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between major cities, had introduced additional
types of dengue virus.

I have now given most of the evidence in support
of this hypothesis available to me at present. I am
certain that others have still additional information
to support it. Against it are five possible arguments.
(1) In any community where new dengue types are
imported and few existed previously, adults would
have had maximum previous exposure and should
arrive at a state of sensitization before children, yet
in most countries haemorrhagic fever has been
exclusively a children's disease. This cannot be
explained by age susceptibility to sensitization per se,
since many adults developed haemorrhagic fever in
Calcutta in 1963. (2) If sensitization were essential,
all cases of haemorrhagic fever should show charac-
teristics of secondary or booster antibody responses.
Most do, but not all. (3) Foreigners of European
descent probably do not have the same degree of
exposure to the total spectrum of viruses as the native
population for they usually reside in a different
environment, do not permit Aedes aegypti to breed
in and around their homes, screen their homes, and
protect against day-time biting while at work.

(4) Probably the majority of dengue viruses trans-
mitted during a haemorrhagic fever epidemic are
those long present and produce classical dengue.
When these infect native children, the only sus-
ceptibles, they do not produce a recognizable clinical
syndrome but simply a fever of unknown origin and
therefore are not recognized as highly prevalent.
In adult foreigners infected with these more prevalent
agents, dengue is diagnosed. On the other hand, the
recently introduced or recently mutated virulent viral
population is a minority population. Foreigners,
because of their reduced exposure, have thus far
escaped diagnosed infection. Thus, the apparent
racial discrimination may be a phenomenon due to
probabilities. (5) This disease shows movement by
way of main transportation routes, suggesting that
these new viruses are being transported from one
city to another.

Thus, I conclude at present that the sensitization
hypothesis, though requiring serious consideration, is
probably not the answer. I think that viruses differ.
If so, the highly pathogenic virus or viruses will
probably continue to move unless national and
international controls are established.
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Inquiry into Hereditary Factors in the Pathogenesis of Dengue
Haemorrhagic Fever: A Preliminary Note *
SCOTT B. HALSTEAD, PAIROJ THIRAYODHIN & RAY A. OLSSON

Dengue haemorrhagic fever is a syndrome epi-
demiologically and virologically related to dengue
viruses of several antigenic types and characterized
by non-icteric hepatitis, cardiovascular collapse,
bleeding phenomena, interstitial pneumonitis and
serous effusions with a case-fatality rate of 5 %-IO %.
This disease is obviously at variance with classical
dengue fever, an illness characterized by fever,
arthralgia, leucopenia, generalized lymphadenopathy
and biphasic rashes, but rarely fatal. During seven
years' observation in Thailand we have seen only
indigenous Asians to have acquired dengue hae-
morrhagic fever while non-indigenous Europeans and
Americans exposed to similar viruses have developed
classical dengue fever. These observations have led to
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the hypothesis that host factors influence the course
of dengue infection. Such factors might be acquired
(immunological or dietary status) or inherited.

This study considers the hypothesis that Asian
populations are non-homogeneous with respect to a
trait governing susceptibility to dengue haemorrha-
gic fever. The frequency of genetically controlled
human characters in patients with virologically
confirmed dengue haemorrhagic fever is compared
with controls who have had only mild illnesses with
dengue infection. A statistically significant difference
in the prevalence of inherited markers in the two
groups might suggest the existence of other factors
which control the pathogenesis and course of dengue
infection. The absence of detectable differences in
the two groups would neither confirm nor disprove
the hypothesis.
Red blood cell and plasma specimens were

obtained from 221 patients hospitalized with the
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diagnosis of haemorrhgic fever and from 265 well
children, surgical patients or patients with miscella-
neous febrile illnesses seen at the Out-patient De-
partment, Children's Hospital and maternal and
child health centres in Bangkok. The age, ethnic
and sex composition of the two compared groups
were nearly identical. Specimens were tested for
blood groups A, B, 0, AB, M, N, MN, and Rh
phenotypes C, D, E, c, e, qualitative glucose-6-
phosphate dehydrogenase deficiency and haemo-
globin type. Plasmas will be tested for haptoglobin

and transferrin type and Gm and Gc proteins. Analy-
sis of the plasmas and Rh system is not complete at
the time of writing. No difference was noted in the
frequency of G-6-PD deficiency or haemoglobin
type between the two groups. There were slight
maldistributions in A, B, MN and blood group anti-
gens in haemorrhagic fever patients (A = 19.2 %,
B = 38.5%, MN = 60.8%, M = 29.0%) as com-
pared with controls (A - 26.2 %, B = 31.7 %,
MN = 66.9 %, M = 18.5 %). These differences were
not significant by the X2 test. Studies are continuing.
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Attempts at Virus Recovery from Patients Dying of Thai
Haemorrhagic Fever *
PRICHA SINGHARAJ, ANANDA NISALAK & SCOTT B. HALSTEAD

The fatality rate among hospitalized cases in
outbreaks of Thai haemorrhagic fever usually
varies between 5% and 10%. Patients who survive
severe disease almost invariably present serological
evidence of recent dengue infection. On the other
hand, patients who have clinical haemorrhagic fever
and do not survive do not always show serological
evidence of dengue infection. This study reports on
attempts to isolate dengue virus from blood speci-
mens and organs obtained from 102 fatal cases of
haemorrhagic fever occurring in 1962-64. The age
and sex distributions of these cases were represen-
tative of the age and sex distribution of hospitalized
cases and deaths due to haemorrhagic fever in
Bangkok and Thonburi for the years studied.

In 1962-63, samples of venous blood obtained
before death or of heart blood obtained immediately
after death were collected from 46 children who died
of haemorrhagic fever between the 1st and the 7th
day after onset of the fever; 37 of these specimens
were obtained 3-5 days after onset of the illness.
Samples of sera or plasma were inoculated into
suckling mice as described by Singharaj, Simasa-
thien & Halstead.' Dengue viruses were recovered
from two specimens, collected on the 1st and on
the 3rd day of illness, respectively. The virus isolated
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1 See page 66.

from the former was tentatively identified as dengue
type 1 and that from the latter as dengue type 2.
In 1964, 12 specimens of heart blood were tested
at 1: 4, 1: 10, 1: 100 and 1: 1000 dilutions in mice
and in BS-C-l cells. A dengue type 2 virus was
recovered from one specimen ac a serum dilution
of 1 :10.
Autopsy specimens were obtained from patients

expiring in Bangkok or Thonburi hospitals. In most
instances the bodies were moved to a refrigerator
immediately after death. In 46 autopsy specimens
studied in 1962-63, the interval between death and
autopsy varied between 6 and 72 hours; in 38 of
these cases the autopsies were performed within
24 hours of death. Tissues from patients were trans-
ferred to the laboratory on wet ice, were quick-
frozen and were then stored at -70°C. Each organ
was weighed, ground with Alundum, diluted to a
10% suspension with phosphate buffered saline
containing bovine albumin (0.75%) and antibiotics,
centrifuged and inoculated into mice. Suspensions
of materials from 10 autopsies carried out in 1964
were diluted 1: 5, 1: 10, 1: 100 and 1: 1000 and
inoculated simultaneously into suckling mice and
BS-C-1 cells. The organs concerned were mainly
the major viscera. No dengue viruses were isolated
from 248 specimens tested in mice or tissue culture
between 1962 and 1964. Agents that were pathogenic
for suckling mice were recovered from the heart
tissue of a 3-year-old Thai boy who died on the
3rd day of illness and from the lung tissue of a
5-year-old Chinese girl who died on the 5th day of


