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Serological Studies of Dengue Haemorrhagic Fever *
SUCHINDA UDOMSAKDI & SCOTT B. HALSTEAD

This paper summarizes observations on the haem-
agglutination-inhibition (HI) and complement-fixa-
tion (CF) antibody response to dengue viruses in
children hospitalized in Thailand with haemorrhagic
fever (defined as an acute febrile disease characterized
by haemostatic abnormalities, hepatomegaly and,
less frequently, by shock and death). Acute and
convalescent sera were collected from patients
hospitalized in Bangkok and other towns between
1962 and 1964. The serological reagents and
techniques used were as described by Udomsakdi,
Nisalak & Halstead.' The overnight HI test was
employed using 4-8 haemagglutinating (HA) units.
All antigen and complement suspensions were diluted
by means of pipettes. Two units of CF antigen, two
exact units of complement, and three units of
haemolysin were used in the CF tests; antigen, serum
and saline controls were included in each test.

Antibody response following haemorrhagic fever in
Bangkok
The antibody response in patients surviving their

illness fell into two groups, depending upon the age
of the patient. The predominant antibody response
in children over the age of 1 year was characterized
by the prompt development of broadly reactive and
high-titred HI and CF antibody. For example,
in 33% of 46 paired sera that were tested against
dengue 1-4 antigens, the antibody titres were at
maximal levels before the 7th day after onset of the
illness (acute phase specimen). Of the same serum
pairs, 45 showed a fourfold or greater rise in antibody
titre or high fixed titres (> 1: 640) against all 4 HA
antigens; the remaining serum pair reacted with
3 HA antigens. In the CF test, 18 serum pairs
showed fourfold or greater rises in antibody titre or
high fixed titres (> 1: 32) with all 4 antigens;
20 sera reacted similarly with 3 antigens, 7 reacted
with 2 antigens and in only one serum was there a
monovalent CF antibody response.

Infants younger than 12 months hospitalized with
clinically diagnosed haemorrhagic fever showed a

* From the Virology Department, US Army-SEATO
Medical Research Laboratory, and the Department of
Microbiology, Faculty of Public Health, University of
Medical Sciences, Bangkok, Thailand. Originally issued as
document IR/Haem.Fever/Sem. I/WP/I 1.

1 See page 68.

quite different serological response. In 22 patients
only one acute phase serum had HI antibody detect-
able at a dilution of 1: 20 or higher. The HI titres
in sera obtained between the 15th and the 23rd day
after onset of fever were between 1:40 and 1:640.
On the other hand, only 2 of 21 children between
the ages of 1 and 2 years had no detectable HI anti-
body and 10 had HI titres of 1: 640 or higher (5 of
these were 1: 20 480 or greater) in acute phase sera.

Antibody response following haemorrhagic fever in
rural outbreaks

In 1962 and 1964, 20 and 15 paired sera were
obtained from children hospitalized with clinically
diagnosed haemorrhagic fever in the towns of
Rayong and Ubol, respectively. Most of the con-
valescent sera had monotypic CF antibody, in
contrast to the heterotypic response seen in the
equivalent stage convalescent sera from Bangkok
patients. Details on the course of the infection and
the severity of the disease in upcountry outbreaks
were scanty.

Development and longevity of dengue HI and CF
antibody in patients with clinical haemorrhagic fever

Serum samples were taken from 46 patients with
haemorrhagic fever at intervals up to 7 months after
the onset of the disease. The geometric mean titre
in 15 sera obtained on or before the 7th day of
illness was approximately 1: 5120; between the 8th
and 14th days the mean titres was 1: 48020 (29 sera),
and between the 15th and 30th days it was 1: 60 000
(31 sera). In the 3rd and 4th months after onset
the average titre fell to approximately 1: 1280
(21 sera) and 7 months after infection it was only
1 :480 (11 sera). The CF antibodies followed a
similar pattern, reaching modal titres between 15 and
30 days after infection and then declining to an
average of 1: 32 or lower 4 months after infection.

Serological criteria for recent dengue virus infection
in indigenes of Thailand

Since 30% to 40% of hospitalized dengue haemor-
rhagic fever patients have high HI and CF antibody
titres in the earliest acute and latest convalescent
phase sera, it was necessary to modify the usual
serological criteria for recent dengue infection.
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Linear studies of HI and CF antibody indicated that
high-titred antibody following dengue virus infection
(HI > 1: 640 and CF> 1: 32) is of short duration,
probably less than 3-4 months. Further, of 103 surgi-
cal patients studied through the 1962 haemorrhagic
fever season, only 4 had antibody levels within the
range cited. In this laboratory, high fixed HI
(> 1: 640) and CF (> 1: 32) antibody to one or
more dengue antigens in paired sera is accepted as evi-
dence of recent dengue virus infection in addition to
the usual criterion of a fourfold or greater rise in titre.

Comparison of dengue types I and 2 viruses with
TH-Sman and TH-36 strains as serological antigens
for the study of human sera

Antigenic differences between the dengue-like
viruses isolated in Thailand and the prototype dengue

viruses have been reported by Hammon & Sather.2
Comparisons of dengue I with TH-Sman and
dengue 2 with TH-36 were made by testing antigen
pairs simultaneously against convalescent human
sera obtained from rural haemorrhagic fever out-
breaks. These sera had shown a predominantly
monovalent CF response to type 1 (Ubol) or type 2
(Rayong) dengue viruses. When the CF titres were
arranged as an array or compared in correlation
tables, the differences in titre obtained between the
prototype dengue type 1 or type 2 and the corres-
ponding Thai virus (TH-Sman or TH-36) were not
significant. These results are evidence that TH-Sman
and TH-36 are strains of dengue 1 and dengue 2,
respectively.

' Hammon, W. M. & Sather, G. E. (1964) Amer. J. trop.
Med. Hyg., 13, 629-641.
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The Haemagglutination-Inhibition and Complement-Fixation Tests
in the Diagnosis of Haemorrhagic Fever *
PRAKORB TUCHINDA & SOMPOP AHANDRIK

With the recent advances that have been made in
the preparation of antigens and in test techniques,
and with the experience that has accumulated as a
result of extensive use in several laboratories, the
haemagglutination-inhibition (HI) and complement-
fixation (CF) tests have become very useful diagnostic
aids in haemorrhagic fever. For routine diagnostic
purposes these two tests have been used on paired
sera. The first specimen should be taken as soon as
the disease is suspected and the next specimen may
be taken on the fifth day or thereafter. Since dengue
viruses of types 1, 2, 3 and 4 and chikungunya virus
have been etiologically associated with Thai hae-
morrhagic fever on the basis of serological evidence
and numerous isolations from patients and mosqui-
tos, antigens made from these five viruses are used.
The antigens are prepared from infected suckling-
mouse brain as described by Clarke & Casals.1 The
HI test is performed in haemagglutination trays
according to the method of Clarke & Casals.1 The

* From the Virus Research Institute, Department of
Medical Sciences, Department of Public Health, Bangkok,
Thailand. Originally issued as document IR/Haem.Fever/
Sem.l/WP/4.

1 Clarke, D. H. & Casals, J. (1958) Amer. J. Med. Hyg.,
7, 561.

CF test is carried out by the depression tray method
as used in the Rockefeller Foundation Virus Labo-
ratories.2

Interpretation
When interpreting results it is necessary to con-

sider both the time of collection in respect of the
illness and the interval between specimens. In general,
a fourfold rise is considered significant. However,
if both specimens are collected after the fifth day
from onset one may expect a rather high antibody
titre without demonstration of a significant increase.
Any one of the following five diagnoses may be
made from the laboratory findings, according to the
criteria shown:

(1) Positive dengue infection, if during the course
of clinical disease HI and/or CF antibodies to dengue
viruses exhibit a fourfold or greater increase in titre,
or if both specimens are collected after the fifth day
from onset and show rather high antibody titre to
dengue viruses (i.e., HI titre > 1: 2560; CF titre
> 1: 64) without demonstration of a significant rise.

' Japan, National Institute of Health (1961) Technical
manual. Complement-fixation test using depression trays for
virus identification and serological diagnosis of virus diseases,
Tokyo.


