activity, 2.0 ml dilutions of each preparation were left
792
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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 MK,
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
(MK,-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 (MKj=14) inoculation, In
Table 5 LP-BKM 551 (MKy~14) and dengue 2 (NG~C) showed interferon
titers of 1:2560 and 1:10240. SP-BKM 551 (MKjy-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 MK, 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 Pools of
SP-BKM 551 and LP-BKM 551, LP-BKM 551 and SP-BKM 551

Viruses.
Dose of Pool of Dose of
LP-BKM 551 and LP-BKM 551 SP-BKM 551 (PFU)
SP-BKM 551 (PFU) (PFU)
LP SP Mortality LP Mortality SP

3000 240000 | 8/6 8/8" | 3000 88 8/e| 240000 o/e 0/s

300 240000 | 8/8 8/8 300 8/8 8/8| 240000 o0/8 0/8
30 240000 | 7/8  8/8 30 6/6 6/8
3 240000 | 2/8 2/8 3 6/6 3/8
0 240000 | 1/8  0/8 0 2/s 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.

~; !
i Profotyne Reciprocal HI Titer of g::;:: Fluid Against Indicated “
i Immnune
Ascetic Fluid | ;5 (y5.0) BKM 551 LP-BKM 551 | SP-BKM 551
; D-1 80 320 80 160
i; D=2 1280 1280 1280 2560
g D-3 160 160 160 160
D-4 80 320 80 320

Table 3. 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 Dengue 3 Dengue 4

Passage 1 <10 140 <10 <10
Passage 2 10 640 <10 <10
Homologeous Titer 640 640 80 400
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L Table 4. Antibody Response of Monkeys Inoculated with Mouse
Passage 4 of SP«-BKM 551 Virus.

Reciprocal 50% Plaque Reduction

M Monkey Pa.3age Against Indicated Virus

P level

4 Dengue 1 Dengue 2 Dengue 3 Dengue 4
Passage 1 80 2640 10 60
Pasgsage 2 30 550 »>10 45
Homologous titer 640 640 80 400

Teble 5. Mouse Pathogenicity of SP-BKM 551 After Two Passages

in Monkeys.
Monkey Mouse Passage (Intracerebral)
Pagsage
First Second Third
Mortality | Virus Mortality | Virus Mortality | Virus
Titer Titer Titer
(PFU/0.3 (¥FU/0.3 (PFU/0.3
gn.) of gm.) of gm.) of
Mouse Mouse Mouse
Brain Brain Brain
(800)
Before [0/8" 4.0x10%*7| o/8 2.3x10°° T | o/8 5x10° 1
monkey
passage
(36) \
First |0/8 1/8) 1.1x10°*%|8/s 8/8| 1.9x10°"% |8/ 8/8 |4.6x107*>
’ pessage
(60)
Second |8/8 8/8| 1.3x10°*7| 8/8 8/8| 2.0x10'°7 | 8/8 8/ | 2.0x107*7
Passage

Mortality ratio represents deaths/total inoculated

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

Mortality
Inoculum Estimated
Dilution of IC Dose 21 Days after 11 Days after Challenge
(BKM 551-SP) | (PFU/0.3 M1) | BKM 551-SP Inoc. | with310,000 Mouse LD of
D-2 (NG-C) | Chikungunya
*
Undiluted 400,000 0/24 o/s o/s
_; =1 40,000 0/24 o/8 o/s
| -2 4,000 0/24 o/8 0/8
; -3 400 0/24 o/8 0/8
; -4 40 0/24 o/8 0/8
E -5 4 0/24 2/8 0/8
i: Number dead/Number inoculated

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

fooulm | Eovtuates B e

BKM 551-SP) (PFU/0.03 M1) D-2 (NG-C) Chikungunya

Undil 400,000 40 <10
-1 40,000 20 <10 ‘
-2 4,000 <10 <10 ‘
-3 400 €10 <10
-4 40 <10 <10
-5 4 <0 210
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Table 9. Correlation of Virus Titer, Challenge Virus Resistance and
Interferon Titer in One-day 0Old Mice Inoculated Intra-
cerebrally with SP-BKM 551 (MK2-14).

: Day After Challenge
Day of ‘I”;l‘?;(s) ’glter wi%BH0,000 Mouse Interferon in e.o. ml
Inoculation | p ./ &M 1 1D’” of Chikungunya | of 10% Mouse Brain
ain
Virus
% *¥
1 0 8/8 al0
2 107+ 8/8 <10
3 2,2x10°°° 8/8 410
4 2x10°+0 8/8 €10
5 1.7x10%+° 7/8 <10
6 1.4x104-© 3/8 <10
7 3,2x10%0 2/8 20
14 1.0x10%+7 0/8 80
21 1.0x10°*7 0/8 20
28 0.6x10%+° 0/8
35 0 0/8 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 50% Plaque Reduction of Interferon Dilution

Viruses

L Cells MK2 Cells
SP-BKM 551 80 <10
(MK,-14)
LP-BKM 551 2560 =
(MK,-14)
Dengue 2 10240 41220
(NG=C)

Challenge virus after interferon Px = CgLt 599

o Challenge virus after interferon P, = Chikungunya (Ross)
798
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Longitudinal Surveillance of Respiratory Viruses in Bangkok
Principal Investigator: Lloyd C. Olson, MAJ, MC

Assistant Investigators: Pranee Sithisarn, B.S.
Prapai 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
cytomegalovirus 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 pneumonitis, 3 herpangina, and one,
pertussis,

Viruses isolated and serological results are shown in Table 1, Not cone
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 syncytial and influenza A2 viruses.

By calculating the age = specific incidence of antibody, some appreciation
of the transmissibility 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; Parainfluenza 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, syncytial and rhinoviruses 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.

onal Positives
Viruses Isolated by Serology
Month No./Cmv {Aden [Pflu Rhino|Rub Cox.HBFlu *VIisc*fAd RS{HS [Pfl |Flu
Jan |27 | 6 2 1| 2 Sera
Feb 52 {10 2 2 5 Not
Mar { 57 | 9 7 4 2 Available
] Apr 22 1 6 1 2 1
May 29 | 3 6 1 2 212 2
| June | 49 {10 & |&5 1 1 §iS 2 1
July | 45 |11 2 5 § 1 181117
Aug 23 I 1 1 1 91 1 7
Sep 35 3 1 8 1 9
Oct |14} 1 2
Nov | 23 | 3 6 | 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 |
476 { 68 | 15 | 58 8 6 11 117 7 7 124] 3 |16} 21
= 1

] * Includes two herpes simplex, and one each polio 2, echo 18, RS,
reovirus 1, and rubeola :
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Table does not include ten instances of dual infection, and 4 serologi~-

cally proven measles., Adenoviruses 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

% with antibody to:

Age No. H,.S, R.S, Adeno Pflu~l Pflu~2 Pflu=3
<1 | 59 4 17 3l 34 3 29

1 78 23 21 49 37 10 23

2 55 20 42 61 49 31 49

3 38 26 47 57 41 34 60

4 35 40 58 70 63 46 74

5 17 52 39 64 65 30 82
6-10 43 84 30 61 75 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 pneumonitis 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 scrub 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 A, Hong Kong variant being isolated, All sera have been tested for,
and were negative to, CF antibody to respiratory syncytial and adenovirus~-
es. One serum, in addition to the above, was positive for an increase in
HI antibody to Az/Hong Kong/68, and one to influenza B/Taiwan/62.
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Twenty (20) sera pairs have been tested to parainfluenza types 1=3 and
were negative,

Of unusual interest is that of the 56 sera pairs tested, 22 showed
significant increases of CF antibody to mycoplasma pneumoniae., Since
convalescent sera were collected 14 days after admission it might be
expected that an even larger number suffered from mycoplasma pneumonia,

SUMMARY: A serological survey of patients admitted to one hospital in

Saigon, South Vietnam, with non-bacterial pneumonia revealed 39% were
probably due to mycoplasma pneumoniae.

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

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

Principal Investigators; Chalobon Karnjanaprakorn, M,S.
Dennis Johnsen, MAJ, VC
Lloyd Olson, MAJ, MC
Prayot Tanticharoenyos, D,V.M,
Rapin Snitbhan, M,D,
William Wooding, MAJ, VC

Assistant Investigator: Sumitda Narupiti, B.Sc,

OBJECTIVE: 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 A influenza virus variant appeared in the
Far East, Although the agent was subsequently shown to be related, al-
beit distantly, to earlier Az 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, f

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 A2 influenza virus was studied.

PROGRESS: As a preliminary experiment, two gibbons were inoculated
intranasally with Az/Iap 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: Ag/Jap 305/57 intranasally
{ B: A,/Jap 305/57 intravenously
' C: Az/Hong Kong/68 intranasally
E D: AZ/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,
F and tracheal washings collected. No animal showed any signs of clinical
v illness. Tables 3=6 show results of antibody titers to homologous virus
in each animal, All sera were negative to heterologous A, 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, inclug-
‘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 AZ/ 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

Number of Gibbons

j Serun Titre Pre-epizootic Post-epizootic
! <1:20 18 14
‘ 1:40 6 10

1:80 13 17
] 1:160 none 26
r 1:320 u 22
g 1:640 9
‘ 1:1280 u 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 (=surifer, 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 -20°C or colder temperatures until inactivation
at 56°C 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 37°C, and two culture tubes of BHK=21 cell
monolayers received 0.1 cc of inoculum for each specimen, Tubes were
maintained at 37°C 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 (Table 1). In most cases, the amount of virus
used to challenge sera was 80~100 TCID5 . 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<.01, 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 Ratchasima
Province. Also, a positive result was obtained for one R. surifer 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<.01l 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 37°C
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. glidata 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 56°C 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 TCIDSO of S=19~B
virus prepared in BHK=21 cell culture, Positives and equivocals were
retested, where possible, in a second tube neutralization test.

Sera of male and female bats neutralized 25 TCIDgq of S=19-B virus (Table
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
T. plicata is found.
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Table 2.

plaque test results,

Comparison of BHK-21 tube neutralization test and MK-2

Tube Neutralization Test | R. rattus % Plaque % Plaque
Reduction Reduction
Result (Sera 1:5) Serum No. (Sera 1:5) (Sera 1:10)
Equivocal WESS 3464 80 59%
3467 85 1
3469 73 0
3473 88 32
3479 o7 -
3488 59 0
3503 88 18
3508 71 1
3512 34 -
3514 68 64*
Positive WESS 3471 56 100%**
3472 88 64*
3476 73 0
3483 76 0
3491 83 0
3501 80 15
3505 83 49%*
* = ,01>p>.,001 ** = 001>p
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Table 3. S=19-B Virus versus specific sera in MK-2 plaque test,

st

Serum Virus

S-19-B | Chik| Sind JE Betai Wess
S-19-B (rabbit) 1.000*%{ <40 | <10 <10 <10 <10
Chik (rabbit) <10 640 | <10 <10 - -
Sind (mouse) <10 <10 |10,240 - - -
JE (rabbit) <10 <10 { <10 640 <10 <10
N.D.V, (commer <10 - - - = -

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 B A.4B,
% Positive| %Equivocal
Khac Lom 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
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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 ecologic
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 Chiengmai, 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 i
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 cytologic 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.

SO W

* Dept. of Biology, Kasetsart University.

e 8 i A A s

] 818




asnoy

ur ‘saberria

€+ € YLION urejunouw (44 sSnpRIu snyyey
1sa103
usaibians
€+ ¢ Y3aoN urRlunow A Juapers sniiey
asnoy «SNI1eY,,
esornuids eorjroed (9) €+ 2 Ire *1out ‘1r1e Amvmv snjjer snyjey
159103
€+ € nues yoy  uaaibioal A4 juteurab snijey
1591073
RINOISSIP 2+2 e[nsuiuad uaeaibiass YA 2 I W m:ﬁmmd wSAwoua3g,,
ernsutuad puersseib <
pue [enua) pue 1S8107 =
11y Z+ € 1dooxs [re Adwems ov T9I0WpPIOq SNi]
(€) ez + ¢ YHON 1S9103 191ZUaoeuw snjjeyfsAwiiiag,,
eaoyderp 7+72 Tie 1sai103 (1} 1sI2MO(Q sn3Iey
eoljeIse eolIRqRIRW €+ € 1enuad  puersseib ¥y sisusiebuaq ejooipue
sseib Aysiew eljooipueyg
eorjerse edrIeqRIRW €+ ¢ e ‘pra13 2011 oF eOTPUT BIOOTPURY
xXerdaiod eInajdordoy jejiqey , JIsqunu
Jo jo B[NULIOT puerieyy, (1) aweu OJJIIUSIOS TINAS UO paseq
satoudg satoadg Areunuey uy awosowoiyD sajoads pajeral
ADmu.ﬂm uorINqIIsIqg Jo sdnoin

puefiey], Jo 90T pue siey jO sayoedg

*1 @1qel




YMON pue 1sai103] sAwoxeN,,
Z2+7 eInsujuadd  ujejlunow 9% suansaaIny mzﬁmmw
oorad (2) Z+ 2 e 31Sa@J03 9% J9JUDATATU SNIIRY
153103
Z2+72 e[nsujuad uaaibiarad 9¢ pesyaiym snney
3saioj ' joudT,,
72+2 ensujuad uaaibiard 9¢ yeler sniiey
(2) 2+ e 1s2103 ZS I2J1Ins snjl
1sa10g
eINSUl  euejsderew Z2+72 e uaaibioas YA, snueqes sny
1sa103 NJ «SAwrep
estnsuy Z2+2 1SeayaoN uaaiabisaa VA 4 Ispiemp@ sniiey) —-todoeT,,
esornuids eojItoed €+ ¢ ?ﬁmooq sburpring VA2 snotbaaiou snyiey
)
requap pue
eoryToed €+ ¢ ‘yensuiued prely aoU YA 4 Iojuaanjuabae sniyey/ ,sniiey,,
esornuids eorytoed Z2+2 ITe asnoy A 4 suernxas m:uummw
2 £ uapieb yonn
€47 'IN’YHION ‘pro1l 90U VA snnbixa snijey)
1e11qeH ( VuwnE:Z
xerdAtod eINSTdOTdOH eTNWIOY puerteyr T aweu J1JTIU9IOS [INAS UO pase(q
Jo jo Arewwre|N ut awosowolyn so10ads peojeral
satoedg saroadg uonINqINIsIa Jo sdnoixr)
9011
(£)

(penurauo)) *1 arqel

820

M 4

ki




bueay, snauelsed
elel9s esodeo 7+ € ‘lanquoyy, asnoyaiem 0¥ snnosnw sny
ernsutuad
sruosuyol 2+ ¢ 1deoxa [1e  pIoly 9011 ov 11010 SNN
1sai103
e[nsujuad snonpyoap
aruosuyof 2+ ¢ 1daoxa 11e ut sseib (1} JOTODTAIR0 SNIA WSNL,
snonpiosp
2+ ¢ 1SeaYUION ur sseib ¢ sSnnpitu sniN
3sai1oy autd
2+ € YHUON ut sseib oY sninwey snA
¢ 1saiogy
2+ € YMON  utelunour TIeyed sniy
159103 wSAwoson,,
ISESYJION Snonproap pue
saroads mau 2+ € ‘1som ut sseib 8v 1ebprnioys snN/, erripebbay,,
1sed pue 159303
ejedts 2+2 e[nsutuad usoaiblaad 87 J9juSATIOWSIO msﬁmmw wSAWOXeN ,
19lIqeH AS.EQE:Z
XP[dATOd ©INd[dOTdOH  eThulIoj puerreyl auieu OTJJIUBIOS [[NAYS UO paseq
jo jo ArewrwreN uy awosowoaysn satoads pejeras
sajoadg satoadg uonInqinsig 3o sdnoin
(2)°H1

(penupuod) °1 arqeg

821




*uosiawd jo w12 (L)
*UYON ut pauuim} Jjed [eixe-1sod (9)

‘ddo1n jo ‘ejep ‘rewbusiyd ’{9310H uiodung je gy-zy orydiowiiod (S)

‘puelst jnwesg uo abefria pue ‘uiodwnyd ‘pes] ‘eiyd Hueg ‘jyoxbueq ‘rnquiyoes jo s8N0 ul (§)
*evioydelp se awes ayj noqy (g)

‘punoj usaq sey ejeunioad (z)

*ueoun ‘yopueras ‘uag joH Huox ‘erewry Jo ejep - Jdqunu protdid (i)

is9j0ulcoj
ernsuiuad 1sa10]3 niepneojbuor
Z+2Z pue 1S9A Ul ooqueq m>Eo~mamH.Hw
i 1582103 m@EO.ﬂJ &
3 Z+0 e uj coqueq s Awopodoxiyd -
1seayuoON 82 mwom._mHOW
e+ 2 pue yuoN aued 82 euInNa[apuep
m (tesioqie) sndoatyo
4 2+ 2 1SROYHON 1sa103 m:ow\::o.:cOw

1@1qeH ()equnN

xerdAjod exnardotdoH eINWIOY puertieyr aweu DIJTIU3TOS TINNS uoO paseq
; Jo Jo Arewwr e N ut auwrosowoayd soroads peojeral
i satoadg satoedg uoInNquUISIa Jo sdnoin)
] Abooﬁ

(penupjuon) ° 1 °1qel |




Ecological and Epidemiological Survey for Rabiesvirus
in Cave Bat Populations.

Principal Investigators: William A. Neill, SPS E-5
Dennis O. Johnsen, MAJ, VC
Robert L. Hickman, MAJ, VC
Paul C. Smith, MAJ, VC

Assistant Investigators: Kwanyuen Lawhaswasdi, D.V.M.
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 2n-
ing for rables 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 MK, 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 inocui.‘ing rabbits with the viral isolate,
S-198. 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 ard 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 MKZ 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 ot 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.

824




akaian s » b o AL S S kb i

Surveys of Domestic and Sylvatic Animals for
Rabies Virus Infections.

Principal I.vestigators: Robert L. Hickman, MAJ, VC
Kwanyuen Lawhaswasdi, D.V.M.
William A. Neill, SP5 E-5

Associate Investigators: Dennis O. Johnsen, Maj, VC
James P. Slowey, SFC 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 specimer. . and the lack of any control
over selection of specimens and feed back .. intormation, 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 !.e 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 were submitted as survey specimens so the results
of these examinations are included in the routine diagnostic report
{Department of Veterinary Medicine Suppcrt Activities). Progress to
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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 intections 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.




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 te~*2d for an IFRA titer.
Additional sera are collected and teste': tiioughout the pre-exposure
course of immunizations. If and whei. a volunteer is exposed to
rabies virus, a second series of sera specimens is collected for
IFRA titer determination. Mnuse neutralization tests are performed
for comparative purposes using each of the sera specimens from
randomly selected volunteers.

* Peace Corps Physician, ¢/o American Embassy, Bangkok, Thailand.
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PROGRESS: During the reporting period a total of 324 sera were
submitted and examined for antirabies titers by the IFRA technique.
Of these, 54 were selected for IFRA - Mouse Neutralization compa-
risons. A quantitative relationship could not be demonstrated
between the titers 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 25 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 Aj). 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 X; was compared with A1, A, By, B,
Cys C2, D1, D2, E, and Eg, in the second series a second man

(X5) was compared with the same hosts as X3, and in the third

series X3 was compared with Ag, A4, B,, By, C3, C4, D3, Dy,
Egand E,. In the fourth series X4 was gompareé 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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PROGRESS : 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) man, 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
f 830




T

i » e o o =
] ! m _
61 v |se 4 8 S [oT° L6 | O1 SlIit° | st S s 1" | Ly ST uax2ITY)
V)
1 ¢ 4 1L 1A 01 v jet’ 1¢C v v |Sg’ 89 124 v |8¢° <99 Y4 oreyjyng
vl s |vr° vt} z § ¢lzzr |sz! s | ¢|lss | os| 12| £ |zv: [ss | ot (D)8oq
] —
6 € |6z 82 8 z|leg" | sz 6 | z|86" | 29| 19 Z |09 {o01| 09 (@)81d @
v T |oo°1 6 6 T |LL°T ST | €2 1{60°1| S¥v | 6t I |zs'1]¢s 0S (3)uen
y X | g-v ¢ €x | 3-v. 2 ¢x | a-v 1 Ix | 9-v
ﬂ; X :-zwumo: X {ueW S31soy! X|ueW B1soH X | UBKW |SISOH
yusy | /4-v pjuey| /3-v juey /9-V quey| /9-V =
yuey o13ey woxy | oT3} woxJ 01318y woxJ OoT31®BY woxJy
Jo P.TIT00 i P.1102 PiT102 P.IT02 g-v
g bsop-oN ! i bsop‘oN bson-oN | bsop-on| s3soy
H |
14 | g z 1
SoTa9g
‘6961 ‘Tnwes yoy uo snidTdoqle SIPaY UITM S31S23 dduaasgexd 3soy Jo s3aynsey T 2IqelL

L Pt s i 2, S A i




Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA
Task 00, Tropical and Subtropical Military Medical Research

Work Unit 044, Virus diseases of man and animals
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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.S.;
Prani Ratarasarn; Pravit Songsaengterm, M.D.; Chanphen
Srimunta, B.S.; Ronald K. Stackhouse, SPS; Curtis A.
Stewart, SP6; Veeravat Supradish, M.D.; Tasna Tamaarree,
Dip. Med. Tech.; Prayoth 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;
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Mycotic Diseases

Coordinator: 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 25°C. Blood agar plates were also inoculated and incubated
at 37°C 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 25°C.

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 fjot.
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 C. albicans; two were positive
for T. rubrum and 1 was positive for Trichophyton mentagrophytes

(Table 2). 1In 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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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 i..fection. 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

836




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 foind 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 the 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 #ailures 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 ot 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 Strphylococcus 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 1its 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 C. 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 culturec were observed at 5, 10 and 15 days at 25°C 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, i
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 numier 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 predcminantly of gram positive cocci and rods. 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

TRT—T

Total

$peci- Nega- |Non-Patho-
Body areas| ~~“p. |tive for|genicFungi Positive Cultures
amined |Fungus | Isolated
Body 75 46 13 Trichophyton rubrum ]
(Trunk, Epidermophyton floccosum 1
Face, Trichophyton mentagrophytes 3
Arms, Candida albicans 2
Legs) Pityrosporum 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 /4
Trichophyton rubrum 1
Groin 14 1 1 Trichophyton rubrum 2
Trichophyton mentagrophytes 4
Epidermophyton floccosum 1
Candida albicans 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

g Rt ik




Table 2. Routine Mycology Specimens from American Nationals
1 April 1969 - 31 March 1970
Total NegativelNon-patho-
Body areas |Specimens| for genic Fungi Positive cultures
Examined | Fungus | Isolated

Body (Trunk, 6 3 2 Trichophyton mentagrophytes

Face ,Arms,

Legs)

Feet 5 3 - Trichophyton rubrum
Candida albicans

Hand 1 1 -

Head 1 1 -

Hair 1 - 1

Nails 8 5 1 Trichophyton rubrum
Candida albicans

Sputum 10 4 3 Candida albicans

Lymph node 1 - 1

tissue

Pus 1 - - Candida species

Cerebrospina 1 1 -

fluid

Lung aspiratgq 1 1 -

Total 36 19 8
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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 (ICHQ) 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 ICHQ 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 r¢ eived 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 bas 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. The
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.” AIl but 3 isolates of S. 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 chlorampnenicol 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 hacteria
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 to 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 donc 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 E1l Tor cholera cases
at Ubol 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-
ptenicol. 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 2

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

No.of Inhibited at mcg/ml
e S onl0.78[1.56]3.12] 6.25] 12.5]25[50{ 10d200]>200
Salmonella typhi 5 5] -] =-]=|=1]===}- =
S. kentucky 2 2 - - - | =] =] =] = -
S. derby S5 |48 | 7 |1 - | =-}{|-1|-l-t-1{-~- =
S. moscow 3 3 - | - ===l == -
S. weltevreden 15 1312 =-1=-1=-1-t-1-1- -
S. oslo 4 4 | == | =]=|=t==-1=- -
‘ S. panama 55 50 5 - - -] =]=] -]~ -
L S. muenchen 1 1 - - - - l=l=-] =t~ =
S. stanley 8 5 3 - SRS R R [y e L
S. senftenberg 1 Rl == 1=1=-1-A=-1=1IlF= -
S. lexington 6 4 | 2 =]=]=1]=1=-]1-1- »
S. heidelberg 2 20 A | N e ) ) (R e . ’q
S. typhimurium 7 6 | 1] -1~-1]1=-1=-}~-1- -
S. bovismorbificans 2 2 - | - - |- 1-{-]-1- -
S. virchow 4 4 | - - - |l=-1-t-1-1- s
S. tennessee 2 1 1 = = S (= el ] "
[ S. tananarive 7 6 1 - - === -] ~ =
S. anatum 4 3 1 - - |- ]=-l=-]-]- -
S. meleagridis 2 2 - - - - =]=] =] - .
S. enteritidis I 1 - | - - |- =l=~-f-1- = 1
S. newlands 11 8 2 - - |- f=]=-{ -}~ -
S. newport 11 9 2 - - - -l -] -] - -
S. paratyphi B 6 4 2 - O FU ] e P -
S. montevideo 1 1 - - - | -] =l=-]-1- -
S. claibornei 3 1 2 - - = }|=l=--1- -
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Table 2. (Cont'd)

No. of Inhibited at mcg/ml

Organisms strain

tested0-781.56]3.12|6.26[12.5|25 |50 | 100{200}>200
Shigella sonnei I 35 35 -] =] =] === =-1- -
Sh. sonnei form II 7 7 - =1 -] === -1- -
Sh. flexneri 1 9 9| = = =] -] ={-{ - | - 5
Sh. flexneri 2 49 48 1{ - -} -1 =-|=]=1- -
Sh, flexneri 3 22 221 = = -] =-]-]=-] ~1|- =
Sh. flexneri 4 A 71 -] -1 -1 -|-1-1-1- =
Sh. flexneri 6 1 1 -l -] -] - ~-{-] =-|=- -
Sh. boydii 1 4 a|l -} - - - == ~-]- -
Sh. boydii 2 4 4 - =] = =] ==} -] - -
Sh. boydii 4 1 1 - - -~ = - = =~ - =
Sh. boydii 5 3 3| = = =] - == =]~ -
Sh. dysenteriae 1 2 2 - 00| B RS B B B -
Sh. dysenteriae 2 3 3 - -l o] =] =] =] =] = =
Sh. dysenteriae 4 4 4 - -] = - =] =-] -] - -
Sh. dysenteriae 6 1 1 - -] =] =} =|=] =] = -
Sh. dysenteriae 7 1 ] - -l =] =] ~=-]=-] -1~ -
Aeromonas sp. 1 1 |l =] s =] =]=] =] = -
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Table 3

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

No.of Inhibited at mcg/ml
Organisms strain
tested|0-78/1.56]3.12{6.25] 12.5{25150({100]200{>200
Salmonella typhi 5 5] -| -1 -| -[|~-1]- - | -
S. kentucky 2 2| - =N RS = = -
S. derby §8 [S53 ) 2 - -1 -1-]- - -
S. moscow 3 3 - = = - -l- - -
S. weltevreden 15 |11 4 -} -1 -1-1- = -
S. oslo 4 3 - - 1 = == - =
S. panama 55 501 5 -] = - -1- = -
S. muenchen 1 1] - -] - S I - -
S. stanley 8 8 - - - -] =]=- = =
S. senftenberg 1 J - -| - A R - -
S. lexington 6 3 3 = = = | == - -
S. heidelberg V) )3 ISR RS R SR RN N [IC
S. typhimurium 7a 7 - S s N - -
S. bovismorbificans 3 2 1 - -] -{=-]- - e
S. virchow 4 4 = = ~ - =]- - -
S. tennessee 2 2| - - -] =|=-1- - -
S. tananarive 7 7 - - - -] -]- . -
S. anatum 4 4 - - = SIS S - -
S. meleagridis A 2 - - - -] -]- S -
S. enteritidis 1 1 - - - - = |- - -
S. newlands 11 11 - - - -] == - -
S. newport 11 111 - - -1 -|-1- - -
S. paratyphi B 6 6 - = = R [ i .
S. montevideo 1 1 - - - - =]~ - -
S, claibornei 3 2| - 1{ -] =-]-]|- - -
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Table 3 (Cont'd)

VPRI —

No.of Inhibited at mcg/ml
Organisms strains
tested | 0-78[1.5613.12|6.25]12.5 25|50 100)200/>200
Shigella sonnei forml 34 |33 1| -~} =1|-{-f -] - -
Sh. sonnei form II 10 10 -~ =-{-=-141-({-1 -] -1 =~
Sh. flexneri 1l 9 61 3| - - - | -1~ ol = =
Sh. flexneri 2 49 | 46| 3| - |- -{-1- - -] -
Sh. flexneri 3 22 19| - 3 - - |=1- -] - -
Sh. flexneri 4 7 71 -t -1 -1-1-f{-1 - - S l
Sh. flexneri 6 1 -l -1 1] -1=-1=-|-1 -1 - -
Sh. boydii 1 4 4 - - -1 ~-1-1- -1 - -
Sh. boydii 2 4 41 - | -1 -1 -1-|-] - -1l -
Sh. boydii 4 1 11 - | - - - |=}- = = -
Sh. boydii 5 3 3|1 - 1§ - - - |-~ =1 = -
Sh. dysenteriae 1 2 -] - - - | =]~ - - -
Sh. dysenteriae 2 3 -1 11 ~-12 - |-1- - - =
Sh. dysenteriae 4 5 5| - | -] - - |-~ - - -
Sh. dysenteriae 6 1 1] - - - -l-]- = -
Sh. dysenteriae 7 1 1] -1 - - S P - - -
Aeromonas sp. 1 1l -1 =1 -} -1-1=-] -] - =
{
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Table 4 : {
SENSITIVITIES OF ENTERIC ORGANISMS TO AMPICILLIN
1 April 1969 ~ 31 March 1970
No. of Inhibited at mcg/ml
Organisms strains

tested |0-78]1.56]3.12|6.25] 12.5} 25/50}100] 200>200
Salmonella typhi 5 5] =] =} «] @] a]l=] =1=] =
S. kentucky 2 21 - -] =] =] == =] -
S. derby 55 (52 -| =} -] =|-{-[{-]-13 i
S. moscow 3 3| -} =] -] =|=j=]=|-1 =
S. weltevreden 15 12| - =} =} =|=}|=-}~-111] 2
S. oslo 4 4| - | - - = |-|-1-1-1-
S. panama 55 21 =1 1| -] =]=|=-]-1]-152

) S. muenchen 1 1{ = - = =f|=|=-t=-1~-1 -
| S. stanley 8 g{ -| -] - ===l -{-1] -
S. senftenberg 1 1 - -l =] ===} --1] -
S. lexington 6 s - -~ -{-(-1-]-1]1 J
S. heidelberg 2 2 - -] =] = l=]-]~-]~-] - r
S. typhimurium 6 51 =| =] -] =f=t=]-1-]1 :
S. bovismorbificans 3 3| - =-| = ={=|-}-t1t-1 =
S. virchow 4 3 1 - -] =l=(=|=~1=-1 -
S. tennessee 2 2| =-| - - =|=-|-|-1-1 -
S. tananarive 7 6| =1 =] =] =J]=-)1=-1=-]~-]1
S. anatum 4 3 - 1| =] = J=-}=1~-1]-= &
S. meleagridis 2 2 - -] @« -] -] - =
S. enteritidis 1 1 - - =] = f=f=-1-1-1 -
S. newlands 11 (11 - = -t = |= -f-1 -
S. newport 11 11 -l = - = [{={=-|=-{-1 =
S. paratyphi B 6 6 - -] =] === =-]=-] =
S. montevideo 1 -1 -t - - ~-|=f-f-1-11
S. claibornei 8 3| =-| «] =] ===l =}|=1] -
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Table 4, (Cont'd)
No.of Inhibited at mcg/ml
f e i::::; 0.78{1.56(3.12{6.25/12.5{25(50| 1040 ZOOLZOO
Shigella sonneiformI| 33 211 6} 2| =) =|f~=|=1=-1 2] 2
Sh. sonnei form II 10 115 1| =} = |=]=]=-11 2
Sh. flexneri 1 9 8| - | - | = =|=]=~-]=-] 1] -
Sh. flexneri 2 49 4 | 1 2 1| - J1]=}~-1 - -
Sh, flexneri 3 22 18y 1 -4 =-]=1=-1-13 |- -
Sh. flexneri 4 7 4| 2| - | =} = |=|=/=-] - 1
Sh. flexneri 6 1 1l =] -] = =]=|=]=| -] -
Sh, boydii 1 3 2l =l =-f =] =-f=f=l=-|1] =
Sh. boydii 2 4 S| - 1 - | = =] a]=] - -
Sh. boydii 4 1 1| = | = | = | = |=|=-[=] - -
Sh. boydii 5 3 21 - = 1] = |=|=]=} =] =
Sh. dysenteriae 1 2 11 -1 - -l = |1 ]|~ - -
Sh. dysenteriae 2 3 -}l -1-1-=-1=-1=|=[-13)] -
Sh. dysenteriae 4 5 -l =-t=-]=-11]=]=|=-13 1
Sh. dysenteriae 6 1 1| -1 - - | = |=}=]=-1 = 3
Sh. dysenteriae 7 1 1 -] - -=-{=[|=]|=-]=-]=] =
Aeromonas sp. 1 1 -1 - - - === = -
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Table 5 *

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

No. _Of Inhibited at mcg/ml }
OrgantSh S milo.78]1s6 [3.12]6.25]12.5]25]50{100]200 200
Salmonella typhi 5 4 - 111 - SR = R SFTS ([ (R
S. kentucky 2 2 -l - =-]-=-1]={=-]=-1-1 -
S. derby 56 3g |11 |3 ] -t11]|-]-1-]2} -
S. moscow 3 2 1]l -1=-1-|=-|-|-1-] -
S. weltevreden 15 6|41 |-|-1t-]-1-1]3 ;
S. oslo 4 |-l |=-|=1-]-1-]-1- J
S. panama S5 -1 216 |(-11|{=-f-f{-1{ 6140
S. muenchen 1 - 1] - =] =}=]=]=-1]1-] -
S. stanley 8 3 sl -1-1-=1-!-]-1-1] -
S. senftenberg 1 -l -t 1]=-1-1|=-1=]=-1-] -
S. lexington 6 4 2 - | - - | =] ~ -] -
S. heidelberg 2 - -1 2{-f=|=-1=1=-1]=-] - h
S. typhimurium 7 4 | 3| -} -1~ ]=-]=-1-]-1 -
S. bovismorbificans 3 2 1= =-]=-1]=]==-1=-] -
S. virchow 4 3 1| -1 = =|={=-}t-]-] -
S. tennessee 2 1 1| -] -] =}=]=-{=1] -] =
S. tananarive 7 2 Sl -t =} =f={-t=] -] -
S. anatum 4 o 3 1} -] =-1=-l=-]1-1-1 -
S. meleagridis 2 2 -] -] - - | =} =] = o [
S. enteritidis 1 1l -l -l =-1=-|-l-{-1-] -
S. newlands 11 8 1 1) -1 =1=-1-1-1]1-11
S. newport 11 5 4|2 -1=-1=-]-1-f-1 -
S. paratyphi B 6 5 1 -] - = |l gl allie - -
S. montevideo 1 - -1 -1 - 1 |-~ -1 -1 -
S. claibornei 3 - 1j2]1 -1 =-1=~]=l-1-] -
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Table 5. (Cont'd)
Grandsme sNt:a.igfs Inhibited at mcg/ml
testeq | 0.78{1.5613.1216.25{ 12.5{25| 50| 100{ 200{>200
Shigella sonneiformI| 34 6 |11 |11 2 - {=-1- - - 4
Sh. sonnei form II 10 12| 2 |-=-1=|=I=1] - 1 4
Sh, flexneri 1 9 -] -1 6|2 1 ]=1=] -] - =
Sh. flexneri 2 48 21 620 |10 9 }1]=-| -] - -
Sh. flexneri 3 22 217111 1 1l=-}=-1 -1 - -
Sh. flexneri 4 7 -1 = 3 - 4 | == - - -
Sh, flexneri 6 1 -l 1| - -] =}1=1=] -1~ -
Sh. boydii 1 4 -1t 1] -1-=-01=]-]~-1- )
Sh. boydii 2 4 -l =1 2712!1-1-1-1-1-1 -
Sh. boydii 4 1 - =1t 1] = =-f=1=-] -] - =
Sh. boydii 5 8 3! = =] =1 =|=]=-{ -1 - -
Sh. dysenteriae 1 2 1 - 1 - S Pl R S - -
Sh. dysenteriae 2 8 - - - - -1 == - 1 2
Sh. dysenteriae 4 1] -} 2 1| -{-]~-1 -] - =
Sh. dysenteriae 6 1 - | - - S T R - -
Sh. dysenteriae 7 1 11 - - - -l el =] = . -
Aeromonas sp. 1 1) - - - - = -] = - -
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Table 6

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

No. of Inhibited at mcg/ml
Organisms strains

tested|0.78{1.56 |3.1216.25]12,5/25|50{100{200/>200
Salmonella typhi 4 -1 =121 1 |=]=] | «| =
S. kentucky 2 -1 =-1=-1-=-1=-1]-l-1-1]-1 2
S. derby 55 -l 142 |5 |5 [-|-|-1|-] 2
S. moscow 3 - - 2 1 - | == - = | |1
S. weltevreden 15 - - 9 2 1 I =1=} = =l =
S. oslo 4 11| 2]~]=1]={=|~-] =} -
S. panama 55 3 7 |38 1 1l | =]=-] = -1 5
S. muenchen 1 - - 1 - N (R (S [ = =
S. stanley 8 - 1 4 | 2 1 (==l -1]-] -
S. senftenberg 1 =0 R N TR A Y NS
S. lexington 6 - - 3| 2 1 | =-|-]| - - -
S. heidelberg 2 = =t 72} =1=I=l=F=1] =] =
S. typhimurium 7 1 - 112 1 |1j=-] - - 1
S. bovismorbificans 3 -1 |1l =-1=-1q-1-1-1-11
S. virchow 4 -1 - 3] =]~ 11l=-] -1 -] -
S. tennessee 2 - - - 1 1 | =|=] = - -
S. tananarive 7 - |1 111 3 |=f=-] =] -| =
S. anatum 4 - - 2 1 - |11(=-1] - = -
S. meleagridis 2 -l =] =] =] 2]c]=] =] =] =
S. enteritidis 1 - - - 1 - | = =] - -] -
S. newlands 11 - X 4 4 2 | ={=] - = -
S. newport 11 -l -14|2]|5s|=|=|=-] -] -
S. paratyphi B 6 - - 3 2 - | - =] - - 1
S. montevideo 1 - -] -=-=-1-1-}-|-|1
S. claibornei 3 = =gl =1=1=l=f -] =1 =
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Table 6. (Cont'd)
No. of Inhibited at mcg/ml
SR i:;::; 0.78]1.563.12]6.25{12.,5{25{50(100 {200~ 200

Shigella sonneiformI| 34 - 1} 4 - -] 1f14| 5 2 7
Sh. sonnei form I! 10 -l -] - -=-{=-1=|-13) -] 7
Sh. flexner! 1 9 -l -1 - 1 -l-11 -1 - 7
Sh. flexneri 2 49 81 2 3 1 |11 {16] 3| 2 2 1
Sh. flexneri 3 22 - - 1y - =-j1]3}]~-]11 6
Sh. flexneri 4 7 -1l =-1-{1-1-1=-1311]-1]3
Sh. flexneri 3 1 -l -l -|=-f11]=]=t=-]-1 -
Sh. boy i . 4 -l1fr] -] -]=l-]-]1]1
Sh. boydii 2 4 -l 1}-[=-f=1=1=-{=-1-1]3
Sh. boydii 4 1 - =111 -1 =|=]=1=-]=-1 -
Sh. boydii 5 8 - | = 2 - 1 |- = - - -
Sh. dysenteriae 1 8 - = 1] - -l=-1-11 - 1
Sh. dysenteriae 2 3 -l -1 =t =1=1=-1-12 1
Sh. dysenteriae 4 4 -1 -1=-1-1-1-l-1-13
Sh. dysenteriae 6 1 - 1 - - - {=-1=-]- - -
Sh. dysenteriae 7 1 -1 - I - - == - - -
Aeromonas sp. 1 1] - -] - -]l -] =-] - -
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Table 7

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

No. of Inhibited at mcg/ml
Organisms strains
tested [0.78[1.56[3.12(6.25 |12.5 [2550/100 [200 p 200
Salmonella typhi 5 1 1 3| =} === -1 -] = 1
S. kentucky 2 2l -l =] =] ~{=]=}=1 -] -
S. derby 55 10 {24 |12 3 4 (1|~ - - 1
S. moscow 3 2| - 1| = = (== -1 -] =~
S. weltevreden 15 21413 2 1 |=-1-11 1 1
S. oslo 4 -4l -] =|=]=|=]=-] -] =
S, panama 55 1 7 121 8 |12 |5|-] 1 - -
S. muenchen 1 PR DV D R T IR B e R S
S. stanley 8 gt @ lb@l =2 ad=1=-1=1ll=1 =
S. senftenberg 1 T (R I S S R ) e SR
S. lexington 6 Ll allg = l=1=l=1=1I = = :
S. heidelberg 2 S N T R R T (Y (R (S 1
S. typhimurium 7 11312 = =|=|=|=|-11
S. bovismorbificans 8 1|1} -1} ~t=]--1 -] -
S. virchow 4 111 1] 4 1={-|] =] =] =
S. tennessee 2 -] =l 2] = = (=]=] =] -] -
S. tananarive 7 S| 2| =} =} === = -] =
S. anatum 4 - 1 1 - |1]=-] - = -
S. meleagridis 2 - 1 - | - 1 [l =i =1 & -
S. enteritidis 1 -l =} =l 1] === -] -1 -
S. newlands 11 1| 5| 4 1 - =)=l =f =] =
S. newport 11 1 4 6 - = [== - - -
S. paratyphi B 6 1 1 3 - 1 | =] = = — -
S. montevideo 1 -l -] =] =1 === -| -] 1
S. ciaibornei 3 1l - =1 2] ==~ -] = -
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Table 7. (Cont'd)

No. of Inhibited at mcg/ml
Cleariers f;i:is 0.78{1.56 {3.1216.25(12.,5{25{50{100{200 200
Shigella sonneiformI{ 34 2 3| = | = =F=1=-11 3 |25
Sh. sonnei form II 10 -] -1 - 1|1 |=-{1)=-1=-117
Sh. flexneri 1 9 1| -1=-1=-11]|=|~-14]|-1 3
Sh. flexneri 2 49 |10} 1] -1~ ]1]-|5]25 5] 2
Sh. flexneri 3 22 1{-1- - |1}=-11 |12 7
Sh. flexneri 4 7 -} -1 -1-1]1}=-}=}-1-168
Sh. flexneri 6 1 -l -] =-|=-]=]=}1]=-|=-1-=-
Sh. boydii 1 4 11 -f=-]=-11|=}=-}]=-11
Sh. boydii 2 4 1l -] =-1=-1=-1]-}-1-12 1
Sh. boydii 4 1 - - 1 -l = ]=]=]=-1 - -
Sh. boydii 5 3 1| 1] =-f=-11}=-]=}=|-1]-
Sh. dysenteriae 1 2 - - 1 - - || =] - 1 o
Sh. dysenteriae 2 3 2| - 1 (-] =-{=|-}t-}-{ -
Sh. dysenteriae 4 4 1 1 - = R T 2
Sh. dysenteriae 6 1 1] - -l =-|=-f=-l=-1-1=-1 -
Sh. dysenteriae 7 1 - - - - 1 j=) =] = - -
Aeromonas sp. 1 O [ (S R B e B ) B S
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Table 8. Obligate Anaerobes from Stools of Thai Children with Acute
Diarrhea

Organism Number of Isolates

Bacteroides fragilis 86

Bacteroides incommunis® 76

Bacteroides variabilis® 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 Iodochlorhydroxyquine (ICHQ) on Vibrio Excretion of
Cholera Patients in Thailand 1968-1969

Tr;rZsznt No. of Patients Excreting Vibrios Through Day

Day 0 1 2 3 4 5 6 7 10
ICHQ 39 36 31 30 22 16 11 6 0
Control 29 26 25 22 21 18 15 10 0

Table 10. Distribution of NAG Vibrios Isolated from Food Handlers,

Ubol City July 1969

Heiberg group

I

II

III

Y

VI

Total

860
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Acute Bacterial Meningitis in Thai Children

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

Principal Investigators: Chiraphun Duangmani, M.D.
Howard E. Noyes, Ph.D.
Prakit Kasemsarn, M.D.*
Pramuan Sunakorn, M.D.*

Associate Investigators: Udom Lexomboon, M.D.*
Pethai Mansuvan, M.D.*
Pitsawas Thongphakdi, M.D.*

Assistant Investigators: Yachai Ampaipast, B.S.
Panyasri Benjadol, 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) 150 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 followup 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 D.
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

D. Bneumonlae or H. influenzae in most cases. While all isolates of D.

Eneumonlae 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
Haemophilus influenzae 3 1 25
Salmonella newport 1 0 0
Escherichia coli 0 1 10
Candida albicans 1 0 0
Negative cultures 8 4 33

Total 17 7 29.1
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Acute Pneumonitis in Thai Children

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

Principal Investigator: Pramuan Sunakorn, M.D.*

Associate Investigators: Chiraphun Duangmani, M.D.

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

Assistant Investigators: 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 thiroat 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 D. 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

*Cniidren'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 :dy 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: Howard E. Noyes, Ph.D., Chief, Department
of Bacteriology & Mycology

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

Associate Investigator: Chiraphun Duangmani, M.D.

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

OBJECTIVE: This study was designed to evaluate Neosporin(R)** 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 wer? genetrating
wounds of the head, chest or abdomen. Topical Neosporin(R), a commer-
cial mixture of necmycin sulfate, zinc bacitracin and polymyxin B, or
a placebo was administered twice daily as an aerosol. Neosporin R) 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 patientshave 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
**!"Neosporin'" Aerosol and placebo was supplied by Burroughs Wellcome
& 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 albicans has not been a serious
clinical problem.

SUMMARY: A double-blind study is being carried out to determine the
effect of topical Neosporin R) 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

Clean and closed primarily
Open and clean, healthy granulation tissue
Converted recently to clean open wound
Open, not clean but improving
Previously closed and opened for drainage
Periwound erythema with edema, induration and tenderness
Presence of foreign body
Serous drainage
Purulent drainage
Necrotic tissue present
a. Skin
b. Muscle
11. Wound deteriorating (further invasion, mecrosis, increased drainage)
12. Presence of crepitus
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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

*On 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.

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 Ps. 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 Ps. 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 lIA 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 Ps. 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 immunologic
response to Ps. 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 veporting 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 diagnosed 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 Ps. pseudomallei which was less than 1:20 in January rose to 1:2,560.
On 20 March he complained of fever and shaking chills 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
rates, 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 hospltallzed 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.mm. with 28% polymorphonuclear neutrophils, 70%
lymphocytes and 2% eosinophils. Hemoglobin was 11 grams %; VPC was 43
volume % and ESR was 11 mm/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 ESR10 mm/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 1. 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
Taenla spp. ova. HlS sputum was again positive for Ps. 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 1bs 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 1:20,480
16 December 69 1: 5,120
14 January 70 1:81,920
11 February 70 1:20,480
12 March 70 1: 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 Ps. 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 mcg/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 Ps. pseudomallei was documen-
ted in Yala, Songkla, Prachinburi and Maehongsorn Provinces but was not
detected in water soil samples from Vientiane, Laos. Fifteen of 878

Thai 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 vicina) in Thailand

Principal Investigatoers 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 cr 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 F{ generation
by methods outlined in Memorandum Number 3 (Methods for

Deter mining 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 Maneechai
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 Organizatioan. 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, dieldrin,
malathion, fenthion and carbaryl. Impregnated papers were prepared
according to WHO standard techniques and were supplied by WHO and

US Army Envircnmental 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 Duc [Dalat], and Binh Dinh [Qui
Nhon] and from the provinces of Phranakhon [Bangkok], Surat Thani
[Koh Samui], Nakhon Ratchasima [Korat] and Chieng Mai in Thailand
were established in the SMRL insectary. In addition, a second spe-
cles, 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. cheopis, 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 lindane and
carbaryl. The LC5p 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. cheopis 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 murinus], 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. cheopis initiated bef-re 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 Pleiku, Dalat and
Qui 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. cheopis from Vietnam tested were so resistant to DDT

that the standard 1 hour exposure to DDT-impregnated 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] occcurred among all colonies.

The LC5¢ 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 [Qui Nhon, Tuy Hoa] died after 32 hours expo-
sure to 4 per cent DDT. The mortality rate, following this expos:re
time, was less than 50 per cent of fleas for the other Vietnamese
strains of X. cheopis tested.

Xenopsylla cheopis from Thailand were highly variable in response tc
exposure to DDT. Those from Koh Samui 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. cheopis susceptible enough to calculate an
LC5g [based on 1 hour exposure] came from Klong Toey in Bangkok and
from Gainesville, Florida. The LCs5gp for the Gainesville strain was
3.4 per cent. The WHO has established that the LCgy for a susceptible
strain of X. cheopis, unsexed, ranges from 0.35-0.7 per cent and the
LCinp 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 klossi,
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 LC5, for this species was 1.4 per cent. The mortality of
S. klossi 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. klossi 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 LCgg for lindane 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 lindane. Fleas from Thailand
were a little more susceptible. The LCs5g was between 0.2 per cent
and 1.0 per cent when they were exposed to lindane impregnated pa-
pers. Mortalities of 94-100 per cent occurred following a 1 hour
exposure to paper impregnated with 2 per cent lindane, while 75-100
per cent of X. cheopis died after a 1 hour exposure to 1.6 per cent
dieldrin. The LC;, for dieldrin 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 lindane and dieldrin. This was evident in
colonies from Pleiku and Nha Trang, Vietnam and from Koh Samui, Thai-
land [Table 1]. Dieldrin was tested against as many colonies as
lindane. Stivalius klossi was not resistant to lindane impregnated
papers [LCsg 0.3 per cent lindane].

MALATHION AND FENTHION: The organophosphates malathion and fenthion
appear to be satisfactory pesticides for controlling X. cheopis.
Results were quite uniform among the various colonies of X. cheopis
tested. The LC5y for malathion varied between 2 per cent and almost

5 per cent. When X. cheopis was exposed to paper impregnated with

5 per cent malathion, mortality was about 60-100 per cent. One hour's
exposure of X. cheopis to paper impregnated with 2.5 per cent fenthion
was highly lethal [between 84 and 100 per cent mortality]. Less than
8 per cent of 40 Stivalius klossi 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 malathion was only 30 per
cent. Thus, S. klossi 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 LC o vere mot 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 bioassay 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 2] 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
colum] 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., 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 demonstirated.

Values for X. cheopis from Gainesville, Florida, and for Stivalius klossi

[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.l

Panita Lakshana, B.Sc.
K.C. Emerson, Ph.D.2
Harry Hoogstraal, Ph.D.3
Joe T. Marshall, Ph.D.
Harold E. Stark, Ph.D.

Associate Investigators: M. Nadchatran®

Edward W. Davis, SFC
Inkam Inlao
Nongnuj Maneechai

Assistant Investigators: Nittaya Klaimanee

Prachong Punthusiri

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.
Aliquots 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 dipterocarp forest and

W

Rocky Mountain Laboratory, Hamilton, Montana
Office of the Assistant Secretary Research and Development,
Dept of the Army, Washington, D.C. 20310
Head, Medical Zoology, US Naval Medical Research Unit No.3 Cairo, Egypt
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 Rachasima 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 bandicota, Rhipicephalus
sanguineus 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 rickettsial 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 trombiculid mites described from Thailand, but not
previously represented in SMRL collections, were identified during
this period. These species were 1] Ascoshongastia (Laurentella)
kittili from Rattus rattus, R. sabanus and R. fulvescens in Chieng Mai,
2] Sasatrombicula siamensis from Rhinolophus luctus in Chieng Mai,
and 3] Whartonia prima from Hipposideros armiger in Chantaburi pro-
vince. A fifth species, Leptotrombidium (L.) nakatae collected in
Chiengmai, constitutes a new record for Thailand.
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Plague Occurrence in Wild and Domestic Rodents and their Fleas.

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

Asgoclate Investigators: Junz 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 thelr 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 1s 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
B. 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 Army 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 [Ctenmocephalides
felis, C. canis and wild rodent fleas]. The list of flea speciles
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 me=x:.
number of X. cheopis per infested host averaged 2.5 and 2.6 respec-
tively, according to Saigon data. R. exulans had only 0.55 fleas
per infested host which suggests R. exulans is less suitable host
for X. cheopis. Suncus murinus had 1.2 fleas per infested host and
Bandicota indica and B. 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. norvegicus predominant.

In Cam Ranh Bay, R. norvegicus was replaced almost entirely by R.
rattus over a long period of time starting in January 1°%9. The
galensis]also increased in prcportion. In Té; Ninh, which is more
rural, R. norvegicus appeared only occasionally and bandicoots

assumed the predominant role, their numbers fluctuating in relaticn

to populations of other mammals,
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Pasteurella pestis Infection in Humans.

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

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

Assistant Investicators: 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 recelved immunization., Thirteen individuals were uncertain as
to their 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.

*lorean 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, CPT, MSC, Tanongsak Bunnag,

M.D., Damri Chawalitrutiwong, Tan Chongsuphajai-
siddhi, M.D., Ph.D,., Nipon Chuanak, Dhira S, Comer,
M.D., Svasti Daengsvang, Med.DXanjika 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
Kanakakorn, 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-nakorn,
Tongchai Papasarathorn, M.D., M.P.H., S.M.
(Harvard), Katchrinnee Pavanand, M.D., Barnyen
Permpanich, R.N., Pirom Phisphumvidhi, B.Sc.,
Sajee Pinnoi, Sompone Punyagupta, LTC, MC,
Thamma Sakulkaipeara, 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, pvml 2
Terdpone Tesprateep, DVM

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

OBIECTIVE: A study of grossly visable 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.

Pigs.
Macracanthorynchus 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%.

Cysticercus 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™,

Metastrongylus 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.

(1)

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 saeys "classification of the Paramphistomes should be left

to the experts"(4),

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.

Elageophora 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 pa(sls year we h?2ve found anumber of
cattle affected also. Neither Segal‘'”/ 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.

Syngamus larygeus, 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, (1) Mohan (2) and 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.

Setaria digitgta 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(z) do not mention this parasite or any Setaria in
Thailand.

Tuberculosis seems to be present all over the world and Thalland 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 Mycobacterium

bovis,

Hydatid_cyst, the larval from of Echinococcus granulosus 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 w2 have seen many cases of these
diseases. As would be expected in an area with many mosquitoes,
the heartworm, Dirofilaria immitis 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, Aleurostrongyius 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 stercorglis of the lung and
intestine.

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: George S. Manning, CPT, MSC

Associate Investigators: ~ Vithoon Viyanant, B.S.
Pravet Lertprasert
Kitti Watanasirmkit, B.S.

OBJECTIVE: 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 1
the involved areas were reluctant to cooperate, possibly because of earlier j
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 Nakorn Sri Thammaraj snails
for schistosome cercariae,

Snail species No. Exam. No. Pos. Remarks

Radix rubiginosa 2475 2 Orientobilharzia
harina suti

Brotia lagevis 220 0

Wattebledia siamensis 550 0

Bithynia sp. 440 0

Clea sp. 115 0

Melanoides tuberculata 37 0

Trochorbis and Helicorbis spp. 250 0

Total: 4087 2

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

Principal Investigator: Carter L. Diggs, LTC, MC

Associate Investigators: Barnyen Permpanich, R.N,
Stanley W, Theune, MSG
Robert Gentzel, SSG

Assistant Investigator: Nipon Chuanak

OBJECTIVE: The objective os this study was to determine the effect of
serum from monkeys chronically infected with Plasmodium coatneyi or
Plgsmodium 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° rarasitized 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 II) 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 P. coatneyi 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 these 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 P. inui 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. coatneyi
and P._inui 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. coatneyi serum treated group was lower
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Table 1.

Summary of P,

coatneyi infections prior to peak parasitemia
in serum treated monEeys.

Serum Source Monkey No.| Weight | Prepatent period |Parasite burden *
(Kg) (daysg (% days)
Normal 81 2,8 10 4.2
monkeys 68 2.8 14 0.3
82 88 20 0.4
Mean 3.0 14.7 1.6
Monkeys infected 74 2.4 8 8.1
with P. inui 72 2.8 10 0.2
73 3.2 10 0.5
Mean 248 9.3 1.3
Monkeys infected 77 2.0 16 0.2
with P, coatneyi| 78 2.8 16 0.02
76 3.2 14 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.

serum treated monkeys.

Summary of P. inui infections prior to peak parasitemia in

*
Parasite burden

Serum Source Monkey No.| Weight | Prepatent period
(kg) (days) (% days)
Normal 86 28 ] 245
monkeys 85 A 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 2 7 0.3
89 2.3 2 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 1555 7 0.5
Mean 2.2 5.0 LI

* Area under the curve of per cent erythrocytes parasitized vs.
time (days).
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than in the P, inui serum treated group.

Increased Susceptibility for Rats to Plasmodium berghei after Treatment
Designed to Induce Immunologic Tolerance.,

Principal Investigator: Carter L, Diggs, LTC, MC
Associate Investigator: Barnyen Permpanich, R.N.
Assistant Investigator: Nipon Chuanak

OB TIVE: Immunity to Plasmodium berghei 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
immunologic 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 cyclophosphamide.
This technique was adopted for use with P, berghei 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. berghei 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 27 mg of cyclophosphamide 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 ax10”7 parasitized erythrocytes per 100 gm body
weight, and the course of paras’temia monitored by trin blood films,

1

PROGRESS: Death of all but three of the group 1rats (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 cyclophosphamide
908




jLonRueldXE 10] 1X3] 825]) abua]|EY2al pue Juswiean] Hrup bunnp
5EjAICAL AL O gayrseled (@0l JO OB SE possaldxa s1el Ul Bruajrseled 1eyblaq wnipouwseld 2 T Bl

SAvad

o 0

-9°0

909

3/d
r8°0

z
m
o
—&
B
=
e
=
=
=
=
=
]

rO |

{0} 1 4NOHS 0L I0INVHASOHDOTIAD —>

—
INIZVIQv4INS —2
—>

g il




quickly suppressed parasitemia (circles); further sulfadiazine 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 Il animals on day 25. By day 36,
six days prior to challenge, reticulocyte counts were 7-9% in group I,
4-6% in group II, and 5-7% in group III (normal controls). Individual
reticulocyte counts in the group IIl animals ranged from 3-8% during
the observation period. On rechallenge, little parasitemia developed
in the previously uninfected rats (group III, triangles; maximum
individual parasitemia, 9 parasites/100 erythrocytes) and even less

in the sulfadiazine treated animals (squares; maximum individual para-
sitemia, 0.3 parasites/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 to the well known
phenomenon of acquired immunity. The three rats which had received
cyclophosphamide, however, (plotted individually, circles) sustained
higher parasitemias 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 reticulocyte 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. berghei malaria
cyclophosphamide, regimen exhibited abnormally high susceptibility
to rechallenge with P. berghei. It is suggested that immunologic
tolerance to protective antigens was induced.

2. Incidental to the experimental was the observation that cyclophos-
phamide rapidly depresses P, berghei parasitemia in rats.

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

Principal Investigators: Katchrinnee Pavanand, M.D.
Carter L, Diggs, LTC, MC
Assistant Investigators: Chirapan Vinagupta, M,T.
Barnyen Permpanich, R.N.
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OBJECTIVE: Previous studies in this laboratory have revealed that

during the course of a malaria infection, the sera of infected gibbons
{Plasmodium jeffreyi) 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 56°C 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 37°C for 60 min.
with rabbit platelets in the presence of fresh autologous rabbit plasma,
Ca%t and Mg"". The prerarations 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 in vitro.
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Table 1. iistamine release from rabbit platelets in the presence of
P , Lesions produced in
rabbit skin by the same sera are shown for comparison.

serum from P. inui infected monkeys.

Test preparation

Experiment No Rabbit skin | % platelet
Serum origin | Days post in- 1e:1on(d1a; h1§tam1ge
(Monkey #) fection | MELer (mm.)| release
1 MS-41 preinfection 0 9
Total histamine PK-36 preinfection 0 20
available PB-1 nomal 0 23
1.9 mg/ml cell blank - - 18
2 MS-41 prior to in- 0 10
fection
Total histamine MS-41 29 days 14 8
available PK-36 prior to in-
fection 0 20
3.6 wg/ml PK-36 15 days 14 8
PK-36 29 days 10 16
PB-1 nomal 0 15
SP-2 chronic
malaria N.D. 15
cell blank - - 10

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

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

Assistant Investigator: Thamma Sakulkaipeara

OBJECTIVE: Previous studies in this laboratory demonstrated shortening
of red cell survival time in monkeys with chronic malaria due to
Plasmodium coatneyi or Plasmodium invi. 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 destruction 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: Tbree chronic P, coatneyl infected rhesus monkeys,
SP8, MS5S, and PK21, and one chronic P. inui infected rhesus monkey,
SP6, were stuaied for red cell survival before chemotherapy with
chloroquine, 25 mg. base per kg. bodyweight intramuscularly over a
three day period. Daily examinations for parasitcinia were performed on
each animal, and routine blood examinations were done on each animal
once weekly. Mfter 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
913
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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
MSS59 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 coatneyi
or inui malaria retums 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 Pla smodium
cogtnevyi.

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

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

OBIECTIVE: 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 Plasmodium coatneyi 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 1
injected intravenously to simulate intravascular hemoiysis. Plasma
radiocactivity 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, coatneyi. 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. coatneyi. 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 7! 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 hcurs 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 detectad 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. coatneyl 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 Filariasis.

Principal Investigator: Carter L, Diggs, LTC, MC

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

OBIECTIVE: In spite of extensive investigation, serologic reactivity
in human filariasis 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 filarial worms not ordinarily pathogenic
in man. Recently a soluble antigen fluorescent antibody (SAFA) test
for bancroftian filariasis and snchocerchiasis 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 seroreactive in tests employing
antigens derived from the parasite.3 The present study was designed
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to evaluate the SAFA test for reactivity in filariasis due to Brugia malayi
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 precipitin 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 antiglobulin
estimated by quantitative precipitin tests.

In performing the 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, malayi microfilaremia; (2) 69 sera from American soldiers
recently arrived in Southeast Asia; and (3) 97 sera from Bangkokians
(blood donors and patients receiving prenatal care). This latter group
comprises an appropriate population for study in connection with the
question of seroreactivity induced by exposure to D. immitis since
there is active transmission of the parasite in Bangkok. Examination
918




of the distribution of fluorescence intensities obtained revealed fairly
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-probit paper. It is
apparent that the distribution of the transformed data appro.imates
normality as judged from these plots. The data clearly indicate that

the patients with Brugia mglayi infections have a higher reactivity

as a group than do either the American troops or Bangkokians. 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 Bangkokians was higher than that of American
troops and the difference was statistically significant (P <0.001, 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.

SUMMARY: The reactivity of sera from patients with B~gia malayi
infections in a soluble antigen fluorescent antibody (£ .AFA) test using
Dirofilariag immitis antigen has been studied. Approximately 50% of

the patients' 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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Assistant Investigators: Bruce A. Harrison, CPT, MSC
Ronald E. Marshall, SPS5, E-5

PURPOSE: Human infections with Dirofilaria immitis, the canine
heartworm, has been the subject of a number of reports. United States
and Japan, confirmed infections have occurred where Dirofilaria immitis
was found in the heart, lungs, subcutaneous tissue, conjunctival, or
periorbital area of humans. The possibility that this parasite is the
etiological agent for tropical eosinophilia has also been suggested
because huinans with this disease have a positive skin test to Dirofilaria
antigen and respond to treatment with the vermicide diethylcarbamazine.
Dirofilaria immitis occurs widely in dogs throughout Southeast Asia and
in some areas of Thailand may infect 100% of the adult dog population.
Because Dirofilgria is transmitted between dogs by Culex quinquefas-
clatus and Aedes aeqypt} , 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 primat=s may

be good animals to study heartworm infections as they occur in man.
Dirofilarig has been found in the hearts of two orangutans and was
tentatively identified as an incidental finding in the adrenal vein of an
SMRL gibbon. Since Dirofilaria immitis may become increasingly
recognized as a significant humarn 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 Dirofilaria immitis larvae which
were obtained through dissection of mosquitoes. The mosquitoes

had fed approximately three weeks earlier on a dog with a high
microfilaremia which, at necropsy, was confirmed to be infected with
Dirofilarig immitis. 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 Dirofilaria
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
921
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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 eosinophilia. 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 Sth 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 aeqypti was
exceedingly low and the high yield in Culex quinquefasciatus was

off set 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 microfilarial 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

Assoclate Investigators: Thanongsak Bunnag, M.D.
Dhira S, Comer, M,D.
Assistant Investigators: Aumpon Na-nakorn
Sajee Pinnol

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

DESCRIPTION: Epidemiologic 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
922
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studies were performed to clarify the pathogenesis of eosinophilic

myeloencephalitis caused by Gnathostoma spinigerum, based on
some findings in the study of human cases.

PROGRESS: A. Clinical and Pathologic Study,

During the period 21 cases of eosinophilic meningitis were studied;

19 cases belonged to the typical or and two cases were myeloencephalitis.
Of the 19 typical cases, 1l 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 angiostrongyliasis and eosinophilic meningitis. Both
cases of eosinophilic myeloencephalitis 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. Lgboratory Studies.

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

Backgre.:r', Epidemiologic evidence on eosinophilic myeloencephalitis
due to s ‘. ...0stoma 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 desiyied to learn more
about this and to study other animals including the definitive host.

Materials and Methods: Laboratory bred copepods were infected with first
stage G, spinigerum 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
925
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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. spinigerum larva following repeated infections
in transport hosts.

Background: It is suspected that the third stage G, spinigerum 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 G, spinigerum larvae cbtained 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 rigrated to the liver
or not. This finding is contrary to the other repcrts.

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%;
mesenteric 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.
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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 G, spinigerum 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 o' *ne 4th and 5th stage
Gnathostome larvae in mammals.

Background: All G, 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.

Materigls 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
tnird 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 hooklets and were longer than the
ordinary third stage. None involved the CNS. This experiment is

in progress.

Serologic 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 with F. buskj for antibody reactive with antigens of the worm.

DESCRIPTION: Sixty-two sera were collected from individuals previously
shown to be infected with F, buski. Control sera were obtained from
Americans and Thais with no history of parasitic infection and from
people infected with the liver fluke Opisthorchis 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-70°C. 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-70°C.

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 supernatants from reaction mixtures. The
difference in absorption (A A412) 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
AA 2 values of greater than 0.15 in the absence of antigen were
consﬁered anticomplementary. All measurements were performed

on duplicate reaction mixtures.

PROGRESS: Six experiments were performed comparing individual

sera in each of the four categories described above. A representative
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experiment is summarized in Fig. 1. Complement fixation was observed
with all four sera, but was much greater with the F. buski 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
( & A412 = 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 sera were studied. All

F. buski 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 A A 1 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 AA 412 Was
0.371.

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. buski serum
was higher than that obtained with any of the controls, the data indicate
that there is a serologic 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 FAN A412, Range in six experiments
F. buski 0.667-1.260
Q. viverrini 0.066-0,553
Normal Thais 0=0:3872
Normal Americans 0-0.257
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Fig 1. Complement fixation by four sera and E. buski antigen
930




Ja

Phanerosolus bonnei

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

Assistant Investigators: Vithoon Viyanant, B.S.
Pravet Lertprasert
Kitti Watanasirmkit, 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 (Enternbius vermic-
ularis) and one tapeworm (Taenia saginata) were found in the bowel.
Microscopic exarmination of the contents of the colon revealed both the
eggs of O. viverrini and the newly discovered trematode eggs. The
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intestine was carefully washed and in excess of 100 small (less than
1 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; acetabulun
median, well developed, in middle third of body; genital pore at or
slightly anterior to the level of the pharynx, submedian, prebifurcal;
vitellaria 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 irreqgu-
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 Q. 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
Phanergpsolus(llz) . To our knowledge, there is only one previous
report of human infection with a trematode of this genus; Phaneropsolus
bonnei Lie Kian Joe, 1°5]1, 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 nave been detected, one of which was at a distance of 40

kilometers from the others, P. bonnei is established as a naturally
2




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.

L scription of Fasciolopsis buski Infections
in 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 tzxa g 4

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, Ayuthaya 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
933
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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 F. 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 Muench(l) 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

dP “at
== = a -bP
dt ©

where e g 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

(e “bit . Tat '

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 X“ 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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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,

i PROGRESS: Pak Hai. An excellent fit to the data is obtained with the
E two stage catalytic curve, shown in Figure 1. In the test for fit, X2 =
E 7.70, DF =9, .75>p>.50. The exponential rates, a =0.23 and b =
0.024, can be converted into finite rates from:

l-e @ = ,205 per year
1-e b .023 per year

A(finite)
b(finite)

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

E 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 &n attractive one, but since there is little
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evidence for immunity to fasciolopsiasis, we suggest both explanations

(@) and (b) as being possible., Preliminary findings (see 1970 Annual
Report on Immunologic 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: 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

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

OBJECTIVE: 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 serum3. Furthermore anti-
body inhibitory to larval lactic dehydrogenase has been obtained from
rabbits infected with T. ggirali§4 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 37°C 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 mup. 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 mu. between a trichloroacetic 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 37°C prior to protease assay.

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

PROGRESS: 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 mu. 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 mu. 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
939
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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
940




Table 1.

Normal serum
Saline

Rabbit #1
Rabbit #2
Rabbit #3

Effect of normal rabbit serum and its 50%
saturated (NH4)ZSO4 precipitate on
T. spiralis protease activity

Mean A A280
Saline 0.091
Whole serum 0
Heated serum 0.027
Dialyzed serum 0.027
(NH4)ZSO4 precipitate 0.124

Table II. Effect of the 50% saturated (NH4)ZSO4
precipitate of immune rabbit serum on
T. spiralis protease activity

MeanA Ajg
Exp. No. 1 Exp. No. 2
- 0.100
0.107 -
0.089 0.069
0.071 0.070

0.085 0.080
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Fig 1. Effect of concentration of T. gpiralis secretion on production of TCA
soluble material absorbing at 280 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. Each
point represents the mean of duplicate determinations.

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 (10-20 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.

944




The Morphology of Gnathostoma dolcresi
Advanced Third-stage Larvae.

*
Principal Investigator: Professor Svasti Daengsvang, Med.D.

Assistant Investigators: Boonsiri Sermswatsri1
Pichit Youngyi, B.Sc.1
Dhawee Guname, B.Sc.1
Phaibul Sirichakwal, B.Sc. 2
Paisal Yingyourd, B.Sc.?
Rapee Machimasatha, B.Sc.2

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
hooklet 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 hookiets in each row of 23 G. doloresi advanced third-stage
120-225 day old larvae from white mice. The size of each larva was
also measured.

The results are shown in Table l; 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 cf 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 hooklet row
in this organism. Including the present results, the body size and

* Retroaciive in previous reports.

1 Worked for some months during the year before 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 mice during the reporting period
1 April 1969 - 31 March 1970.

Row No.
I I1 III v IV-1 Age Size

Larva No. (Days) (mem.)
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 34 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 4] 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 hool.let rows.
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hooklet 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 hooklets in 50 worms,

SUMMARY: Study of body size and cephalic hooklet distribution in 23
G. doloresi advanced third-stiage larvae showed an average body
measurement 2,96 x 0.4]1 mm; each row of cephalic hooklets had on
average of 36.7 to 38.0 hocklets., Every cephalic bulb studied showed
4 cephalic hooklet rows with the exception of two larvae which had 5
hooklet 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

* q q q
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

G. vietnamicum were found in the urine obtained from the bladder.

The worms and infected kidneys were kept for further study.

The other two river ctters 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 G, vietnamicum were repcrted 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 Nakornsrithammarat Province,
was found infected with 8 adult and 1 larva G. vietnamicum. Two
other otters from the same area were negative.




Chemotherapy of Ganthostomiasis
Principal Investigator: Professor Svasti Daengsvang, Med.D.*

Assistant Investigators: Boonsiri Sermswatsri1
Pichit Youngyi, B. Sc.l
Dhawee Guname, B.Sc.!
Phaibul Sirichahwal, B.Sc.2
Paisal Yingyourd, B.Sc.2
Rapee Machimasatha, B.Sc. 2

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. spinigerum in
the definitive hosts (dogs and cats)., Since immature worms are the
stages responsible for human gnathostomiasis, 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 G. spinigerum 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 n'“w 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 L5 ml each of Ancylol at

* Retroactive in previous reports.

1 Worked for some months during the year before resignation for further
education,
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, spinigerum 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. spinigerum
located in the tissue at the junction of the esophagus and the stomach
measuring 10.7 x 1,0 mm with 7 cephalic hooklet 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, ll 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, 95%). 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. spinigerum in cats and dogs is
summarized in Table 1. The study is to be continued.

SUMMARY: Multiple subcutaneous doses of Ancylol Disophenol (2, 6-
diinodo-4-nitrophenol) were used in this study of the chemotherapy of
G. spinigerum infections in dogs and cats. A dosage of 0.1 ml per
pound of body weight was given at weekly intervals beginning ] 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 Sermswatsril
Pichit Youngyi, B.Sc.1
Dhawee Guname, B.Sc.
Phaibul Sirichakwal, B.Sc.?
Paisal Yingyourd, B.Sc.2
Rapee Machimasatha, B.Sc. 2

OBJECTIVE: 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 srgans of
the animals at various times after being transcutaneously infected with :
larvae of the worm, i

PROGRESS: Observations of the skin penetration of third-stage larvae of J
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 i
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.

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

2 Replacement for 1.
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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 vaccinationagainst
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 stools 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,
but 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- i
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 mmand 4.0 x 0.6 mm (worm recovery rate 2.3%). J!

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 253 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 1
stomach contents. In addition, there was | 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. spinigerum larvae is summarized in Table 2.

SUMMARY: Observations of cats and dogs transcutaneously infected
with third-stage larvae of G. spinigerum were continued. Prepatent
periods in the 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 penetration by Gnathostoma spinigerum advanced third-stage larvae in 10 adult
domestic cats,

Days from §
skin pene+ Autopsy findings |
An.mal Source No. of tration of Daysifrom
Date and|j3ryae larvae to | first ova Remarks i
of frequency penetrated| first ova | POSitive stool {
of infec-[ghey the positive to first ova No. of worms| Stages of o —
No. larvae |tton skin and 4 stool negative recovered worms re- i
(oTBpowent (patent period) and % covered ed by worms
period)
1]
*Cat 38 | white 1322/8/68 53 154 + - 27 immature stomach Sacrificed on ]
mice & { 3 times | (62 %) (S1%) adult and abdominalwall 14 Jan 69 {(day
snake- males, larvae chest wall 154 of prepatent
headed females omentum period)
fish and larvae diaphragm
Cat 73 | white [5-6/9/68 42 176 144 + 3 males [mature aduly Gastric tumor | Died of unknown
mice 2 times | (93%) (7.0%) and omentum | causes with ova
dog positive stool
1 ' (day 144, on |
1 , ; 22 July 69) |
e == 7 i
i Cat 74 'snake- {17/79/68 46 195 + - 26 males, |immature stomach Died perhaps of
) headed 1 time (90 %) females adult and diaphragm, vaccination {on
4 fish and larvae |larvae costal, 1 April 69, day
(56%) abdominal and| 195 of prepatent
back muscles,| pericd)
abdominal fat,
Cat 77 ! white : 25/10/08 85 227 23 + 46 mawre mature and ! stomacn Died during ova
mice ) 1 time | (100%) and immature| immature diaphragm positive stools
] ' and larvae adults and | peritoneum (day 28 of patent
X i (54%) ! larva muscles of period, on 11 July
| : abdomen and | 69)
J' chest.
t
Cat 83 | white 30 10/68 61 310 89 o = - Still allve ova
| mice ' 1 time (100 %) ) , negative stool
! ! up to 31 March 70 . !
! (118 days after ’ Coa
d last positive ]
. ’l stool)
Cat 84 { white 2528/2/69! 44 127 100 = - - Still allve) ova
) mice 2 times | (66.7%) negative stool
| up to 31 March 70
i (172 days after
last positive
; stool)
Cat 87 !whlte 10/3/69 18 22 + - 17 larvae larvae liver, skin, Died perhaps of
l mice ! time {100 %) (94.4%) diaphragm . vaccination on
| abdomenal fat| 1 April 69 (day
22 ol prepatent
I period)
)
Cat 89 | white 10/3/69 45 22 + - 38 larvae larvae liver Died perhaps of
mice 1 time (75%) (84.4%) abdomenal vaccination on
I muscle 1 April 69 (day
| abdomenal fat| 22 of prepatent
period)
Cat 91 i white 17./7/69 59 60 197 + - - - Still alive  ova
| mice 1 time (93%) positive stool
up to 31 March 70
{day 197 of 3
’ patent period)
Cat 97 | white 78769 10 60 + = 7 larvae larvae liver Died on 6 Oct 69
mice | 1Tume | {100%) (70 %) (day 60 of pre-
| patent period)
*Reported in 1969 Annual Report. 958 &'
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Table 2. Skin penetration by Gnathostoma spinigerum advanced third-stage larvae in 9 adult

domestic dogs.

D: s fram
o :ra:igzng-f Autopsy findings
Animal | Source larvae to [Days from Remars
Date and |Ho. of first ova |[first ova R
af ‘f,;e?:::g{ h;::i ted positive [positive stool
N ) ti ‘;ﬁ t: stool to first ova No.of wormms| Stages of | Organs infect-
0. arvae tion sk?v‘\ an?i 5| (prepatent |negative recovered | womms re-|ed by worms
period) (patent period)} and % covered
Dog 1 white | 15/10/68 65 231 31+ 4) mature mature stanach Sacrificed on
mice 1 time |[(79.3%) males & adult lung uly 69 with
females anent un ova positive
(63 %) stools (day 31 of
patent period)
Dog 2 snake | 17-23/9 76 247 257 - = - Still alive, ova
& /68 (100%) { from hégative stools
snake-| 2 times first up to 31 March 70
headed skin in- (56 days after
fish fection) last positive
stool)
Dog 9 | white | 24/10- 192 222 58 9 larvae larvae |hind leg Sacrificed with
mice | 4/11/ (81.4%) (from first (4.7%) muscle ova negative
ga i skin infec- costal stools, 26 Septb9
times tion) muscle (57 days after
abdamenal last positive
muscle, stoolg
abdamenal fat
Dog 10| white | 28/10 - 19 234 228 - - - Still alive,ova
mice & 12/11/68| (69.6%) (from first negative stools
snake | 2 times skin infec- up to 31 March 70
tion) (57 days after
last positive
stool)
4 *Dog 11| white 4/9/68 33 1+ - 28 larvae larvae kin abdame- Died on 5 Sept 68
4 mice {1 time (97.1%) (85.0%) nal flesh. ova negative
stool (day 1 of
prepatent period)
Dog 12| white | 16/10/68 88 498 + - 2 larvae 1arvae dorsal muscle i fi
i : Sacrificed on
mice |1 time (96.7%) (2.3%) fore-leg 26 Feb 70 with
uscle ova negative
stool (day 498
of prepatent
peri odg
Dog 13| white { 2-21/8/ 64 M2 329 + - - - Discharged on
mice |68 (38.6%) (from first 1 0ctr%9 from
3 times skin infeq- the study for
tion) being uncontrol-
table.
Dog 14 | white | 8-20/8/ 68 96 253 + 33 immature | immature lstomach Sacrificed
mice |68 (46.2%) (from first females, females, diaphragm Z;c‘)n_]ng gn i
2 times skin infecd mature mature  [esophageal s :o-:itiveur ng
tion) rrnn:ls:e&fe- maes fed Wall. | Ctools (day 253
Alec males of patent period)
{a8%s59)
Dog 18 white i 13/8/69 64 230 + - - - _ Still alive, ova
mice 1 time (100%) negative stool up
to 31 March 70
(day 230 of pre-
patent period)
i
*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

1

Assistant Investigators: Boonsiri Sermswatsri !

Pichit Youngyi, B.Sc
Dhawee Guname, B.Sc.1
Phaibul Sirichakwal, B.éc.z
Paisal Yingyourd, B.Sc. 9
Rapee Machimasatha, B.Sc,

OBJECTIVE: During this reporting period continuation of the study to
determine the seasonal variation in the prevalence of adult G. spinigerum
infections in dogs in the Bangkok and Thonburi areas and of advance
third-stage larval infections in snake-headed fish (Ophicephalus
striatus), bought at the Ayuthaya and Phetburi markets, was undertaken.
Poisonous snakes provided by the Thai National Red Cross Snake Fam
were also studied., Studies of adult G. sEim‘gerum and other gnathostome
species obtained from infected pig stomachs at the Bangkok Slaught:: -
House were continued. Additional studies of the susceptility of some
common fresh water animals and other vertebrates as intermediate and
paratenic hosts of G. spinigerum, G, hispidum and G. doloresi were per-
formed.

DESCRIPTION: Examination of the gastrointestinal tracts of stray dogs
kiTTed 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 G. spinigerum in the definitive host (dogs)
in the Bangkok and Thonburi areas, 1s study was initiated in 1965

for G. hispidur and G, doloresi and 1968 for G. vietnamicum.

Gnathostome 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 doneon 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 sampies collected
from 40 young domestic pigs at a private Nakhornpathom pig fam by

* Retroactive in the previous reports,

1 Worked for some months during the year before resignation for further
education,

2 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, spinigerum and other gnathostome larvae for the completion of a
study on the seasonal prevalence rate of infection with G. spinigerum
advanced third-stage larvae.

To avoid the experimental use of naturally infected animals with
nathostome 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 tadpoTes (Bufo melanostictus), frogs (Rana rugulosa) 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 intemediate and paratenic hosts
G. spinigerum and of G, hispidum. Additional numbers of white mice
and one monitor lizard were fed with fully developed larvae of

G. doloresi in cyclops to detemine their abiiity to act as the second

intermediate 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
PhetEu;i, and snakes from the Thai National Red Cross Snake Farm in
Bangkok,

A11 1,289 dog stomachs examined were found negative. During April of
1967 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
fish bought at Ayuthaya and Phetburi markets showing 1 and 2 encysted
G. spinigerum larvae each (at Ayuthaya 1 larye fish negative and 1 of
smaTl 2155 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. Al
37 poisonous snakes obtained from the Thai National Red Cross snake
farm (26 Naja naja, 1 Naja hannah, 8 Vipera russelli, and ? T aeerus
ramineus) were found negative as compared with 6% positive un
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
dog§'an5 1n%ect1on of second intermediate or
paratenic hosts (snake-headed fish and poisonous
snakes) with advanced third-stage larvae in
endemic areas near Bangkok (Ayuthaya - Phetburi)

Total
Dog stomach !
(No. pos./No, exam.) 0/1289
Infection with adult G. spinigerum i
% Positive 0 i
Ophicephalus striatus (snake-headed fish)
*
(No. pos./No. exam.) Large,, 0/1
Small 2/21
Total 2/22
Infection with advanced third-stage
larvae (in Ayuthaya-Phetburi)
% Positive 9
Poisonous snakes
(Naja naja & hannah, Vipera russelli, Trimeresus gramineus)
(No. pos./No. exam.) 0/37
Infection with advanced third-stage larvae
% Positive 0

* Large Ophicephalus striatus
** Small Ophicephalus striatus

500 grams and over
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 an x 0.2 an ~ 0.8 cm collected

’ from a roadside fresh water ditch about 15.0 kilometers north of

h SMRL, 1 was found infected with a non-encapsulated G, spinigerun
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
nathostomes; 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 tumor of about 0.5 c¢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 farmm 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-
fied 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 551 females) for 1967
-68, and 1773 worms (425 G. hispidum = 182 males and 243 females);
1348 G, doloresi = 414 maTes ang 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. doior‘esi respectively, It is then reasonable to Eoncluge that
pigs are not the definitive host of, or naturally infected with, acult
G. spinigerum.

l Experimental infection with G. spinigerum larvae.

(a) Further detemination of new second intermediate host and
paratenic host on some animals commonly f md in fresh water ditches
and ponds was experimentally undertaken as .. 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-
tun) caught from a fresh water pond near the animal house of §EK|U
Medical Research Laboratory, 3 other top-minnow fish of the same size
and from thae same pond were experimentally in a 1000 m1 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 be 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 m1 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 days, 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 1ive
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-
headed gisn‘ may be infected with advanced third-stage larvae of the
wom by feeding on the infected top-minnow and toad tadpoles
(secondary infaction or paratenic host).

Fifteen adult fresh water crabs were experimentally fed with dif ferent
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 1ife cycle of G. hispidum.

(a) Experimental study for detemmining second intermediate
host by feeding vertebrates with G. hispidum fully developed larvae
in 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 intemmediate 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 with 15 fully developed 10 day old
larvae in 4 and 8 cyclops respectively, one fish was found on autopsy
/ days after the experiment to harbor 1 living third-stage larva

of G. hisEidum measuring 345 microns x 66 microns located in the
liver. e 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 determmine 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 (Clarias 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 Tiving 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 x0.2-0.3 mm. To detemine
further the infectivity of these larvae in some warm-blooded verte-
brates, 2 laboratory bred treeshrews (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 J to 55 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 x0.05-0.08 mm, Eleven living
larvae discovered in the stomach wall were then fed to a white mouse
to detemine their further infectivity; autopsy 14 days later revealed
no infections.

Three frogs (Rana rugulosa) were previously reported negative 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 wom
encysted in the flesh of the abdeminal 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 nebulosus! 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 several days in the stomach

wall; in addition, one larva was found in the flesh of an infected
r1:1'sh. Four frogs and 1 tree shrew were also found to be experimental
osts in which G, his?idum advanced third-stage larvae could develop

after being fed with Tarvae in cyclops; survival in the flesh of the
leg, abdominal wall and back for some days was noted.
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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 determine second intermediate hosts of G. hispidum
is to be undertaken.

(b) Experimental study for detemining paratenic hosts
(secondary infection) by feeding vertebrates with G. hispidum advanc-
ed third-stage larvae obtained from an infected fish and two infected
white 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,
sacrifice 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. hisEidun 24 day old advanced third-stage larvae obtained
from a catfish 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 detemining 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 G. 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 Tizard (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 obtame?l 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-
erum ova. Of the 28 cats, 11 which died in captivity, showed autop-
sies only 1 immature adult male G, spinigerum in a small gastric tumor,
Of 659 gnathostome adults recovered grom pig stomachs at the Bangkok
Slaughter House, 488 were identified as G. doloresi and 171 as

G. hispidum, Forty pig stool samples collected at Rajburi Province were
found negative for gnathostome ova.

Experimental infection with G, sEim'gerum 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
intermediate host of the worm, Fifteen fresh water crabs were found
negative after being fed with the advanced third-stage larvae obtained
from white mice.

The study on the 1ife cycle of G. hispidum has proved for the first
time the development of advanced tﬁirg-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 Tife cycle of G, doloresi in laboratory bred
white mice fed with many fully developed Tarvae 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 womm,
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Infectivity of Gnathostoma spinigerum Fully Developed
Larvae and Gnathostoma hispidum Advanced Third-Stage
Larvae in Primates.

*
Principal Investigator: Professor Svasti Daengsvang, Med.D.

Assistant Investigators: Boonsiri Sermswatsri]
Pichit Youngyi, B.Sc1
Dhawee Guname, B.Sc.
Phaibul Sirichakwal, B.Sc.2
Paisal Yingyourd, B.Sc.
Rapee Machimasatha, B.Sc.2

1

OBJECTIVE: This study was undertaken te 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 adult gibbon ) provided by the SEATO Veterinary Medicine
Department; to determine also the susceptibility of an adult monkey

#17 (Macaca irus) with G. hispidum 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 Eocais solution (kindly prepared

by 9r. Savanat Taranvaniz, Acting Chief Department of Microbiology and
Immunology, the Faculty of Tropical Medicine, Mahidol Universityg were
dorie 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) G. spinigerum in primates. Infections of primates
(Macaca speciosa and Macaca irus) developed larvae obtained from cyclops
(see AnnuaTl Progress Reports of 1967 and 196§8). 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 G. spinigerum third-stage larvae were found in various
organs, Ten were encyste% 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 nm 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 determmined weekly without a significant change
being observed. Weekly skin sensitivity tests using 1:50,000 and
1:16,000 dilutions of G. sEinigerum Tarval antigen in modified Coca's
solution showed positive skin reactions from 50 days after infection
until sacrifice of the animal. The total :erum protein was unchanyed,
but the globulin increased from 3.9 mg% to 4.9 mg% after the first

i6 days of the infection and remained elevated until the experiment
was teminated. The liver function tests showed a change in the zinc
turbidity (1.9 units pre-infection to 6,0 units 37 days after the
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 detemine 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 G. hispidum Tarvae 13 days prior
to autopsy.

An adult Macaca irus was fed 24 G. hispidum third-stage larvae obtained
from a catfish (TO Tarvae) 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 performmed for differentiai white
blood count, liver function and skin sensitivity using G. 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 confimmed 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
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OBJECTIVE: A systematic study of the epidemiology, etiology, pathology
3 and clinical features of Encephalopathy and Fatty Degeneration of the
Viscera in Thai Children, (EFDV).

r DESCRIPTION: From 1l 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

1. Dept of Pediatrics, Udorn Provincial Hospital, Udorn, Thailand
2. School of Public Health, Rajavithi Road, Bangkok, Thailand

3. Director, Udorn Provincial Hospital, Udorn, Thailand

4, Korat Hospital, Korat, Thailand
5
6

Children's Hospital, Bangkok, Thailand
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;

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 hypoglycemia 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,

Epidemiologic 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 the 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
978




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.
Each 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 well-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. Twunty-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 25% 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 e 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 Diagnosed
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.L 162
0 27 0-214 26.9 39.3 37.5
SGOT
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
€ 26  32-75 48.3 49.3 - 92%> 40
Total Bilirubin
A 21 0.0-9.2 0.5 - - 19%2 2.0
B 9 0.0-3.6 0.8 - - 22%2 2.0
C 25 0.0-8.9 0.3 - - 16%2 2.0
Prothrombin Time
A 7 24-40 33 32.0 - 86%2 25
B 10 17-83 20.5 28.8 - 20%2 25
C 11  15-35 22 21.9 - 18%2 25
CO2 Content
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 - 17%< 98
C 26 75-105.8 96.1 97.6 - 50%< 98
980
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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 - 20%< 32

B 12 19-43 36 34,2 - 17%< 32

C 23 26-42 34 34.8 - 22%< 32
PTT

A A 57-166 78 89.9 = 3/7 > 80

B 10 40-106 59 61.3 - 1/10> 80

C 11 44-489 72 115.7 - 4/11> 80
WBC

A 19 900-23,100 12,."0 12,100 - 53%> 11,000

B 12 4,000-33,300 13,006. 15,600 - 58%> 11,000

C 23 5,200-48,500 15,100 16,300 - 70%> 11,000

Polys (%)

A 16

B 12

C 23
Lymphs (%)

A 16

B 12

C 23
Total Protein

A 13

B 5

C 15

13-87
27-92
37-90

15-87
7-64
10-61

NN
O -~
\ll\l\l
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69
78

28
28
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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 chromatographic 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 sheets (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, cholesterol,triglycerides, free fatty
acids and phospholipids were performed on 2ach extract. Two samples
were taken from each tissue specimen and 2 replicate analyses were
performed on each extract.

Lipid analyses were 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" parients
were 232 mg. and 199 mg. respectively; for patients with EFDV, the
values were 558 and 349 respectively. Chromatographic 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 -60°C in individual, sterile, plastic
bags.

After thawi~g 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

Fz cells. Some specimens were also inoculated into primary human em-

‘ brycnic kidney cells. Thereafter all systems were observed for evidence
of 'virus, i.e., illness in suckling mice, cytopathic effects, hemad-
sorption, or challenge virus resistance (using echo virus type 1l 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 »f 89 specimens from 26 autopsies were cultured for virus. These
1 included tissues from 26 brain specimens, 20 lungs, 1l livers,
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10 kidneys, 8 spleens, 7 hearts, S 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 Bl in the monkey

Further analyses of the mycotoxin obtained from the left over food
samples revealed the toxin to Aflatoxin Bl (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 LD__ 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 mg/kg. of chromatographically pure,
crystalline aflatoxin Bj, 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
administration; 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 LDgq for aflatoxin B1 in the monkey was calculated for the test
period of 6 days according to the method of Litchfield and Wilcoxon.
The LDg( is 7.8 mg/kg body wt. with 95% confidence limits of 3.5 -
17.6 mg/:-a body wt,; the slope function of the LDgq 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 (N, K, Cl)
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 1, 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 | and 3 for serum glucose, NEFA and
phospholipid determinations,

Dose Mg/Kg BW Glucose (Mg%) NEFA (Mg/L) | Phospholipid (Mg%)

(4 monkeys/group)

Davy | Day 3| Dayl Day 3] Dayl Day 3

Controls 98.0 67.0 .602 s 210 161.2 158.1

97 .2 76.0 . 657 1.090 | 183.8 198.2
22,15 64.8 . 530 <825 | 19040 181.9
64.8 50.0 |1.080 1.665 | 140.6 146.9
83.5 35.0 . 810 2.268 1 103.1 121.9
87.8 154 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 = -.257) 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 | 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 nu
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.

Died Survived
Test n=9 n=11
NEFA 1.40-3.19 0.62-1.57
RANGE
GLUCOSE 8.5-60 60-91
NEFA 2.458 1.037
MEAN
GLUCOSE 23.60 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 fu:ther
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, 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

s, -

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 - 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 Patients

Case Number Age Sex Brain Liver Kidney Stoal Stomach Intestinal
Contents Contents

UA-5 (009) 11/2 F T T = = T -
UA-9 (013) 3 M - T - i) T =
UA-18 (028) 2 P = T E 5 ND — ,
UA-20 (032) 4 F T = T ND T = !
UA-24 (035) 6 F 3 3 3 123/15 T = '
UA-25 (038) /5 M 2 3 = ND iy =
UA-26 (039) 12 M ND ND - ND ND -
UA-27 (040) 4 E 2 2 4 ND ) =
987
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The fairly large variation between days for these glucose ana NEFA
levels makes this observation harder to substantiate. But analysis of
the paired glucose-NEFA values by animal revealed a nonsignificant
correiation coefficient (r = -.257) 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.

Died Survived
Test n=9 n=11
NEFA 1.40-3.19 0.62-1.57
RANGE
GLUCOSE 8.5-60 60-91
NEFA 2.458 1.037
MEAN
GLUCOSE 23.60 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 ¢ble 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, 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

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 - ND -
Diphtheria 1 F 3 3 = = = =
Pneumonia 2 M 3 S i - S -
Miliary T. B. 4 M - T ND - - =
Nasopharyngeal 2 M - T 2 - - -
abscess

AFLATOXIN ANALYSES
EFDV Patients

Case Number Age Sex Brain Liver Kidney Stoci Stomach Intestinal
Contents Contents

UA-5 (009) 11/2 F T T - S T =
UA-9 (013) 3 M - i = T i =
UA-18 (028) 2 F = 13 T T ND >
UA-20 (032) 4 F T = T ND T =
UA-24 (035) 6 F 3 3 8 128/l 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 ND £ =
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Case Number Age Sex Brain Liver Kidney Stool Stomach Intestinal
Contents Contents

UA-28 (041) 7 3 3 - 108/19 T =
UA-29 (042) 3 3 3 ND ND 5/2 =
UA-31 (045) 2 - - 4 - - -
UA-32 (049) 12 ND 3 - - 12715 81/10
UA-34 (053) 10 2 2 1/T = - -
UA-35 (056) 6 2/T 2 S ND 116/19 -

ND ND 13/4 ND -
ND T ND ND ND =

UA-36 (057) 5
UA-38 (061) 10

mMmZZRMMImZZZ
2
o

UA-39 (074) 13 ND 47/6 3 T 11 =
UA-41 (082) 2 - = S ND 2 =
UA-44 (101) 3 3 2 7 ND ND ND
UA-46 (103) 2 T T T = = =
UA-47 (105) 18/12 = = = ND ND 0

SUMMARY: Between 1 January and 31 December 109 cases of possible
encephalopathy and fatty degenerition 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 By in the macaques was established as 7.8 mg/kg body wt.
Animals receiving a lethal dose of the toxin developed clinical and
pathologic findings stmilar to patients with EFDV,

988

i e et i e 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.

OBJECTIVES:

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
+ + -
NHy <-> H + NH3 €----i---» NHy+H' €-» NH, + RESIN - RESIN NH

989

+
4




e iataii b b e s g

e e

Y= ey

It is hoped that this might prove to be a simple, effective therapy for
conditions characterized by elevated ammonia.

PROGRESS: (1) Ammonia Assay. The ammonia assay, although a
modification of a previously reported principle 1 , 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 POy 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 ODj34g. Add .05 ml
glutamate dehydrogenase, mix, and let stand 30' at room temperature,
read final OD340 .

NHy inum/ml = ODg - ODgx .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
0.5ml 0.5 M POy buffer pH=7.5 to 2.0 ml extract and freezing and
storing at -60°C.

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 NHy4 by ilon exchange resin. Kayexalate is used as the
resin. It is converted from its N form to a Na E; Kt 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 HyO washing. (Washing
is most easily performed using suction on a large funnel). The
completeness of equilibration is then tested by mixing a g_uantity of
resin with a solution containing 377 mg Na* and 20 mg K" /100 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
dependgnt 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 blocd pH (probably secondary to anesthesia), only mildly

elevated ammonia, 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 Thailaind. 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 NH’ZCI

B M-Na K +
mg/100 ml mg/100 ml %NH4 REMOVED
377 20 24
188 10 36
94 ) 39
87 W 2 57
0 0 100
Table 2. Resin added to 10 ml solution containing 377 mg
Na, 20 mg K/100 ml and .001 mg N/ml as
NH4Cl
+
RESIN % NH4 REMOVED
34 4.4
68 17.1
136 2:8ls %
272 42.7
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Pathology of Diseases Common in Thailand

Principal Investigators: Curtis H. Bourgeois, LTC, MC1
Prachenchit Chandruang, M.D.
Chira S. Comer, M.D.
Hilary Evans, MAJ, MC 2
Niyom Keschamras, M.D. 3
Azorides R. Morales, M.D.
Visith Sitprija, M.D., Ph.D.a
Preecha Vichitbandha, M.D.

Assistant Investigators: Damri Chawalitrujiwong
Suriyonta Trapukdi

1. Pathology of the Cardiac Conduction Disturbances in Diphtheric
Myoca-ditis.

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 inyocardial fibers,
including bundle of His and bundle branches, may play 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.

f—t

& 5 LCepartments of Pediatrics and Pathology, Siriraj Hospital,
Mahidol University, Bangkok, Thailand
Director, Udorn Provincial Hospital, Udorn, Thailand
Dept. of Pathology, Henry Ford Hospital, Detroit, Michigan 48202
Dept. of Medicine , Chulalongkorn Hospital, Bangkok, Thailand
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II. The Liver in QOpisthorchis 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 ultrastructure 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 ultrastructure of kidney biopsy
specimens from patients with the nephrotic syndrome and to correlate
morghologic 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
John C. Bell, SFC, E-7
Curtis A. Stewart, SP6, E-6
Ronald E. Marshall, SP5, E=5

OBIECTIVE: 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 slgnificance
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 quaraniine 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 1llness 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 Strongvloides 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 interest. 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 pseudomallei as part of a study concerning
the infectivity of this 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 melioidosis described in humans. Nevertheless,
Chromobacterium janthinum 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 calculli. There continue to be many quaran~
tined animals that are infected with Shigella or Plasmodium inui. 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 bacteriologic findings obtained
from the monthly disease screening program are summarized for the
vear 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
pneumagnia. 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,
Cysticercus fasciolaris, 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 necropsied 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,
Aspicularis tetraptera and Syphacia obvelata, and the dwarf tapeworm,
Hymenolepis nana. Unidentified helminth ova were found in the feces
of 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 O. 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 cof 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
menstrual 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 resuits.
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 informatio.1 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 eversion 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 and 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 dilutingad 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 379C. 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 mqg,. 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. Brendlinger, 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.

T T e e e

Gibbon Semen Survivability in various expanders
(% surviving)

Egg yolk/dextrose 50 40 20 10 <10 0
Egg yolk/saline 60 40 37 33 30 0
Milk 60 20 0
Human seminal plasma 0
5 min,|30 min.{ 60 min.|90 min.|120 min.|overnight
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c) Skeletal development is eveluated radiographically at quarterly
intervals following birth, In measuring skeletal development, emphasis
irpaced on the development of the hands, wrists, ankles, and feet;

d) The time that obvious signs of sexual development occur, such as
descension 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 presentedinTables 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
u'na hecome 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 rad.al 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 ulnar diaphysis. Sevezral 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 PC1 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 A050
15 mos, 1,350 1,240
18 mos, 1,800 1,560
21 mos, 2,120
24 mos, 2,4C0
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Table 2. Gibbon Skeletal and Dental Development
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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. Hickman, MAJ, VC
William L, Wooding, MAJ, VC

Assistant Investigators: James P, Slowey, SFC, E-7
Ronald E. Marshall, SPS, 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, When 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-
soring,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
semi-natural environment that are not common to their normal habitat in
1029
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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: Ronala E, Marshall, SP5, E-5
Soontorn Aowchumpa, D.V.M.

PURPOQOSE: The development of fou. regional breeding centers for beef cattle
as part of the Thai counterinsurgency prcgram has indicated that bovine
infertility is a widespread and costly proplem 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 availale 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
1030
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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 yourng 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
Not yet calved

Non pregnant cows
Bred

Anestrus
Adolescent (less than 2 yrs.)

30
50

21

29

Table 2. Leptospirosis And Brucellosis Titters

Number of Animals in Herd 140

Leptospirosis: 1/50 11
1/100 33
1/400 26
1/1600 14

Number of Positive Leptospirosis Titers/

Number Animals in Herd 84/140

Brucellosis: 1/25 26

Positive titers: 1/50 9
1/100 1

Number of Positive Brucellosis Titers/

Number Animals in Herd 36/140
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Project 3A062110A811 MILITARY MEDICAL RESEARCH PROGRAM S.E. ASIA

Task 00, Tropical and Subtropical Military Medical Research

Work Unit 048, Rickettsial diseases of man and animals

Investigators.
Principal:

Associate:

Vichail Sankasuwan, Major MC, RTA*

Premthavi Bodhidatta, Flight Lieutenant MC, RTAF*%*

Richard A. Grossman, Major, MC

Bospan Prakoppanichakij, B.Sc. [Pharm]
Cheodchai Chuenchitra, B.Sc. [Med Tech]
Krasaere Nabnean, Second Lieutenant, RTA**%*

Survey of Rickettsial Diseases in Thailand

Principal Investigators:

Associate Investigator:

Assistant Investigators:

Vichai Sankasuwan, Major MC, RTA¥*

Premthavi Bodhidatta, Flight Lieutenant MC, RTAF*%*

Richard A. Grossman, Major, MC

Bospan Prakoppanichakij, 3.Sc. [Pharm]
Cheodchai Chuenchitra, B.Sc. [Med Tech]
Krasaere Nabnean, Second Lieutenant, RTAX**

OBJECTIVE: To determine the distribution of rickettsial 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 rickettsial infections
of Thail soldiers serving tn Vietnam.

DESCRIPTION: Search is being continued for evidence of infection

of man and other animals by rickettsiae of scrub typhus, murine 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]
**% TInvestigator, 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 Thal 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
province, 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. rattus 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 [24-fold] titer 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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Principal: Harry C. Holloway, LTC, MC

Associate: William H. Biggers, M.D.; Curtis H. Bourgeois, Jr.,
MAJ, MC; Sanchai Bunlungpoh; Vivat Chavengchaiyong;
Robert W. Dewey, SFC; Carter L. Diggs, MAJ, MC;
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* Dept of Anthropology, University of Washington, Seattle
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Prevalence Survey of Disease in Mae Sariang

Principal Investigators: Richard A. Grossman, MAJ, MC

Harry C. Holloway, LTC, MC
Peter Kunstadter, Ph.D.*
Phon Sangsingkeo, M.D.
Pricha Singharaj, M.D.

Associate Investigators: Curtis H. Bourgeois, Jr., MAJ, MC

Carter L. Diggs, MAJ, MC
Chiraphun Duangmani, 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 Sariang,
Mae Hongsorn province.

DESCRIPTION: This report presents the results of biomedical data,
collected in June and July, 1969, as part of a larger multidiscipli-
nary survey attempting to assess the functional relationship between
mirgration, ethnic membership and ecologic experience and these bio-
medical variables., A total census was performed [by F.K.] before-
hand of one area, Ban Phae Chom Cheeng, just east of Mae Sariang town
[about 500 kilometers northwest of Bangkok]. 2 cluster random sample
[R3] of 50 of the 188 households present was selected for study. In
addition all 14 households designated as being nccupied by New Lua
were similarly selected [but not included in random szxple analyses].
These were ethnically Lua who were of special interest in that they
had migrated into Mae Sariang from the surrounding hills within the
previous year. Three of tl.ese New Lua households were drawn in the

RS.

The major ethnic groups identified were Lua, North Thai and Karen.

Each perscn 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 te 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 of Anthropology, University 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
26.67% of the households present. The 957 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 interést 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 957

of the sample population was interviewed, had height and weight
measured and gave a urine specimen. Although over 907 came to the
examining area during the 3 days [4-6 June] of concentrated testing,
participation in giving specimens ranged from 357 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 tefore 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
5' 2" tall and weighs about 105 pounds. All the urine specimens were
negative lor glucose and phenylketones while 2% had significant pro-
teinuria. Four persons [2.1%] were found to have active tuberculosis
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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 coliform 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 Shigeila flexneri
type 2, 2 had Sh. sonnei form 2, and 2 had Sh. dysenteriae. Tetra-
cycline 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 Escherichia coli [3 different types] isolated from
their stools. There was no clustering of these isolates by age, sex
or household. Soil, water ard human sera specimens were tested for
prevalence of melioidosis. 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 melioidosis

titer and 3 of these were from the same household [ages 14, 18 and 40].
Titers were 1:80, 1:40 and 1:16 respectively. Table VIII shows that
4/102 01d 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.
0f 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%], Ascaris [52.7%] and Trichuris [44.1%]

eggs.
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These 3 eggs were likewise similarly distributed by sex and age.
However, they were differently dist+ibutcd 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 Entamoeba coli and Giardia lamblia cysts were recovered.
No E. 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 eosinophilia [ 15%Z 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 injitial 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 Ascaris. 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 mesence of hookworm infestation, with much smaller differences
noted with the presence of Ascaris.

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 titers2 1:40 to
dengue and Japanese encephalitis were detected in 14.0 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 O0ld 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 fasbion. 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 Ascaris ova, 2 had Spirocerca
ova and one each had Dirofilaria mansoni and Trichuris 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 Fasciola ova exclusively. Six [6] out of 15 water buffalo
stools were negative and 7 out of the remaining 9 had Fasciola 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, Ascaris,
Trichuris, Spirocerca and Fasciolopsis buski ova, Strongyloides larvae, ,

E. coli cysts, Balantidium coli and Coccidia.

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 gelidus and C. tritaeniorhynchus,
proven vectors of Japanese encephalitis, were collected biting man.
The most common domestic mosquito was Culex quinquefasciatus, vhich
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 aegyptl 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 seazon collection. Four houses were ]J
also positive for A. albopictus 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 11 14 25
>5 7 5 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.
RS North Thai 0ld Lua New Lua
(Yggss) M F M F M F M F
n=118 | n=131 m=34} n=31] n=58| n=79| n=34| 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 1128.4|*144.7 } 133.0
15-19 154.7 | 147.4|*153,3|*146.9} 154.3 {146.8{*136.5| 136.2
20+ 158.1 | 149.11 161.4] 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.
RS { North Thai 0l1d Lua New Lua
Age
M F M F M F M F
(Years) | ;.117 | n=131 | n=34 | n=31 | n=58 | n=79 | n=34 | n=a1
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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Principal Investigators:

Assistant Investigators:

OBJECTIVE:

Y I TR e g BT e e

An Investigation of Clinical and Psychometric Techniques in the
Study of Cerebral Dysfunction

William H. Biggers, M,D,
Charas Suwanwella, M.,D,
Harry C. Holloway, LTC, MC

Boonarb Panpanya, P,H.N,
Vacharee Jan-Aiem

1. Development of a clinically valid, brief Thai mental status
questionnaire for measuring mental changes in conscious patients

lesion;

the patient's illness.

write-up.

Principal Investigators:

Associate Investigators:

secondary to disruption of brain function by a defined neurosurgical

2. To describe the shifts in symbolic formulations concerning
illness made by the patient and patient®s family during the course of
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

Disease Morbidity and Culture in an Ethnically Mixed Neighborhood

Phon Sangsingkeo, M.D.
Richard A, Grossman, MAJ, MC
Pricha Singharaj, M.D,

Harry C. Heolloway, LTC, MC
Peter Kunstadter, Ph.D,

Douglas J. Gould, ?h.D.

Howard E. Noyes, Ph.D,

Thomas J. Smith, LTC, MC
Chiraphun Duangmani, M,.D,
Curtis H. Bourgeois, Jr., MAJ, MC
Carter L. Diggs, MAJ, MC
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P

George S, Manning, CPT, MSC
Robert W, Dewey, SFC

Gerald S, Suzuki, SSG, USAMEDS
Jimmie M, George, SSG, USAMEDS

Project Coordinator: Harry C. Holloway, LTC, MC

OBIECTIVES:

1, To make a preliminary survey of the point prevaience of disease
in a predominantly Lua' and North Thai lowland urban neighborhood
i,1 Amphoe Mae Sariang, Changwat Mae Hong Son;

2. To assess the functional relationship between migration,
ethnic membership and ecologic experience and selected biomedical
parameters, 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.A,
Boonarb Panpanya, P,H, N,
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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 maic .l 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 limite
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

OBIJECTIVE: 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 U,S, advisors and
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their Thai counterparts so that specimens of their hehavior might
, be analyzed in terms of the interaction of cultural, formal organiza—-
t 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,

OBJECTIVE: 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 ,K, 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 pastten
years, Admissions between 2502 and 2512 B,E., (1959-1969 A.D.)
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 psychiairic 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 midmorning 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 of 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
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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 27.08% 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 ECT (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 genaral 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 workers, 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; [ _ands 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 f~r very few,
but is a good place for lodging suitable patients while they are waiting
for relatives to come for the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>