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neutralizing antibody and none of 18, positive by
haemagglutination-inhibition for dengue andJapanese
encephalitis, had yellow-fever neutralizing antibody.

In Malaysia, where several closely related arbo-
virus group B agents are active, it is difficult to con-
clude on the basis of serological evidence alone that
any one virus of the group is present in an area.
Nevertheless, careful and critical interpretation of
serological results may provide valuable clues and
good presumptive evidence. The analysis of the
limited serological data available so far suggests
very strongly that strains of dengue virus were
infecting monkeys in forest areas away from normal
human activity and in the absence of Aedes aegypti
mosquitos.
Of the potential forest vectors of dengue, Aedes

albopictus is the most likely candidate. It is a known
efficient experimental vector, is abundant in most
areas surveyed, and is active in the forest canopy as
well as at ground level. Other suspect forest vectors
might include species of Armigeres, Heizmannia, and
Aedes (Stegomyia), but many of these occur in
relatively small numbers and are spotty in their
distribution.
One of the most striking features observed in this

study, as well as in previous surveys made in the
Philippines, Thailand, and Singapore, was the con-
trasting distributions of A. aegypti and A. albopictus
and their relationship to the distributions of dengue
and haemorrhagic fevers. If it is accepted that
dengue originated in South-East Asia and A. aegypti
in Africa, then the native A. albopictus has had a
longer-standing association with dengue than A.
aegypti and may be the primary vector. A. albo-
pictus occurs in areas away from man as well as
in urban centres, and undoubtedly, has primary
or preferred hosts other than man in its active forest
habitats, while the recently introduced A. aegypti is

found only in association with man. The apparent
detection of dengue neutralizing antibody in high
titre in monkeys in isolated forest areas and its
apparent presence in man in areas free from
A. aegypti, together with the distribution pattern of
A. albopictus, suggest that dengue also has vertebrate
hosts other than man. Introduced into the A. albo-
pictus environment, man may be an aberrant host
for the virus. Evidence suggests that the native
A. albopictus-transmitted dengue is a mild, often
unrecognized disease, while dengue transmitted by
the introduced A. aegypti is a more serious illness
which may appear in epidemic form. This apparent
difference may represent a modification in virus
strains due to a change from a native to an intro-
duced invertebrate host.

A. aegypti is continuing its spread in South-East
Asia, along with the postwar growth of cities and
towns, as evidenced by its progressive replacement
of the competing native A. albopictus. In urban
Bangkok, A. aegypti has almost completely replaced
A. albopictus. The mosquito-borne haemorrhagic
fever syndrome may possibly result from further
virus modification associated with the progressive
replacement of A. albopictus by A. aegypti in urban
areas of South-East Asia. This thesis would help
explain the apparent absence of haemorrhagic fever
cases in resident European and American children
who usually live in areas where their exposure to
A. aegypti is less than to A. albopictus. The dis-
placement of A. albopictus may leave the human
population virtually unprotected against the
A. aegypti strains of dengue, where the former had
been supplying immunizing doses with the original
mild strains. Haemorrhagic fever incidence in
Bangkok, Manila, Singapore, and Penang appears
to be directly related to the A. aegypti-A. albopictus
population balance in those cities.
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Occurrence of Haemorrhagic Fever in Thailand, 1958-64 *
SUJARTI JATANASEN 1

The first big outbreak of haemorrhagic fever in
Thailand occurred in Bangkok in 1958. The numbers
of cases admitted to hospital in Bangkok and
Thonburi during the six years 1958-63 were 2418,

* Originally issued as document IT/Haem.Fever/Sem. 1/
WP/l.

1 Communicable Disease Control Division, Department
of Health, Ministry of Public Health, Bangkok, Thailand.

124, 1742, 481, 4185 and 1657, respectively-a
pattern showing a higher incidence of the disease
in alternate years. During the first seven months of
1964, 3936 cases were admitted to hospital.
Analysis of data concerning the hospitalized cases

in Bangkok and Thonburi has shown that in 1958
the over-all case-fatality rate was 10%, the rate in
different age-groups varying from 3.3% to 14%.
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In subsequent years the over-all case-fatality rate
was lower, being 3.4%, 4.7%, 5.1% and 8.6% in
1960, 1961, 1962 and 1963, respectively.
The rate of hospitalization was not highest in the

same district each year; the highest rates were always
observed among people in the lower-income groups
living in overcrowded houses.
The disease was most prevalent in persons under

13 years of age, but since 1962 the number of cases
occurring in persons over 13 years of age has
increased. No significant difference in morbidity
was observed between the sexes, but, except in 1962,
the case-fatality rate in males was higher than that
in females. The difference between the numbers of
cases occurring among Chinese and Thai residents
depended on the relative proportion of these two
ethnic groups in the population.

The epidemics usually broke out in the rainy
season, particularly in May and June.

Hospitalized cases were also reported from outside
Bangkok and Thonburi. In 1958-59, cases were
reported from provincial hospitals only in the pro-
vinces adjacent to Bangkok. In 1960, however, the
disease spread to the northern part of the central
plain and, in 1962, it reached 40 provinces, 10 of
which reported over 100 cases each. Most of the
cases admitted to provincial hospitals came from
large towns or the market-places of small towns
situated on or near highways, railways or waterways.

Since 1960, cases of the disease have occurred
throughout the year and the number of cases in the
years of expected lower frequency has markedly
increased. Every year the disease extends over a
wider area.
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Epidemiological Studies of Thai Haemorrhagic Fever, 1962-64 *
SCOTT B. HALSTEAD

Linear studies of the ecology of mosquito-borne
haemorrhagic fever in Thailand were conducted in
1962-63 by the Departments of Virology and
Entomology, US Army-SEATO Medical Research
Laboratory and the Department of Microbiology of
the Faculty of Public Health, Bangkok. The studies
were in four parts.

(1) Bangkok area study

Nineteen areas within Changwat Phranakorn
consisting of approximately 400 dwelling units each
and totalling 42 108 persons were randomly selected
for study. Areas were visited every six to eight weeks
to inquire for haemorrhagic fever cases. The date of
onset, symptoms and diagnosing facility were
recorded. Between January and May 1962, blood
specimens were collected from at least 10% of the
occupants of randomly selected households. In
November and December, 1888 persons were re-bled.
Serial twofold dilutions of pre- and post-season sera
were tested by the haemagglutination-inhibition test
(HI) against dengue 1 and chikungunya antigens at
an initial serum dilution of 1: 20.

* In collaboration with the staff of the Virology Depart-
ment, US Army-SEATO Medical Research Laboratory, and
the Department of Microbiology, Faculty of Public Health,
University of Medical Sciences, Bangkok, Thailand. Origin-
ally issued as document IR/Haem.Fever/Sem.l/WP/22.

(2) Children's Hospital study
Paired sera, throat and rectal swabs were obtained

for virological study three times weekly from resi-
dents of Bangkok in the following categories: out-
patients with fever of 38°C or higher; in-patients
with fever of 38°C or higher with any diagnosis
except haemorrhagic fever; surgical patients; and
in-patients with haemorrhagic fever. All patients
were studied within 24 hours of admission.

(3) Hospital data collection
The name, age, sex, ethnic group and address of

all patients with a discharge diagnosis of haemor-
rhagic fever were obtained from each of 22 hospitals
in the Bangkok-Thonburi metropolitan area. Once
a year every hospital with more than 12 beds outside
Bangkok was requested to submnit similar data.

(4) Disease in Caucasians
Paired sera and case records were obtained from

the American medical unit in Bangkok, from US
Peace Corps volunteers, and from military personnel,
US or other, stationed in Thailand.

Haemorrhagic fever in Thailand has occurred in
both cities and villages. Outbreaks in smaller urban
areas follow the onset of disease in Bangkok.
Epidemic dissemination of dengue and chikungunya


