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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.
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(2) Positive chikungunya infection, if during the
course of clinical disease HI and/or CF antibodies
to chikungunya virus exhibit a fourfold or greater
increase in titre.

(3) Positive dengue and chikungunya infections,
if during the course of clinical disease HI and/or
CF antibodies to both dengue and chikungunya
viruses simultaneously show a fourfold or greater
increase in titre.

(4) Negative, if HI and CF antibodies to dengue
or chikungunya are not demonstrable throughout
the course of illness.

(5) Inconclusive, if both acute and convalescent
sera show some degree of antibody (HI titre
< 1: 1280, or CF titre < 1: 64) without demon-
stration of an increase.

Remarks

The following remarks are based on an analysis
of the results of HI and CF tests on sera from
haemorrhagic fever patients.

(1) Both HI and CF tests on paired sera are the
most rapid techniques available and are the most

commonly used in routine diagnosis; but diagnoses
are usually made in retrospect, after recovery of the
patients, and this is a serious disadvantage.

(2) Both HI and CF antibody titres to dengue
virus rise rapidly, attaining a peak in about five days
and tending to decline 25 days after the onset.

(3) In chikungunya infection the HI and CF
antibodies begin to rise after the fourth day of illness.
HI antibody attains its peak in about 10 days after
onset while CF antibody does so in about 14 days.
The decline of these antibodies remains to be
investigated, since only small numbers of late
specimens have been obtained for examination.

(4) In dengue infection the CF test shows fewer
cross-reactions and is more type-specific than the
HI test. This offers a distinct advantage over the
HI test in diagnostic serology.

(5) Regarding the " inconclusive " group, it still
needs to be clarified whether the antibody demon-
strated is due to overt infection or due to previous
inapparent infection. It is suggested that a study on
antibody responses following inapparent human
infection be undertaken.
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The Sensitized Erythrocyte Agglutination (SEA) Test in Diagnosis
of Haemorrhagic Fever *

K. A. LIM 1

Goose erythrocytes treated with dengue virus
antigen (sucrose-acetone extracted) at an optimum
pH of 6.6, when suspended in a buffer at pH 7.6,
are not agglutinated. In the presence of specific
antibody, however, the sensitized erythrocytes are
agglutinated. The amount of virus antigen to be
used in sensitization is determined by trial. Excess
treatment with antigen causes agglutination of
erythrocytes even at pH 7.6. Insufficient treatment
results in low antibody titres.

In the diagnosis of haemorrhagic fever, the
sensitized erythrocyte agglutination (SEA) test

* Many of the facts presented here have been published
by K. A. Lim & W. S. Pong in J. Immunol., 1964, 92, 638-
647. Originally issued as document IR/Haem.Fever/
Sem.1/WP/39.

1 Department of Bacteriology, University of Singapore,
Singapore.

compares favourably in sensitivity and specificity
with the complement-fixation and haemagglutina-
tion-inhibition tests. Antibody titres obtained by the
SEA test are usually higher than those obtained in
the haemagglutination-inhibition test. An antibody
rise to more than one type of dengue virus antigen
is common with all the three serological tests. Cross-
reaction with Japanese encephalitis virus antigen,
however, is less frequently obtained in the SEA test.
This test may therefore be of value in differentiating
infections caused by dengue viruses from those
caused by Japanese encephalitis virus, both of
which are endemic in Malaysia.
Mouse hyperimmune sera, when tested by the

SEA test antigens, are highly specific when compared
with the results obtained in complement-fixation and
haemagglutination-inhibition tests.
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