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be induced by the virus itself, or by the resultant
toxic products of viral infection, or by an immuno-
logical process. In favour of the last-mentioned are
the increase in the number of lymphocytes in the
bone marrow with circulating plasmacytoid atypical
lymphocytes, the detection of platelet agglutinin in
some cases and the megakaryocytic picture resemb-
ling that in idiopathic thrombocytopenic purpura and
St Louis encephalitis. In the recovery phase there
was overcompensating thrombocytopoiesis, as evi-
denced by megakaryocytic hyperplasia, with an

increased number of platelets at the periphery and
thrombocythaemia.

Arrest of maturation of the erythroid cells in the
prethrombocytopenic phase and megaloblastic meta-
plasia in the thrombocytopenic phase indicate a
disturbance in nucleic acid synthesis. This could be
due to a relative folic acid deficiency, induced by
overactive erythropoiesis, particularly if there was
pre-existing latent folic acid deficiency. Another
possibility is that the virus RNA itself acts as a
nucleic acid inhibitor in the erythroblasts.
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Immunological Response: Possible Role of Human Response
as an Etiological Factor *

W. M. HAMMON 1

Several hypotheses may be presented to explain
why viruses in the dengue group appear to produce
on the one hand a benign febrile disease called
dengue and on the other a very different and serious
haemorrhagic disease. One hypothesis is that there
are two kinds of dengue viruses. A second is that
host factors play the all-important role. This paper
deals with one aspect of the second hypothesis.

Immunological sensitization can explain many
types of pathology and could conceivably produce
the type of pathology and symptomatology observed
in haemorrhagic fever. This is the hypothesis. The
evidence presented for and against it will be of a
serological and epidemiological nature, and not
experimental.
The assumption is that one or several previous

dengue or closely related virus infections are pre-
requisite for sensitization for the haemorrhagic
disease, which may occur with the next exposure to a
dengue virus of still another antigenic type. Sabin 2
demonstrated that a type I or type 2 dengue infection
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will modify a following heterologous type infection
if the time interval is short enough, and also showed
that quite solid immunity is present for the homolo-
gous type. The fact that adult residents of endemic
areas have serum antibodies reacting in vitro to all
types of dengue viruses and many other group B
viruses and do not become ill during haemorrhagic
fever epidemics is evidence that following a number
of dengue virus infections essentially complete
immunity occurs. The hypothesis is that after several
infections, before complete immunity has occurred,
there is a critical period of sensitization. Foreigners
and short-term visitors are unlikely to be sensitized.

This hypothesis was proposed to explain why
haemorrhagic fever was observed only in native
Orientals in Manila, Bangkok and Singapore, yet
classical dengue was recognized at the same time
in short-term foreign residents. Why should two
different types of viruses carried by the same vector
select their hosts in such a discriminating manner?
Of course, other host factors needed equal con-
sideration but no strong case could be presented for
any. There seemed little support for any obvious
genetic factor, for the epidemics were new and
endemic dengue and the several races were not.
Dietary changes-excesses or deprivations-would
have to be newly introduced and occur almost
simultaneously in all epidemic areas and not in many
nearby areas where dengue virus was endemic but
not haemorrhagic fever. Sensitization might be new,
if recently increased transportation, particularly
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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 *
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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


