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FORWORD

Men, women, and children are the critical resource of any nation. In a developing nation such as
Thailand, human resources are the mainspring of social improvement, economic progress, and political
survival. It is the Initiative and know.how of the people that change a low.income couniry into a modern
nation; but, education and opportunity are needlessly wasted if disease saps people of the ability and the
desire to strive, both for the nation and themselves. A man with malaria may find that only a few hours
of fishing or cultivating are possible each day. A child with chronic dysentery Is a listless student.

It is the hope of men of good will everywhere that more and more the energles of all nafions
may be channeled to the constructive purpose of furthering the well.being of man. In this effort, increased
teamwork is essential. This includes the teamwork of workers in the life sciences not only within a
government, but also betwesn the governmerts of the nations of the world themselves.

This report describes in general the team work of life sciences workers of the governments
represented in the South.East Asia Treaty Organlization, and specifically the activities of Thar and United
States workers during the period 1 April 1966.31 March 1967,

JESUS VARGAS

Secretary General

SEATO
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Disease and nutrition have influenced military campaigns throughout the history of the world.
As lote as World War 1I, battle decisions were Influenced by diseases such as scrub typhus and dengue in
the military troops. Certaln areas of land mass were denied to military maneuver because of the
over-whelming Incidence of malarla. Today, malaria and other infectious diseases are better understood

but are still diseases of major military medical Importance. The soldier's abilities in combat Is dependent
upon his physica' strength and endurance brought to a peak by training.

The best training program ond
the most modern weapons will fa.l to achieve their objective if the soldier is not physically and mentally
capable of benefl,'ing from them.

P Phlkgti

*PUNG PHINTUYOTHIN
Major General, MC, RT:
Director General

SEATO Medical Research Project
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Many diseases in Suutheast Asla have significant socioeconomic effects. Soms disease processes
such as chronic infections and malnuirition are particularly debilitating, and may exer! their influence
throughout an individual’s entire lifespan. Anemia is widespread, and may be due to a variety of causes
including genetic abnormalities as waell as infectious and nutritional deficlencies. If severe ond early In
onset, such processes can retard the physical development of the individual. Research leading to the
improvement of health problems of this sort, and upon the reaction of man to disease in a tropical
environment is provided for under the SEATO Medical Research Program. Through this research, In
combination with medical education and training, an enduring contribution will be made to tha health of
man in Thalland and throughout all other SEATO nations.

SWASDI SKULTHAI, MOD.
Director-General
SEATO Clinical Research Center
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General Information

During the period covered by this report, studies on the epidemiology of dengue hemorrhagic fever
In Thailand were continued in cooperation with the Departments of Entomology and Epidemiclogy of US
Army Medical Component SEATO. An insular outbreak of hemorrhagic fever was studied in detail during
the summer of 1966. In addition, through the assistance of the Public Health Division USAID and the Pasteur
(nstitute, Vietnam, spidemiclogic dota on hemorrhagic fever in Salgon were obtalned for comparison with
similar dato from Bangkok.

Laboratory studies on dengue virology included extensive investigation of a plagque reduction
neviralization test and its applications for identification of dengue viruses and measurement of serum
ontibody. Investigation of cell culture methods for isolation and propagation of dengue viruses resulted In
development of new and more sensitive techniques. Dengue Infection in primates was studied for the purpose
of determining the suitability of different species for cross.protection studies with dengue viruse: and for
production of reference antiserum.

A major effort has been made to develop the capability in this laboratory of studylng in detail the
Immunoglobulin response in dengue fever and dengue hemo:rhagic fever. Significant progress has been made
in adoptation of density gradient centrifugation, gel filtration, ion.exchange chromatography, and
Immunoelectrophoresis methods 1o fit our requirements.

Studies of arbovirus diseases in Americans were concernad primarily with studies of fevers of
vnknown origin in US military personnael in the Republic of Vietnam. These studies were carried out In
cooperation with personnel of the US Army Medical Research Team, Vietnam, and the Departments of
Medicine at several evacuation hospitals and field hospitals in Vietnam. In addition to arbovirus diagnostic
tests, the hemolytic test for leptosplrosis was adapted to microtiter methods and routinely used. Serologic
tests for scrub typhus were performed by the Thai Component of SMRL.

The preliminary phase of ecologic studies on Japanese encephalitis at Bang Fhra, being carried out
in cooperation with the Department of Entomology and the personnsl of the Pasteur Institute, Is nearing
completion. The first yaar's program Including mosquito rollections, virus isolation attempts from mosquitoes,
collection of serum from a large varisty of vertebrates for virus isolation and serologic testing Is completed.
The laboratory phase of this program, identification of viral isolates and serologic testing of vertebrate sera,
Is as yet incomplete. The second phase of the field program which will be directed at a few highly suspect
vertebrate species and their relationship to arthropod vectors is scheduled 1o begin in May or June 1967,
Designs of these specific studies will depend on analysis of the as yet incomplete laboratory results,
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Objective:

To determine the factors which influence the occurrence and spread of mosquito.borne hemorrhagic
fever in Southeast Asla.

Description:

Data on hospitalized hemorrhagic fever cases in Bangkok.Thonburi hospitals were collected by
monthly visits to each hospital by public health nurses in the scme manner as had been used since 1962,
Reports on hemorrhagic fever cases occurring outside of Bangkok were requested from hospitals. Additional
data were avoilable from Department of Public Health racords of reports from provincial health officers.

Reports of large or unusual outbreaks were investigated by a team consisting of at least one
physician and two public health nurses. Attempis were made to collect clinical and epidemiologic information
and obtain specimens for virologic studies.

Epidemiclogic data on hemorrhagic fever in Saigon are being collected through the cooperation of
the US Army Medical Research Team, Vietnam, and the Public Hea'th Division of United States Agency for
International Development, Saigon. USAID public health nurses collected data on hospitalized hemorrhagic
fever cases by visiting hospitals weekly and reviewirg clinical records.

An epidemic of hemorrhagic fever on the island of Koh Samui in the gulf of Thailand off the coast
of Surat Thani province was investigated in deiail by a team made up of personnel from the Departments
of Epidemiology, Entomology and Virology. The purpose of the studies was to determine the epldemlologic
patterns of dengue hemorrhagic fever in a relatively isolated population In which the disease had recently
appeared, and to determine whether serologic response to infection and the epidemiologlic patterns are
consistent with the "'second infection' hypothesis of the dengue shock syndrome. In addition, studies were
carried out to determine the relative prevalerce of Aedes aegyptl and Aedes albopictus on the island and

ta obtain information concerning the role of _Aodos olbopictus as a dengue vector.

Progress:

Hemorrhagic Fever in Bangkok. During 1966 hemorrhagic fever continved as a major cause of
morbidity and a significant cause of mortality in Thai Children. A total of 3,663 cases were admitted to
hospituls in Bangkok and Thonburl with 139 fatalities. The case fatality rate in 1966 was 3.8% essentially
the same as the rate of 3,9% seen In 1965,




The distribution of cases by month (Figure 1) shows the peak incidence In June through August
which was similiar to the seasonal pattern seen from 1962 to 1964, There were o raelatively large number
of cases during the dry months from December 1965 to April 1966 and a sharp decrease in the dry season
beginning November 1966,

It has become apparent from discussions with pediatricians at Children's Hospital and Chulalongkorn
Hospltal that admiiting policies have been chunged since 1964. At these two hospitals, which care for
approximately half of all hospitalized cases, prior to 1965 most cases diagnosed as hemorrhaglc fever were
admitted. During 1965 and 1966 most mild cases were treated as outpatients and only patients with shock,
blaeding, or signs of impending severe iliness were admitted. Therefore the gross figures for 1965 and
1966 ore not directly comparable to previous years and tend to underestimate in 1965 and 1966 since
they are based on a more severely ill group of patients.

Age distribuilon remains essential unchanged from previous years with over 50% of cases occurring
fn the 3.6 year age group. Age specific rates given in Table 1 are based on the 1960 census.
Hemorrhagic Fever in Udorn Thanl. In June.July 1966 hemorrhagic fever was reported for the first time in
and near the city of Udorn Thani In Northeast Thailand. Clinical descriptions of cases were typical of
hemorrhagic fever and serologic studies on 9 cases confirmed the dengue etiology.
Hemorrhaglc Fever in Salgon, During 1966, 457 cases of hemorrhaglc fever were admitted to 3 Saigon
kospitals (Nhi Doug, Grall, and seventh Day Adventist). Of the 457 cases, 214 had clinical evidence of
shock and there were 67 deaths reported. Distribution of cases by month, shown in Figure 2, reveals the
najority of cases occurred during the southwest monsoon season {(May to September) with a sharp peak in
Juno and July. The seasonal variatior is very similiar to that seen in Bangkok.

Age distribution (Table 2) is also very similiar to that seen in Bangkok except the relative number
of cases under one year Is lower.

The mortality rate in Saigon of 14.9% is considerable greater than the rate In Bangkok in 1966
(3.9%) and comparable to the mortality rate of 12.8% in Bangkok in 1958,

In addition to the Saigon-Cholon area, hemorrhagic fever was reported in the following provinces
of South Vietnam: Gia Dinh, Blen Hoa, Long An, Long Khanh, Binh Duong, Binh Long, Hua Nghia, and Phoc Tuy.

Hemorrhagic Fever on Koh Samui:

Koh Samul is the main Island in a small archipelago located in the guif of Thalland, about 9° North
of the equator. (Figure 3). The nearest mainland poit is 5 hours away by boat.

Prior to December 1965, the island’'s two physicians had not seen hemorrhagic fever among the
populace. Both men were familiar with the disease, and readily recognized iis appearance in December
1965, when 20 cases, with 1 deatk, occurred in Ang Tong. On being informed of this outbreak, a team
was sent to carry out a preliminnry serological and entomological survey on the island. The diagnosis of
dengue hemorrhagic fever was serologically confirmed, a high prevalence of dengue antibodies was found
in a sample of children, and dengue~1 virus was isolated from one patient. Aedes aegypti were present
in large numbers.

It appeared likely that a major epidemic of hemorrhagic fever might occur during the next monsoon
season and preparations were made to study it should it occur. The anticipated epidemic began in July
1966 and lasted into October. A team from SMRL was present on the island throughout this time. The
epldemiologic studies are described below.

Materials and Methods.

Description of the area. Koh Samul Is about 12 miles long and 10 miles wide, with an area of
almost 90 sq. mile. The population Is approximately 25,000. The remoteness of the island, while rendering
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study difficult from the point of view of access, was an advantage in that it limited the mobility of the
population, particularly the age group in which we were most Interested. Most of the population lives on
the coastal plain of the island, which ranges in width from 2 to 4 miles. The center of the island Is
mountainous, the highest peak reaching over 1800 feet. Except in the mouniainous center, the dominant form
of vegetation is the coconut palm {Cocos nucifera); copra production is the economic mainstay of the
island. Piles of coconut shells and husks are found in and around every village and scattered over the
entire coastal plain,

The climate of Koh Samul is dominated by the tropical monsoon. Mean daily temperajures vary
from 26" to 29°C throughout the year. Mean humidity ranges from 76 to 88%. During the dry season, from
Yanuary through April. monthly rainfall averages 13.68 mm. The southwest monsoon (May-September) brings
135.170 mm of rain per month, and the Northeast monsoon season (October through December) has up to
300 mm of rain per month.

Clinical and Virologic Methods. All patients wore seen by one of us (S.N.) who was the only
practicing physician on the island at the time. A case record was kept of each patient seen in the course
of ine study. This record included name, age, sex, place of residence, date of onset, initial signs and
symptoms and a careful description of the clinical course. Blood was obtained from each patient at the
time of initlal interview; this was usually within 3 days of onset of illness. A convalescent blood specimen
was usvally obtained 10.14 days after the acute specimen. Following clot separation and centrifugation,
sera were stored on dry ice for shipment to Bangkok. Serum pairs were identified only by code number;
serologicol and virological studies were carried out by personnel having no access to clinical recerds.

Each serum was acetone exiracted and tested for hemagglutination.inhibiting (HI) antibody against
dengue.1, 2, 3 and 4, Japanese encephalitis, and chikungunya antigens. Virus Isoiation from acute sera was
done by plague method in LLC.MK: cell culture and plaque forming agents were identified by plaque
reduction neutralization test using reference monkey antiserum to prototype strains.

Based upon corapleted clinical records, patients were categorized by syndrome without reference
to serologic or virologic data. Clinical categories were determined using the diagnostic criteria and
nomenclature suggested by the World Health Organization. Patients with fever alone were classified as
undifferentiated fever (UF). Patients with febrile disease exhibiting a positive tourniquet test or a few
scattered petechiae were considered as having dengue fever (DF) syndrome. Patients were classified as
hemorrhagic fever (HF) cuses if in addition to fever and positive tourniquet lest they exhibited one or
more of the following: extensive petechiae, purpura, ecchymoses, epistaxis, hematemesis, hematuria or
melena. Patients with shock (S), defined as pulse pressure less than 20 mm Hg., or evidence of a fall in
systolic pressure below 90 mm Hg., were originally considered os a separate subcategory of the HF group,
without reference to the presence or absence of hemorrhagic manifestations, for reasons discussed below.

The serologic response of each patient was independently classified by the following criteria: serum
pairs which showed no detectable Hi antibody, or no rise in titer from acute to convalescent were
considered negative. A response which consisted of absence of antibody in the acute serum and a four-
fold or greater rise in titer in the convalescent serum was designated a primary response. Demonsirahle
antibody in the acute specimen obtained within 3 days of onset of illness, plus either isolation of virus
from the same specimen or a four.fold rise in titer to 1:640 or greater was taken as evidence of a secondary
type antibody response. Specimens which showed antibody in an acute specimen obtained 4 or more days
. after onset plus either virus recovery or with a four.fold rise .n HI titer were considersd to be positive,

{ but undifferentiable into primary or secondary response. Sera were rejecled as incomplete if one serum of
a pair was missing or if volumes were not sufficlent to complete serologic examination.

At the completion of the study comparisons were made of clinical and serological classification of
all patients.




Results.

A total of 148 individuals with 150 illnesses were Included originally. From these, 139 complete
adequate serum palrs were available for serologic andfor virologlc study. The remaining 11 illnesses, for
which complete serum pairs were not avallable, were excluded from further consideration. Table 3 presents
the distribution of the 139, by admission clinical diagnosis and serologic responss. Note that two
individuals are represented twice, each having two episodes of undifferentiated fever (UF) at least one
month apart. Since In both cases dengue was not Implicated in the first episode of UF it was considered
that they remained at risk; in one case the second UF was not dengue related, but in the other Instance
dengue virus was isolated from serum collected during the second UF eplsode. Therefore, they are treated
as four separate cases.

Ninety illnesses were shown to be associated with dengue, in 21 cases dengue virus was Isolated
from the acute serum specimen, The additional 69 cases were assoclated with dengue on serologic
grounds alone. Since no other agents were incriminated in more than 2 cases, we folf justified In
considering this a dengue epidemic.

Figure 3 presents the geographic distribution of the 90 cases of dengus.associated disease, with
the earliest date of onset recorded for each affected village. Figure 4 is the distribution of cases by
week of onset. The disease first appeared on 10 July on the north coast of the island, later being
reported from scattered villages over virtually the entire island. The last known case occurred on 5
October. The 3 week first ‘peak’’ in the epidemic curve (Fig. 4) coincides with the epidemic in and
around the village of Mae Nam. A survey of the 87 households in this village indicated there were 224
children under age 15 living in Mae Nam. Thirly two become ill with dengue-associated disease during the
epidemic; of these, 7 had dengue hemorrhagic fever with shock syndrome and 14 had hemorrhagic fever
without shock. Thus, in o period of less than 2 months 9% of the children of Mae Nam had HF. An
additional 5% were ill with DF or UF for a total dengue attack rote of 14.3%. Three other severe HF
cases, with 1 fatality (presumably due to shock) hcd occurred in Mae Nam at the onset of the epidemic,
before the arrival of the investigating team; these ar< -ot Included in the data presented.

Considering the population age 15 and under at risk, the estimated dengue attack rate for the
Island as a whole was approximately 0.75% and in no village except Mae Nam was it over 2.

The second '‘peak’’ in the epidemic corresponds to the simulianeous appearance of the disease in
several scaltered locations south of Ang Thong, primarily in Lipanol and Taolingngarm. No consisient pattern
in the appearance of the disease in the scattered villages is apparent. The dates of onset do not seem io
correlate with distance by road from the area on the north coast where the epidemic was centered.

Table 5 and Figure 5 present the age and sex distribution of the 90 cases of dengue. The youngest child
affecled was one year of age, the eldest, fiftesn. The median of the distribution is 6.6 years, the mode 7
years. Median and mode did not vary with sex, and since only 9 individuals exhibited primary antibody
response, comparison by serologic classification Is not revealing. When cases of DF and UF are combined,
and their age distribution compared to that for HF and shock cases (Figure &) the median (6.4 years) and
mode (6 years) are lower than those for the HF age distribution (median 7.3 years, mode 7 years). The
female preponderance seen in Table 5 (52:38) Is more apparent if HF cases alone are considersd (20:11),
However, these ratios are not significantly different from the ratio of 1:1 which holds for the island
population under age 15.

Dengue viruses were Isolated from the acute serum of 21 patients, an isolation rate of 23%. Of
these, 15 have been identified as to serotype. Three serologic types were represented among the 15
strains. The lack of relationship of virus type to clinical syndrome Is shown in Table 6a. Dengue.2 and
dengue.3 were both associated with shock cases as well as mild illness. The single dengue.1 sirain came
from a case of dengue fever syndrome.

Geographic and chronologic distribution of the dengue strains isolated from human cases are
listed In table 6b. Dengue.2 and dengue.3 were widespread over the island during the period of the
epidemic.




TN

Discussion

The observations made from clinical and serologic studies during this epidemic Indicate the
difficulty of diagnosing disease due to dengue virus solely on clinical grounds. Undifferentiated fevers,
dengue fever syndrome, ana he::orrhagic fever were sometimes due to causes other than dengue virus
infection. Considerable caution, therefore, is necessary in interpreting epidemiologic data from
""hemorrhagic fever'' epidemics in which the diagnosis Is based solely on clinical g-ounds. Meaningful
patterns can be obscured by the presence of other agents producing similiar syndromes. Of interest is the
fact that no cases of chikungunya infection were seen in contrast to Bangkok epidemics where as high as
10% of HF cases {all mild il'nesses) were due to chikungunya.

In this series 64 cases of UF were seen; only 35 (55%) were due to dengue. Of 36 cases of
"*dengue fevar'' syndrome, only 24 (68%) were shown to be dengue.caused. ‘‘Hemorrhagic fever syndrome'’
(i.e. without shock) was no more specific. Only eightesn (69%) of 26 cases were dengue-associated. The
thirteen cases which exhibited shock, on the other hand, were all dengue.associoted. The number Is small,
so that generalization with a high degree of confidence Is not possible, but the data support the
suggestion made elsewhere that the shock syndrome seen in connection with hemorrhagic fever epidemics is
specifically associated with dengue. Dengue shock syndrome, or dengue hemorrhagic fever with shock, Is
the only segment of this clinical spectrum that can be differentiated by clinical examination with reasonable
precision.

it is probable that all cases of hemorrhagic fever which occurred on the island during the
epidemic are reprosented here. As has been noled, only one medical clinic was in operation during the
epidemic, and all the cases included were treated at this central location. In addition, periodic visits
were made fo outlying areas by the attending physician as well as by member: of the SMRL team,
and no additional cases were found or reported. The island population Is fairly closely knit; they were
familiar with hemorrhagic fever from outbreaks whict had occurred elsewhere in Thailand, and were
generally sympathetic to the work of the investigating team so it is unlikaly that any cases were concealed
from or missed by the Investigators. However, in general, no concerted effort was made to include all
undifferentiated febrile illness, so this category (UF) represents an unknown but probably small proportion of
febrile iliness which occurred or the island during the time of the study.

Previous studies in Bangkok indicated that ‘‘cases tended to occur multiply In households'. in an
area when the “primary attack rate'* was 3.6%, it was noted that of 271 families with at least one case of
HF., 35 (13.2%) had two or more cases. This however does not indicate that these two rates bear a
relationship analogous to primary/secondary aftack rates, and cannot be used as evidence that siblings of
cases are at higher risk than children in general. In the Mae Nam study where denominator data were
available, 1t has been pointed out that the overall attack rate was 14.3%. Thirty two cases occurred in 22
households, having a child population of 82. If the first case in a household is considered the index case,
then 60 siblings were ot risk. Of these 10 had clinical illness; the attack rate among siblings of index cases
was thus 16.7%, not strikingly different for that of the population as a whole. Thus the “‘clustering in
families appears to be a chance phenomenon entirely.

The HF cases In this epidemic appear to be generally older than has been reported elsewhere in
Thailand or in Vietnam, and similiar to the ages reported in Malaysian epidemics.

The fact that all dengue shock cases did not exhibit hemorrhagic manifestations has bsen ailuded
to above. In this series, 9 cases with shock had hemorrhagic signs consistent with a diagnosis of hemorrhagic
fever syndrome had :hock been absent. However four cases, Including the only fatality, had only fever and
a positive tourniquet test or o few scattered pefechiae as sole concomitant evidence of infection. If the
“"dengue shock syndrome'" was an extreme manifestation of the same mechanism which produced the dengue
hemorrhagic fever syndrome (i.e. the extrame end of the dengue infection specirum) then all shock cases
would be expected to exhibit severe hemorrhagic signs. This does not appear to be the cases; but neither
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do the data suggest that shock is entirely independent of other symptoms; rather that the dengue shock
syndrome is produced by o mechanism related to, but not necessarily identical with that resclting in
hemorrhagic diathesls.

The data were examined to compare other characteristics of the group of dengue shock syndrome
with those of cases of hemorrhagic fever syndrome without shock. Shock cases occurred throughout the
epidemic and no evidence of geographic clustering was ssen. Age disiribution data {Figure 6) indicate that
the average (median) age of HF cases may be higher thar that of shock cases. Dengue virusas type 2 and
3 were isolated from shock cases, providing further evidence that the antigenic type of the infecting virus
[s not the sole determinant of the infecting virus is not the sole determinant of the production of the shock
syndrome.

The hemorrhagic fever syndrome has been observed to result from an initial dengue infection; on
Koh Samul one Individual with a primary type antibody response to dengue had a clinically typical example
of the syndrome. In contrast ncne of the thirteen shock cases were accompanied by primary fype antibody
response. Nine cases had secondary type antibody response and four were serologically positive for dengue,
but response could not be classified with complete assurance as either primary or secondary, due fo delay
in obtaining acute specimens. In these four, initial serum specimens had high titers which probably indicate
secondary.type serologic response.

The observations made thusfor support the hypothesis that dengue shock syndrome is produced by
a specific immunologic phenomenon elicited by a second, heterotypic, dengue infection occurring a certain
critical period of time following on Initial dengue infection. The initial, or primary, dengue infection may
produce a mild form of hemorrhagic fever but either undifferentiated faver or dengue fever syndrome are
more commonly produced. Shock does not occur. Following recovery, patients have immunity to heterologous
dengue infection for a variable period of time {of the order of 6 months). During this time '‘sensitization"
may be occurring In certain individuals, depending upon host factors. Following the immune period, in
""sensitized'’ Individuals, there occurs a period where a second, heterotypic, dengue infection results in
development of shock syndrome andfor hemorrhayic fever syndrome, the period of susceptibility for the latter
probably extending beyond that for the former syndrome. Thus a critical ‘configuration’* of circumstances,
age at initial infection, interval between infections, and possibly also dengue type and dose, are necessary
to produce the dengue shock syndrome.

The finding on Koh Samui of three distinct dengue serotypes (dengue.1, 2 and 3) present during
the epidemic is consistent with the previous findings that in areas where dengue hemorrhagic fever is
prevalent (e.g. Bangkok, Manile, Singapore and Saigon) three or four dengue serotypes have been found.

Until it is possible to directly demonsirate the pathogenic mechanism (s) of shock syndrome in
man or svitable animal models, it is necessary to continue careful and detailed studies of epidemiologic
patterns manifested by this imperfectly understood disaase.

Entomologic Studies on Koh Samui. The initial SMRL survey on Koh Samul In February 1966
established that both Aedes aegypti and Aedes albopictus were present on the istand. Aedes aegypti was
subsequently found to be widely distributed throughout the island, beth in villages and in isolated farmhouses,
and during both the rainy season (May- December) and dry saason (January—April) (Table 7a).

During November a survey of larval habitats of Asdes aegypti and Aedes albopictus was carried
out in the vicinity of homes of September cases of THF ir. tambons Mae Nam and Taling Ngam on the
island of Koh Samui. The frequent occurrence of albopictus larvae in artificial containers (e.g., water jars,
gasoline drums, plant containers, etc.) in close proximity to houses (inside a house on one occasion) and
sharing of the same habitat with aegypti larvae was observed (Table 7b). During this same period adults of
both species were frequently collected resting and biting inside houses, however aegyptl adults were
collected biting outdoors on only one occasion (Table 7¢).
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During the course of the 1966 HF epidemic both A. aegyptl and A. albopictus adults were
collected from the vicinity of the dwellings of recent cases of the disease for virus isolation attempts.
Nine strains of dengue virus were isolated from a total of 122 A, aegypti collecied from houses In Ang
Thong and Mae Nam in July. Four additional isclations were obiained from a total of 1110 A. alboplctus
collected during September. The occurrence of these two vector species together in the presence of this
dengue outbreak Is strikingly similar to the situation In Salgon and Singapore and quite dissimilar to that of
Bangkok (and prebably Manila) where only aegypti appears to be involved in dengus transmission.

In February 1967 collsctions of A. aegypti and A. albopictus were made from several areas on
Koh Samul, from Koh Pangan (10 kilometers north of Koh Samui) and from Koh Palual (25 kilometers west
of Koh Samui) for purposes of insecticide susceptibility studies. All houses visited on these smaller, more
isolated islands were infested with A. aegyptl {22/22 on Palvai and 25/25 on Pangan), but there was no
evidence that A. albopictus was present although the ecological conditions there apparently were similar to
those on Koh Samul. The apparent absence of albopictus on these outer islands may have been due to a
decline in its population caused by the dry season, for alboplctus was found with difficulty in areas of
Koh Samul where during the previous November it had been abundant. Susceptibilily tests of larvae of
A. aegypti from Ang Thong and Taling Ngam on Koh Samul and from Koh Palual and Koh Pangan indicated
that this species has become resistant to DDT and dieldrin in those areas (details of these fests given under
the report on mosquito studies). Results of tests of the Insecticide susceptibility of A. albopictus from Koh
Samui are not yet available.

SUMMARY

Dengue hemorrhagic fever continues as a major public health problem in the pediatric age group
in Bangkok and many other areas in Thailand. In 196¢ a further sprecd of this disease was documented In
the city of Udorn Thuni in northeast Thailand.

Epidemic dengue hemorrhagic fever occurred in Saigon in 1966 with a peak Incidence during the
monsoon season in June and July. The age distribution in Saigon Is similar to that seen in Bangkok.
However, the reported mortality rute is considerably higher.

Epidemiologic studies were carried out during an epidemic of dengue hemorrhagic fever which
occurred on the island of Koh Samui batween 10 July and 5 October 1966.




Titles

Principal Investigators:

Associate Investigators:

Assistant Investigators:

Ob[ocﬂvos:

a. To develop improved virologic and serologic methods for diagnosis and study of arbovirus

diseases in Thailand.

b. To determine the antigenic relationships and study the biologic propertiss of arboviruses of

medical importance.

¢. To ohtain information on the sequential changes in the immunoglobulin response of man and
experimental animals to single and multiple dengue infeciions and to relate these observations to disease

processes.

Description:

Arbovirus Infectlons In Men and Experimental Animals

. Ananda Nisalak, M.D.
Pairat Gunakasem, M.D.
Philip K. Russell, LTC MC
Phinit Simasathien, W.D.
Suchinda Udomsakdi, M.D.
Thomas M. Yuill, Ph.D.
Stefano Vivona, Col MC

\I?MLQN—-

p—

. Anong Intavivat, M.Sc.
2. Amporn Sheunshomkoon: B.Sc.
3. Plsamal Janrayavijukan, B.Sc.

1. Mesayon Puenpathom M.D.
2. Sopana Kanchanapilant M.D.
3. Dumrong Chiew.ilp M.D.

d. To study the etlology of human cases of encephalitis and determine the importance of
arboviruses and other viruses as causative agents.

The plaque reduction neutralization test (PRNT) for dengue virus antibody described in the
previous annual report was further investigated to determine the effict of varying conditions and 1o
estimate the accuracy of the fest. The rate of thermal inactivation of several dengue virus strains was
determined. Serum from human and animal sources were tested to determine the amount of heat labile
inhibtors present. A statistical analysis of lests performed with antiserum of known comparative potency
was done to determine the accuracy of the test for estimating antibody levels.

A method of primary isolation of arboviruses from serum and mosquito pools was devalope. using
a plaque assay In LLC-MKz tissue culture. The newly developed method was compared with intercerebral

inoculation of suckling mice for sens'tivity o unpassaged virus stralns,
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Dengue viruses isolatod from a variety of sources including dengue fever cases, hemorrhagic
fever cases, and mosquito pools were Identified by the plaque reduction neutralization test method using
reference monkey antiserum.

Autigenic relationships of several siralns within each serotyps were compared.

Experimental dengue infection in monkeys and gibbons were studied to determine susceptibility to
subcutaneous Infection, duration of viremia, and immune response.

Using density gradient cenirifugation, ion.exchange chromatography and gel filtration, studies were
dore to determine the nature of the antibody response to both primary and secondary dengue infections in
man. Immunoglobulins were Identified by Immunoelectrophoresis and immunoprecipitin methods; antibody
activity was tested by hemagglutination.inhibition and complement.fixation.

Cases of human central narvous :ysiem disease referred from hospitals in various areos of Thalland
were studied by serologic and virologic methods to determine the viral causes of humon CNS disease in
Thailand,

Progress:

Plaque Reduction Nevtralization Test,

The method for performing the PRNT for dengue neutralizing (N) antibody in LLC.MK: caell culture
was described in detall In the previous annuval report. A serum.virus incubation time of 1 hour at 37°C s
routineiy used. Since heat lability of seed virus Is an important factor which affects the amount of non.
viable antigen in the test system, several experiments were performed to determine the effect of
temperature on dengue virus seeds diluted in M.199 containing 5% inactivated calf serum buffered with
NaHCO3 to pH 8.2. This approximates closely the conditions of the neutralization test. Virus suspensions
confaining 50 to 100 pfu at zero fime were heated to 37°C or 42°C In water baths and infectivity
determined at various time intervals by plaque assay. The following stralns were tested at indicated suckling
mouse passage level:

Hawaii (dengue.1) sm 125

TH-Sman " sm 4
¢ 10572 " sm 3
New Guln, 'C'" (dengue-2) sm.26
TH.36 ' sm.14
£ 10286 sm.4
H.87 (dengue.3) sm-21

H.241 (dengue.4) sm-25

Results expressed as percent survival are summarized in Table 8. A marked difference between
dengue strains is apparent. TH.36 was the most heat iabile of the strains tested showing only 28« survival
after 1 hour at 37°C. Hawali and No. 10572 were somewhat less labile, however, the reduction of
infectivity after 1 hour at 37°C was significant. H.87 appeared leasi affected by heat and the remaining
sirains were moderately heat resistant,

Heat resistance varies markedly between sirains of dengue viruses. It apparently is not related to
mouse passage and probably Is not related fo ontigenic type. Thres of the 8 strains tested showed a 50%
or greater loss of infactivity after 1 hour at 37°C.

The plaque reduction nautralization test Is very sensitive to the effect of non.specific anti.viral
substances in serum. Sera from several species were tested agoainst dengue viruses by plaque reduction to
measure non.specific antl.viral activity. The tests were performed In the identica! manner as the PRNT
sxcept the sera were freshly collected, had never been frozen, and were not heat.inactivated. Heat
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inactivated (56°C, 1 hour) sera were used as controls, Results, given in Table 9, show the presence of non
specific inhiblors In all sera tested. In the majority of sera significant anti-viral activity was present at the
1:10 dilution. The common occurrence of hsat labile non.specific anti.viral substances in fresh zara precluded
the use of fresh sera as a source of ‘accessory substance' to enhance virus nevtralization.

To determine the accuracy of the plaque reduction neutralization test when two or more sara are
simultaneously tested against a single virus for purposes of determining comparative potency, the following
experiments were performed: Dengue.l (Hawaii) antiserum was diluted 1:4 and 1:8, the two dilutions were
then treated as serum of unknown potency and tested against the homologous Virus. In a second test dengue
{TH—Sman) antiserum was diluted 1:4 and 1:8 and tested in pcrallel with undiluted serum. The dilution
factor was unknown to the technician performing the test who treated each one as a whole serum of
unknown titer. The results obtained are presented graphically in figures 7 and 8. The 50% effective dose
(EDso ), 95% confidence limits of the ED 5o, relative potency of the two sera in each test, and the 95%
confidence limits of the relative potency were calculated by method for parallel.line, graded response
bloassay. Results of statistical analysis indicated that in both tests the 95% confidence limits of the ED so
were exclusive, Indicaling that this technique can distinguish two fold differences In 50% plaque reduction
titers. In addition the dose response curves were linear and parallel indicating that estimation of 50% plaque
reduction end points by the method of Cutchins is in an appropriate way of describing potency of antisera.

Additional exparience with the use of this test for comparing serum titers against different virus
strains, and for comparing results of tests performed at different times with differeni lots of seed virus
Indicates that, under conditions where such additional variables are present, two fold differences may not
be significant. This Is especially true with early antiserum where the slos of the dose response curve is
steep. In such cases, observed differences in 50% plaque reduction titers must be 4 fold or greater to be
certain of biologlc significance.

Dengue Virus Identification.

The PRNT used in conjunction with reference anti sera made by a single subcutaneous injection of
live virus in Macaca irus monkeys has proven to be an excellent method for identification of dengue viruses.
Dengue virus strains identified by this method are listed in Table 10 with host and passage level, country
of origin, and year of isolation., The reference strains were originally obtained from Dr. Wm. McD. Hammon.
The Thailand and South Vietnam strains were Isolated In this laboratory from human serum. Twenty.five were
isolated In suckling mice, nine were isolated in BS-C.1 tissue culture by the challenge virus resistance method
and three were isolated by direct plaque method in LLC.MK, cell cultures.

The Thailand viruses from 1962, 1963 and .1964 are selected strains that could not be readily
identified by complement fixation tests or neutralization tests in BS.C.1 tissue culture. Thus they are not
representative strains from that period. After 1965, identification by other methods was not done.

The mojority of the strains, including all four serotypes, were isolated from patients with the
clinical diagnosis of hemorrhagic fever. Three ctrains came from patients with an undifferentiated febrile
iliness and thirteen strains were isolated from cases of dengue fever In cavcasians.

The Pak-18 strain was obtained from WRAIR, and the Philippine strains were isolated In this
loboratory by Dr. Basaca Sevilla.

The Tahiti strain was isolated from human serum by Dr, Leon Rosen, during the dengue epidemic in
late 1964 and was sent to this laboratory for identification. This agent (T 502066) was Isolated in mice by
blind passage but produced no symtoms in mice up through 10 passages. Virus growth was identified by
resistance of mice to challenge with virulent dengue virus and by production of challenge virus resistance
on passage to BS.C.1 cell culture., BS.C.1 passage virus was propagated in this laboratory in LLC.MK; cells.
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Antisera to all strains were made in Macaca Irus monkeys by a single subcutaneous injection of
107 to 10* plaque forming units (pfu) or, in the case of the mouse adapted reference siralns, 104 to 108
suckling mouse Intracerebral LDs,. Serum was harvested approximately one year post inoculation for the
reference strains and 2 months post Inoculation for the other strains. Mouse antiserum to dengue.4 was made
by three subcutaneous Injection of 105 suckling mouse IC LDs, one week apart and harvesting serum after 4
weeks,

The results of cross neutralization tests with reference dengue sirains and antisera are given in
Table 11. The neutralizing antibody titers clearly distinguished bstweon types 1 through 4. TH.36 cannot be
clearly differentiated from dengue.2 nor can TH.Sman be clearly distinguished from dengue-1 although small
differnces in neutralization titers are observed.

The type 1 and type 2 antisero reacted only within their serotypes with no detectable titer to
types 3 or 4. Antisera to types 3 and 4, on the other hand, gave evidence of cross reaction with
haterologous types. However, wide differences between heterologous and homologous titers were observed.
The most notable cross reaction was the titer of 1:90 of dengue.3 antiserum against type 1 virus compared
to a heterogous titer of 1:350, This cross reaction Is not reciprocal and does not preclude differentiations
between viruses within the 1 and 3 serotypes.

Results of testing 10 virus stralns in the type 1 group, including strains from Thailand and South
Vietnam agalnst the reference antisera are given In Table 12. In addition, monkey anti;era to four Thal
strains was tested. All of these agents were neutralized by dengue.i and TH.Sman antiserum. The titers
obtained by testing these Isolates with dengue.l antiserum were uniformly lower than the homologous serum
titer. The titers against the TH.Sman antiserum, however, were not significantly different from homologous
titerz. Three strains showed very low titered cross reactions, of doubtful significance, with dengue.2 or
TH.36 antiserum. Seven of the ten strains were neutralized in low titer with the dengue-3 antiserum.
Antisera made fo the 4 Thal strains neutralized TH.Sman virus with titers not significantly different from
homologous titers. There appeared to be some variation in nevtralization of dengue.l virus by the Thailand
strain antisera. Antisera to No. 12900 and 22448 had similar titers against homologous virus dengue.l and
TH.Sman. Hawever, antisera to strains Nos. 14580 and 18280 had somewhat lower titers to dengue.1 than
to TH.Sman or homologous strains,

Eight dengue.2 strains ware included in this series and all were neutralized in high titer by
dengue.2 antisera and in very low titer by dengue.3 antisera as shown in Table 13. The titers of dengue.2
antisera against the Southeast Aslan strains were significantly lower than against the homologous virus and
against TH.36, both of which are highly mouse adapted.

Table 14 shows the results of neutralization tests with 14 strains which were neutralized by type
3 antisera, with one exception, o marked antigenic uniformity among dengue-3 group is apparent. None of
the dengue-3 strains reacled with heterologous antiserum. Antisera made against strain No. 14670 and the
Pakistan-18 strain reacted ‘miliarly with the homologous virus and with the reference dengue.3 strain. The
Tahiti strain was neutralizeu only by type 3 antiserum but the serum titer was significantly lower than

titers o all other strains.

The monkey antiserum made against the dengue.4 prototype strain had comparatively low titer
compared to mouse antiserum to the same virus as seen in Table 15. The monkey antiserum to strain 14486
had o similar low titer, however, there was no cross reaction with the other serotypes. As shown in Table
16, 8 isolates were neutralized by dengus.4 mouse antiserum although five of the eight strains reacied
with lower titers than the prototype strain. The cross reactions noted between dengue.4 prolotype and
14486 Indicate some degree of antigenic variation within the group.

The results described above indicate that the plague reduction neutralization test Is an exiremely
useful method for identification of newly Isolated dengue virus strains. Of primary interest is the fact
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that strains isolated In tissue culture could be identified without adaptation to mice and without extensive
adaptation 1o a tissue culture system. It was possible to identify several strains of dengue.3 and dengue-4
which could not be identified by mouse neutralization test, complement fixation tests, or nevtralization lests
in BSC.1 tissue culture. In our experlence a tissue cullure seed with a titer of 500 plaque forming unils
per 0.15 ml is adequate for accurate typing by this method.

Monkey antisera prepared In Macaca irus monkeys by a single subcutaneous Inoculation of virus
were shown 1o have a high degree of specificity and this presently Is considered to be the method of
choice for producing dengue antiserum. When tested by the plaque reduction neutralization test sufficlently
high titers are observed to Identify viruses and measure antigenic relationships.

It Is of interest that all viruses tested could be placed within one of the 4 major dengue serotypes by
a nevtralization test against antisera to reference strains. In all cases where antisera to new isolates were
made, cross neutralization tests confirmed the results obtained by the typing fest. These results suggest that the
typing test using reference antisera is sufficient for routine epidemiologic studies. Antigenic varlation within
the major serotypes has been previously emphasized by Hammon, and the results described above indicate
antigenic differences between dengue.1 and TH.Sman and dengue.2 and TH.36 as well as similar within the
dengue.4 serolype. On the basis of these results, however, variation does not appear to be of sufficient
magnitude to justify classification of other than 4 major serofypes.

There appeared 1o be no significant differences between virus strains Isolated from hemorrhagic
fever patients and those Isolated from patients with undifferentiated fever and classical dengue. The two
strains of dengue 4 isolated from patients in South Vietnam represent the first strains of this serotype
found in that area.

Identification of Dengue Viruses from Koh Samui.

The ide:dification of dengue viruses isolated from human sera and mosquitoes collected on Koh
Samul are pre:ented separately below because different lots of typing antisera were vsed and Some special
problems arose. Al viruses were isolated in LLC.MKz cell culture and the mosquito strains were also
reisolated in suckling mice.

Results of Identification of 16 strains isolated from human sera are presenied In Table 17, The six
type 3 stralns appear similiar to previously identified type.3 sirains from Bangkok and other areas. Several
of the type 2 sitrains, especlally 24367, 24453, 24464, 24742 and 25076 were neviralized only by low
dilvtions of the dengue.2 (New Guinea ‘‘C'') antiserum.

Simliliar results were seen when tissue culture seeds of viruses isolated from mosquitoes were
tested against reference antiserum. Table 18 gives the results of typing by plaque reduction neutralization
test of 7 dengue strains all of which are dengue.2. Of interest Is the fact that suckling mouse passage
BKM 551.66 was neutralized by high dilutions of dengue-2 antiserum whereas the tissue culiure line of the
same virus was neviralized only by low dilutions of the same antiserum.

Antisera made in monkeys to suckling mouse and tissue culture strains of BKM 551.66 both had low
neutralizing antibody titers whaen tested against the tissue culture propagated virus; however the oniisera
made to suckling mouse propogated virus neutralized profotype high mouse passage dengue.2 strains and
the homologous virus at high titer.

This phenomenon is unexplained and introduces additional difficulties In Identi*ication of some
newly isolated dengue viruses. The effect of the host on the susceptibility of dengus virus stcains to
neutralization by antlbody is presently being investigated.
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Virus Isolation Methods.

isolation of arboviruses had previously been attempted in suckling mice and BS.C.1 cell cultures.
The challenge virus resisiance technique using BS.C.1 cells proved to be extremely sensitive for dengue and
Japanese encephalitis viruses. As with suckling mice, however, this method often requires up to three blind '
passages (with attendant dangers of cross contamination) before virus presence can be dstected. A large
number of tubes is also required, which limits the number of specimens which can be carefully tested. A
system sensitive to all arboviruses known to be present In Thailand but which would be simple, direct and
suitable for testing o large number of specimens- was desired.

Because all known Thal arboviruses produce plaques In LLC-MK; cell cultures, this easily handlsd
cell line was adopted for the isolation system. At present, isolation from all non.blood.engorged mosquitoes
are being attempted by direct plaques. Mosquito suspensions undiluted and diluted 10 and 100 fold are
adsorbed onto LLC.MK; cell monolayers in 1 oz bottles and overlayed with agar as previously described.

In addition, two bottles are inoculated with undiluted mosquito suspensions and held as fluid cultures for
virus seeds. Agar overlayed bottles are reoverlayed and stained at 7 days ond examined on days 8 to 12.
If plaques appear the fluid cultures are harvested on day 14 and titered. If the titer Is not adequale for
plaque reduction typing, additional passages are made.

For blood.engorged mosquitoes and tissue or serum, where antibody may be present, o direct and
delayed plaque system was developed as follows:

Specimen for Virus Isolallon

v
T Undiluted Undituted and 1:25
Fluid Culture Fluid Culture Plaque Cultures
(V) If direct plaque-+ Adsorb 2 hrs Add agar overlay
harvest on day 14 Maintenance medium after 2 hour
for 7 days, then add adsorbiion.

agar overlay
(2) If delayed plaque+
harvest no sooner
than day 14. Pass
If necessary

Seed Virus Delayed Plaques Direct Plaques

The delayed plaque system allows time for (1) virus—early antibody dissociation; (2) adsorbtion when very
small numbers of viruses are present and (3) one cycle of replication to occur. The delayed plaque system
is more sensitive than direct plaques alone, and has resulted in Isolation of about one third more dengue
viruses {Table 20).

For isolation of dengue virus from mosquito suspensions, however, the LLC.MK: plaque system
appeared to be superior to suckling mice the mice either failing to detect virus or being resistant to
dengue 2 challenge but not becoming Ill. (Table 22). It should be noted, however, that It has been difficult
to prepare virus seeds of high titer from some mosquito isolates.
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Suckling mice appear to be fairly sensitive for isolation of dengue viruses from human serum,
Mice were successfully used to isolate viruses from 15 plaque positive viremic human sera from the Koh
Samul and Vielnam dengue outbreaks. These sera contained dengue types 1, 2 or 3. In 9 of 15 cases,
however, mortality did not occur until the third blind passage (Table 21), whereas in the direct-delayed
plaque system virus Is detectable in the first passage.

Characteristics of dengue virus growth in LLC.MK: cells

Use of LLC-MK; calls for detection of dengue viruses in acute phase human o and in
suspensions of field.collected mosquitces has been extremely successful. There has bee . some difficuity,
however, In consistently making coll culture virus seeds with titers adequate for typing largely because the
optimal time from inoculation until harvest was unknown. Experiments designed to determine this inferval in
LLC.MK, tube cultures of varlous ages, Inoculated with minimal doses of low tissue culture passage
dengue-2 virus, were carrie. 2ut. At the same time, similar aged tube cultures of primary human embryosic
lung and kidney cells were inoculated in an attempt to determine if diploid human calls supported dengue
virus replication to higher titer than did the continous monkey kidney cell line.

In addition to LLC-MK, monolayers from one through seven days old at the time inoculation, ce!l
suspensions were also inoculated with virus. Cells were counted daily before new cultures were prepared so
that on the day of virus inoculation the cell populations of each age group were approximately equal.
Human primary cells were of limited avallability and so only monolayer tube cultures seven days of age
were vied. The cells were wash,d once with Hank's balanced salt solution (HBSS) and Inoculated with 15.20
pfu of dengue.2 virus, BKM.540 in LLC.MK, passage two (first experiment) and passage three (second
experiment), The virus was allowed to adsorb at 37°C for 1 1/2 hours. The tubes were then maintained
with M.199 with 5% heat inactivated calf serum, pH 8.3. Cell.associotad virus was harvested in 1 cc per
fube of medium 199 with 504 heat.inactivated calf serum. In the first experiment (ce!l suspensions and
monolayers 1.4 days of age) the virus was harvested from randomly selected tubes on alternat days by
mechanically lysing them in the micro-homogenizer attachment of the Omni.Mixer, with sterile sa. at about
30,000 rpm for three minutes. This method provided lysis superior to sand alone with vortex mixing or
osmotically shocked cells followed by sand and vortex mixing, and equal to three cycles of rapid freezing
and thawing. Since freezing and thawing was the simpler method, it was used for harvesting dengue virus in
the secord experiment. Cell lysates were centrifuged and stored at.70°C until assayed.

Ability to support virus replication increased with the age of the cell monolayer at time of
inoculation up to four days of age, after which there was litile difference. Virus titers ofter 19 days
incubation, however, were higher for 7 day old cells than the younger 4 and 5 day old cells. Virus titers
were Independent of the slight differences in cell populations. Virus titers in LLC.MK2 cells rose to a peak
on day 6 (second experiment) and day 8 (first experiment) fell two days later and rose to a wew, higher
peck four to 8 days after the first peak (Figures 9 and 10).

The occurrence of both peak titers in the second experiment {wo days in advance of and higher
than of the first experiment suggests that the one addition LLC.MKz cell passage may have resulted In
further adaptation of the virus to the cell system.

The virus titers in human embryo kidney and lung cells (Figure 10) rose more slowly, the first
peak occurring on day 8.10, the titer falling and then peaking again on day 16, and falling again on day
19, but at no time achieving the maximum titers of the LLC.MKz cells.

In both cell systems, the occurrence of two peaks in virus titers suggests that when the virus input
is small, virus replication proceeds synchronously in the cells, mature virus appearing, reinfecting and
oclipsing, and progeny virus maturing again, all at about the same time. It was not untll after the second
peak, 19 days post Infection, that the synchrony broke down. This was most striking in the human
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embryonic lung cells, when only one pfu was seen in three bottles on day 12, a drop In titer of over 103
pfu in 48 hours. These cycles point up the importance of allowing o~ adequate time intarval between
inoculation of virus and harvest.

Virus propagated in human embryonic lung cells produced plaques of uniform size and clarity. Both
kidney cell types, human primary and monkey heteroploid, produced virus of mixed plaque size and
morphology, small clear plaques and large hazy plaques in a ratio of about 3:1.

‘D_engue Viremia in Primates.

in the course of the studies on dengue antibody in monkeys, viremia was measured in 12 Macaca
irus monkeys following a single subcutaneous inoculation of dengue virus. A variety of dengue viruses
including high mous! passage prototype dengue-1 and low tissue culture passage local strains were used.
The results, shown in Table 23, indicate that Macaca irus monkeys regularly developed viremia following

inoculation with dengue viruses types | and 4.

A preliminary experimont in March 1966 indicated that the white.-handed gibbon (Hylcbates lar)
developed Hl antibody following subcutaneous inoculation with dengue.l virus. To determine the usefulness
of this species for studies of cross immunity of dengue virus, a second experiment was done in which 7
gibbons were given a subcutaneous inoculation of approximately 100 plaque forming units of a local
dengue-2 strains (No. 1004+4) in the 3rd BS.C.1 passage. Five gibbons had no previous exposure to dengue
and two had had a dengue.l infection 5 months previously. Viremia was estimated on days 2 through 10
following inoculation.

Viremia developed in all gibbons (Table 24). The five animals which had had no previous exposure
to dengue to virus all had between 4 and 6 days of viremia with maximum titers of approximaiely 10.”
The two gibbons which had previous dengue.l infections had a shorter viremia with lower titers,

It appears that both the cynomalogous monkeys and white.handed gibbons will be useful for
future studies on cross protection between dengue strains. With the virus strains tested, all inoculated
animals developed viremia. It is anticipated that detailed studies on cross protection between dengue virus
strains will be carried out using these animals as experimental hosts.

Dengue Antibody and Monkeys.

Studies reported in the previous annual report demonstrated that experimental infection of
Macaca irus monkeys with dengue.2 virus resulted in an early 195 antibody response followed by production
of 75 antibody. The 195 antibody was identified by immunoelactrophoresis as Ig-M and the 7S antibody as
predominately 1g-G. ig-M aniibody fell to undetectable levels within 2 months after infection. Further
studies were carried out to determine the nature of the immunoglobulin response following primary and
secondary dengue infections in monkeys. Two monkeys (A.-21 and A.37), free of B group arbovirus
antibody, were inoculated subcutaneously with 120 pfu of a local strain of dengue.2 virus in the 3rd fissue
culture passage. Approximately one year later the same monkeys were inoculated subcutaneously with 1000
pfu of dengue.l virus in 2nd tissue culture passage.

Table 25 presents the results of density gradient centrifugation of serum collected at frequent
intervals following these experimental infections. In both animals the primary dengue.2 infection caused a
195 antibody response {measured by Hi test) beginning on day 10 and disappearing prior to day 42, the
7S response began on the 12th day following infection and 7S antibody was present one year later. The
second dengue infection with dengue.l virus did not result in production of detectable amounts of 195
antibody; however, 75 antibody titers rose rapidly by the 12th day post inoculation,
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The virus neutralizing properties of mercapto.ethanol sensitive 195 antibodies against dengue
viruses had been previously demonstrated. The specificity of such antibody was compared with the specificity
of 7S antibodles in sera from 2 monkeys 14 days following dengue.2 infection. Pooled fractions from 19
and 7S zones of the density gradient were extracted with acetone and tested by plaque reduciion
neutralization test against prototype dengus viruses. Results are given in Table 26. Monkey A.39 had a very
high 7S antibody titer. The opparent minor differences in specificity between 19S5 and 75 fracticns are
probably due to relative amounts of antibody rather than actual differences in specificity.

Neutralizing antibody in whole serum of monkeys A.21 an) A.37 was measured before and after
the secondary dengue-1 infection by plaque reduction neutralization fest. The results, given in Table 27,
show type specific neutralizalion one year after the dangue.2 infection, but 21 day after the dengue.1l
infection broad cross reactivity was apparent. The rise of neuiralizing antibody (Table 28) roughly parallels
in time the rise of 75 Hl antibody in these monkeys, reaching high titers by 14 days post inoculation.

Immunologic Response to Dengue Infection in Man.

Preliminary studies reported in the previous annual report demonsirated a short period (2 to 4
weeks) of 195 antibody production following primary dengue infections in Thal children. The cases of
secondary dengue infection studied, however, had little or no 195 antibody and a marked 75 antibody
response. These studies were continued and a total of 23 sera from 8 cases of mild dengue infeciions
exhibiting a primary type of antibody responss were fractionated by sucrose density gradient ultra.
centrifugation. The fractions were tested for anti-dengue HI activity ond for sensitivity to reduction by
2-mercapto ethanol. A typical pattern of primary response is shown in Table 29. The 19S mercaptoethanol.
sensitive, antibody appeared on the 6th day of illness and 75 antibody appeared on the 10th doy. Simllar
patterns were seen in the other 7 cases studied with 195 antibody appearing as early as the 4th day of
illness and persisting as long as the 30th day. In 3 cases, 195 antibody was no longer detectable in the

serum affer 18 days.

Forty.one sera from 14 cases of secondary dengue infections were fractionated. Table 10 shows a
typical pattern seen in a secondary dengue infection associated with the dengue shock syndrome. A marked
75 antibody rise preceded 195 antibody formation, and the 195 response was markedly suppressed. In 5 of
14 cases, small amounts of 195 antibody were detected between the 4th and 18th day of illness, however,
in the remaining 9 cases, no 19$ antibody was found.

These studies utilizing density gradient ultra.centrifugation technique indicated that, in the case of
primary dengue infections, the first anti.dengue immunoglobulins detectable are 195 globulins, and 7§
antibodies appear 1.3 days after the appearance of the 195 antibodies. In such cases if antigen.antibody
complexes are formed within the host the complexes would consist predominately of 195 antibody and viral

antigen.

In the case of secondary dengue infections, the first detectable antibodies are 7S globulins which
rise rapldly in titer; the 19S globulins in most cases cannot be detected or, are produced in small amounts.
in the secondary cases, therefore, antigen.antibody complexes, if formed, would contair predominately 7§
antibody.

Since patients with dengue shock syndrome have o secondary type antibody response which may be
associated with the pathogsnesis of this syndrome, studies were carried out to determina the identity of the
75 anti.dengue antibodies present in the serum during and after the shock phase.

Patients with hemorrhagic fever who were admitted to the Children's Hospital in the early stages
of dengue shock syndrome, were carefully followed clinically, and blood specimens obtained at frequent
intervals. Sera were quick frozen immediately after separation and stored at.70°C. Sera were tested for
dengue Hl antibody and pooled for fractionation by DEAE-cellulose chromatography.
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Pooled sera (4 10 8 ml) were applied to a 2.2 x 40 cm column of Sephadex G.25 and eluted
with 0.03 M phosphate buffer, pH 6.4. The protein containing eluate from the Sephadex column was applied
to a 2.5 x 80 c¢m column of DEAE.cellulose previously equilibrated with 0.03 M phosphate buffer, pH 6.4.
The protein was eluted from the column with 0,03 M buffer at a flow rate of 5 ml/minute, Protein
concentration (optical densily at 280 mu) was measured continuously and the protein containing eluate
pooled os fraction I. Subsequent elutions were made in a similiar manner with 0.1 M and 0.3 M phosphate
buffers also at pH 6.4. Three fractions were thus obtained and the globulins in each fractions were
concentrated by precipitation in 50% ammonium sulphate. Precipitates were sedimented by centrifugation,
dissolved in normal saline, and dialysed against normal salinc for 24 hours.

The immunoglobulins contained in the concentrated fractions were assayed by two methods. Single
radial diffusion in agar containing specific antibody against lg-M, 1g-G or Ig.A was done using commercial
reagents (Immunoplate, Hyland Laboratoriss). Immuncelectrophorasis was done using goat antiserum against
Ig-G, Ig-A, and Ig-M (Hyland Laboratories), and antituman globulin serum prepared in rabbits.

Each fraction was tested for Hl antibody against 4 dengue antigens and the sensitivity of the Hi
antibody to reduction by 2.mercaptoethanol was determined.

The HI antibody titers of the sera and the serum pools are given in Table 31. In all cases high
antibody titers were present at the time shock was observed. Table 32 presents the results of immunoglobulin
and antibody assays of the fractions from the DEAE chromatography.

The racial diffusion method proved superior to immunoelectrophoresis for detection of low
concentrations of immunoglobulins, and in addition, allowed measurement of concentrations.

The method used for fractionation was found to have two major disadvantages. First, the yield of
partially porified immunoglobulin was somewhat low; due in part to loss on the DEAE column and in part to
the methoa of corceniration. Second, and more importantly, fraction Il and lil, containing Ig.A ond Ig-M,
respectively, always contained measurable amounts of ig-G as well.

Fraction 1, eluted with 0.03 M phosphate buffer, contained > 95% of the total 19.G, and no Ig-A or
Ig-M was deteciable in this fraction in any case. It is apparent from table 32 that most of the antibody
activity was also found in fraction | in each ca.s. Hi antibody fiters in fraction | are 40 to 1000 fold
greater than the titers seen in fraction Il or Iil.

ig-A was found in fraction 1| although traces were present in fraction Ill in cases HFI.747 and
HFI-749. Ig-M was detected only in fraction 1.

It is opparent that the HI anrtibody activity in fraction | is related primarily to the 1g-G content.
In every case, the HI antibody titers of froction Il were low and were not affected by treatment with
2.mercapiocthancl, It [s reasencble to conclude, therefore, that the Hi antibedy activily in fraction Il was
due to the small amounts of 19-G present and not due to 1g-M, which is sensitive to the action of 2.
mearcaptoathanol. This waos confirmed in case HFI.773 by sucrose densily gradient ultracenirifugation of the
serum pool. The results, given In Table 33 show that no HI antiboedy activity was found in the Ig.m
confaining fractions (2, 3 end 4), and oll HI antibody was 2.mercoplosthanc! resistant, The findings In these
cases are consistent with previcus findings that little or no anti.dengue lg-M antibody Is present in the sera
of paliants with dengue shock syndrome.

The results obtained with the 1g.A containing fraction Il were more difficult to interpret. The
amount of 1g.-G present in fraction Il in each case was of the same order of magnitude os the amount of
1g-G in fraction 1), The HI antibody titers are likewise in the same range. Allowing for the inaccuracies of
measurement of both immunoglobulin concentration, and of antibody titers it appears that oll HI antibody
activity could be ascribed to the 1g.G content of fraction Il in each case. However, it is impossible from
these results to state with assurance that Ig.A did not contribute to the antibody activity measured, The
amount of HI antibody activity due to Ig-A in the original serum pools, if present at all, must be very
small in comparison with 1g-G  stibody activity.
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Additional studies of this nature are in progress as well as experimenis io improve the techniques
of purifying Immunoglobulins.

Complement fixation by 195 and 75 antibodies to Arboviruses.

Studies reported above have shcwn that both 195 and 7S anti.dengue immunoglobulins react in the
hemagglutination.inhibition (HI) test and neutralize dengue viruses in vitro. Little information is available
however on the complement fixing (CF) properties of human immunoglobulins from sera containing antibodies
against arboviruses. The fact that CF activity is low or absent during very early convalescence from a
primary dengue or a chikungunya infection when both Hl and N antibody activity are present and 19S
globulins comprise ihe major portion of active antibody in tha serum, suggests that the CF aclivity of 19§
globulins is low. Studies were done to determine the CF activity of 19S5 globulins in vitro.

Using sucrose density gradient methods, partially purified preparations of 195 and 7S globulins
were obtained from early convalescant sera from cases of dengue, Japanese encephalitis and chikungunya
infections in man. Fractions from the 19S5 and 7S zones of the density gradient were pooled, dialyzed
against phosphate buffered saline and concentrated by lyophilzation. HI and CF antibody titers of the
original serum and the pooled fractions were measured against homologous and heterologous viral antigens.
Antigsns used were prepared by sucrose.acetone treatment of infected suckling mouse brain.

Results summarized in Table 34 indicate that the 195 pools have HI activity but no CF activity.
The 7S pools, on the cther hand have both HI and CF activity. The tests done with the Japanese encephalitis
and chikungunya antisera indicate that the CF activity of the 7S fraction was specific for the homologous
antigen.

The 195 pools were tesied by single radial diffusion «nd immunoelectrophoresis to determine the
content of specific immunoglobulins. Results indicated that the 19S pools contained Ig-M in concentrations
of 25 to 65 mgx and traces of 1g-G. The 75 pools contained 19.G and Ig-A with no detectable ig.M. The
Hl antibody activity of the 195 pools was enticely 2.mercapto.ethano! sensitive and the HI octivity of the
19S pools was enfirely 2.mercapto.ethanol sensitive and the HI activity of the 7S pools was resistant to
2.mercapto.ethanol. Therefore, t.e antibody activity of the 195 pools was due to the ig.M content.

Experiments were carried out to determine if 195 globulin known to have Hl activity, but not CF
activity, could block the complement fixing action of whole serum in vitro. Several methods were tried and
the most effective was as follows: The CF antigen to be used in the test was incubated with 19S antibody
pool (diluted 1:10 or 1:20) for 18 hours at 4°C. Following incubation with the 195 antibody, the antigen was
added to the diluted serum in microtiter plates, complemeni was added, the mixture incubated again for 18
hrs. at 4°C prior to addition of the hemolytic system. The results of these expariments Indicate that 19S
antibody effectively blocks complement fixation by whole antiserum under ths conditions described.

To determine the specificity of this blocking reaction 19S globulin pools from cases of dengue,
chikungunya, and Japanese encephalitis were tested for blocking activity against homologous and
heterologous antiserum. The results tabulated in Table 35 clearly showed that anti-dengue 175 globulin
blocked the CF reaction between dengue antigen, and dengue antiserum, but failed to block the CF reaction
between chikungunya antigen and antiserum, or lapanese encephalitis antigen and ontiserum. Similarly
anti.chikungunya 195 globulin and anti.JE 195 globulin blocked the homologous CF reaciton between antigen
and whole antiserum, and failed to block heterologous CF reaction.

The results obtained indicate that Ig.M antibodies bind specifically to the combining sites of CF
antigen without fixing complement. The antibody binding is effective in preventing subsequent reaction of
complememt fixing antibody with the antigen.
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Summary:

Factors effecting the plaque reduction neutralization test for dengue virus antibody were
investigated. Several dengue virus strains were found to have a significant loss of infectivity when
incubated at 37°C for one hour. Sera from several mammalian species contained non.specific heat iabile
virus Inhibitors at dilutions of 1:10. Statistical evalvation of the plaque reduction neutralization test
indicated that it was possible to distinguish 2 fold differences in comparative potency of antisera.

A methad for identification and serologic classification of dengue viruses using the plaque
reduction test with monkey immune serum is described. Results of typing 40 dengue strains confirmed the
usefulness of this method for classification of low passage dengue strains.

A new and highly sensitive method for isolation of dengue viruses by direct and delayed plaqus
methods in LLC.MK:» cell culture is described, and evidence is presented which confirms the usefulness of the
method.

Studies on experimental dengue infections indicated that Macaca irus and Hylobates lar regularly

developed viremic when infected subcutaneously with low passage dengue viruses. Primary dergue infections
in Macaca irus results in an early 195 antibody response. Secondary infections however, are characterized
by very small amounts of 195 and a marked rise in titer of 7S antibody components.

Fractionation of serum collected from patients with dengue shock syndrome using DEAE-celiulose
chromatography indicated that most, if not all, of antibody activity present in the serum during the shock
phase is 1g-G. No antibody activity dve to 1g-M or ig.A was detected.

lg-M antibody present in the early convalescent sera of patients with primary dengue, chikungunya,
or JE infections was found to lack complement fixing activity, This 1g-M antibody had HI activity and under
experimental conditions was able to block complement fixation by whole ontiserum.
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Title Virus Diseases of Americans In Southeast Asia

Principal Investigators: Philip K. Russell, LTC MC
Ananda Nisalak, M.D.

Suchinda Udomsakdi, M.D.
Phillip E. Winter, MAJ MC

Associate Investigators: George Allen, LTC MmC*
Thomas Weber, CPT MC*
Carlton Reilley, MAJ MC**
Saowani Chumdempadetsuk, MD.
Prapont Piyaratn, M.D.

Objective: To determine the etiology and study the epidemiology of viral illnesses in US military and
civilian personnel stationsd in Southeast Asia.

Description: Through liason with dispensaries and hospitals in Thailand specimens for virologic and serologic
diagnoses were obtained.

Studies on fevers of unknown origin occurring in US military personne! in South Vietnam are being
done through the cooperation of the US Army Medical Research Team (WRAIR) Vietnam and the medical
staffs of the 93rd Evacuation Hospital and the 8th Field Hospital. Clinical and epidemiologic data and
serum specimens were collected in these hospitals and the serum shipped to SMRL for virus Isolation, and
serologic testing for orboviruses (HI test) leptospirosis, (hemolytic test) and scrub typhus (FA test).

Progress:

Death due to Hemorrhagic Fever in an American Child.

Previous to this report no fully documented case of dengue shock syndrome had been observed in
a caucasian in Thailand. The high incidence of dengue HF in Thai children and the absence of cases in
cauvcasians had led to theories that genetic or nutritional difte:.aces caused the apparent difference in
susceplibility. Recent evidence indicates that cases of dengue shock syndrome In Thai children are associated
with o secondary antibody response to dengue infection. This report presents a fatal case of dengue HF in
an American child with an immunologic response indicative of a secondary dengus infection.

A 16 month old male child born in Thailand of Arierican parents had always lived in known dengue
endemic areas of Thalland. The patient developed fever on 13 June 1966 and was brought to a medical
facility on 16 June because of lethargy. Examination on 16 June revealed o fever (104°F}, an erythematous
circumoral rash and a palpable liver 2 cm. below the right costal margin. Antipyretics and tetracycline
therapy were prescibed. On 17 June he appecred improved, total leucocyte count was 4600/mm3 and the
hematocrit was 37%. On 18 June he was admitted to the hospital because of lethargy, vomiting, and low

fluld intake.

* Dept. of Medicine, 93rd Evacuation Hospital APO 96491
**Dept. of Medicine, 8th Field Hospital APO 96240
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Physical examination or admission revealed slight dehydration and lethargy, pulse 100/min,
respirations 40/min, temperature 98.8°F. The lungs were clear and no cardiac abnormalities ware noted. The
liver was enlarged to 4 cm. below the costal margin. Scattered petechiae were seen on the lower
extremities. Neurological examination was negative. Admission leucocyie count was 7,600/mm3, with 42%
polymorphonuclear cells, 564 lymphocytes and 2% monocytes. Hemsglobin concentration was 16 gmy,
erythrocyte count was 6.7 million/mm?.

Intravenous fluid therapy with 5% qlucose in normal saline was started and erythromycin and
dexamethasone were given., The patient suddenly expired 16 hours after admission,

At autopsy, scattered petechice were present on the lower extremities. The pleural cavities
contained about 200 ml. of serous fluid on each side and the peritoneal cavity contained 300 ml. of serous
fluid. The liver extended 4 cm. below the costal margin and patchy capsular hemorrhages wers present on
the anterior surface. Tiz stomach and intestines containad ‘‘coffee ground'' fluid, Numerous scattered
mucosal petechiae wers present in the small and large intestine.

Microscopic examination of the liver revealed patchy hepatic necrosis characterized by hyalinization
of hepatic and Kupffer cells. Focal perivascular hemorrhages were seen in sactions of gasirointestinal tract.
The spleen and lymph nodes showed lymphoid depletion and reticuloendothalial cell hyperplasia. Adrenal
cortex revealed focal degeneration, and occasional cytolysis of the cortical cells, particularly of the zona
glomerulosa and fasciculata.

No virus was isolated from heart blood obtained at death, 5 days after onset of fever. Antibody
titers to the 4 dengue serotypes and Japanese encephalifis virus are listed in Table 36, Neutralizing (N)
antibody titers showed broad cross reactivity within the dengue group. Sucrosa density grodient
ultracentrifugation of the serum (Table 37) revealed the presence of a small amount of 19S, mercaptoethanol
sensitive antibody in fraction 4, while the majority of the antibody was in the 7S zone, fractions 6.9, ana
was mercaptoethanol resistant.

The 3 day febrile period followed by lethargy. increasing hepatomegaly, petechial rash, and
hemoconcentralion is typical of severe dengue hemorrhagic fever. The findings at autopsy of serous effusions,
patchy capsular hemorrhages of the liver, petechiae of gasiro.intestinal tract, focal hepatic necrosis,
iymphoid depletion with associated reticuloendothelial cell hyperplasio of spleen, and lymphnodes and odrenal
cortical damage have been described as characteristic findings after death due to dengue hemorrhagic
fever. The clinical, and nathological findings, however, are not pathognomenic.

Neutralizing antibody titers following a first (primary) dengue infection are relatively low titered and
do not exhibit extensive cross reactions with the other serotypes. Therefore, the high neutralizing antibody
titers to all 4 dengue virus serotypes found in this case are indicative of a second infection with a dengue
virus. The HI titer of 1:5120 on the 5th day after onset of illnsss is also evidence of a second infection
with o dengue virus. Primary dengue infections have little or no HI antibody this eary in the course of the
illness.

The presence ot 195 Hl antibody establishes a recent dengue infection since 195 antibody persists
only 3 fo 6 weeks after onset of iliness in dengue infections. The very high Hi antibody titers in the 7§
fractions of the sucrose density gradient on the fifth day ofter onset of illness are found in secondary
dengue infections, but not in primary lengue infections.

Clinical, pathological, and serological findings provide strong evidence that the patient died of dengue
hemorrhagic fever associated with a dengue virus infection. This case is of interest since it is the first
documented case of severe dengue hemorrhagic fever in a caucasian of European descent, and suggests that
factors other than genetics contribute to the apparent insusceptibility previously observed. If the ‘‘second
infection hypothesis'’ of the pathogenesis of this disease is correct, the low incidence is due to the
relatively small chance of foreigrers living in Bangkok of contracting two dengue infeclions. The greater
use of screens, repellants, and insecticides by foreigners, coupled with a limited time of residence in the
country may be the most imporiant factors.
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FUO studies at the 93rd Evacuation Hospital. Between 1 April 1966 and 31 August 1966, an FUO study
was carried oul on patients admitted to the medical service of the 93rd Evacuation Hospital, Long Binh,
with fever (over 101°F), chills, and headache, o negafive malaria smear and in whom a specific diagnosis
was not made within the first 24 hours. The results of this study were reported in detail in the Annual
Progress Report, of the US Army Medical Research Team WRAIR (Vietnam), for the period ending 31
August 1966, The results of diagnostic studies on the 112 patients studied are summarized In table 38 for
the purpose of comparison with data obtained in later studies.

A second study was begun in September 1966. All patients admitted to the medical service of the
93rd Evacuation Hospital between 1 September 66 and 15 February 67 with an unknown or uncertain
diagnosis and a fever of 101" or higher on the morning following admission or a temperature elevation fo
102" or greater during the first full hospital day were admitted to the study. Patients with malaria were
admitied to the study If the diagnosis had not been confirmed by the morning following admission and if
they met the established fever criteria.

Acute serum was drawn on all patients admitted to the study but convalescent serum was not
obtained from those patients in whom a firm diagnosis was mec : ty other means except in selecied cases.

Eighty.six patients without firm diagnoses were lost to the study for administrative or operational
reasons. Twenty.five paired samples were lost through breakage, spollage, and other technical reasons,
Five patients were evacuated from the area before convalescent serum could be obtained. The remaining
56 were discharged from the hospital before a second serum sample could be drawn, The clinical condition
of the patients and the operational requirement for hospital beds prevented further delay in discharge and
operational conditions prevented return of the patients.

Results are summarized in Tables 39, 40, and 41. A diagnosis was made on 69% of patients.
Compared to the study done in April.August, dengue decreased markedly, chikungunya diseass was not seen
at all in the period September through February, and leptospirosis increased from 1% to 9% of cases.

The leptospirosis cases all occurred among troops in combat situations in IIl Corps area. Cases
tended to cluster in units, 4 cases came from a single company with onset only a few days apart. Scrub
typhus similiarly occurred in troops on jungle operations and the cases in this study were contracted in III
Corps.

FUO Study at the 8th Field Hospital. Sera were collected on 96 patients with clinical diagnosis of FUO at
the 8th Field Hospital in October and November 1966. Malaria cc.2s were not included in this study,
Serologic studies indicated that of the 96 casc- 13 were dengue, 1 chikungunya, | Japanese encephalitis,
10 Leptospirosis and 8 scrub typhus. The le .spirosis and scrub typhus cases again occurred among combat
troops on operations whereas the deng.  fections were contracted in or near Nha Trang.

Distribution of arboviruses in Vietnam. In addition to the studies reported obove, dengue was also
serologically diagnosed in patients at the 3rd and 17th Field Hospital. If all are combined, a serologic
diagnosis of dengue was made on 103 patients between March 1966 and February 1967. Cases occurred
through the year with the largest number of cases (28) occurring in May and June corresponding to the
peak incidence of hemorrhagic fever in Saigon.

Fourteen strains of dengue virus were isolated from acule phase sera. Of these, seven are
dengue.1, iwo are dengue.2, three are dengue.4 and two are not yet identified. Dengue.1 strains came from
cases originating in Saigon, Bien Hoa, Long Binh and Cu Chi. Dengue.2 sirains came from Saigon and Ton
San Nhut, and the dengue.4 strains came from Ton San Nhut and Bien Hoa. The unidentified strains came
from Nha Trang and Duc My.
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Chikungunya disease occurred in patients from Saigon, Long Binh, Bien Hoa and Tay Ninh. Only 13
cases were proven, and all occurred during the monsoon season (May-September).

Serologic confirmation of the diagnosis of Japanese encephalitis was obtained in 21 cases of acute
central nervous system infections in US personnel. Five cases occurred in Da Nang in August 66, 4 occurred
in Saigon or Ton San Nhut, 2 in Long Binh, 1 in Blen Hoa, 1 in Tay Ninh, 1 in Di An, 1 In Quang Duc
province, 1 in An Khe, and 3 in Qui Nhon. Japanese encephalitis was also confirmed in 5 Vietnamese
children in Quang Ngai where over 100 cases of encephalitls among Vietnamese children are reported
annvally,

Summary:

A fatal case of hemorrhagic fever in an American ch.id was studied by serologic methods,
fnfection due to dengue virus and a secondary type antibody response was found.

Studies on fevers of unknown origin occurring in U.S. military personnel in South Vietnam indicated
that dengue, leptospirosis, scrub typhus and chikungunya are significant causes of this syndrome. The relative
prevalence of these infections varies with the season and with operational factors affecting exposure under
combat conditions.

Dengue infections are common throughout 1ll Corps in South Vietnam. In 1966 three dengue
serotypes ware identified as efiologic agents of FUOs in U.S. military personnel.

Japanese encephalitis was shown fo cause centra! nervous system disease in widely separated
regions of South Vistnam,
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Objectives:

a. To determine the ecologic factors which affect the maintenance and dissemination of arboviruses
causing human disease in Thailand.
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