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potent reagents by all types of tests, can be readily
differentiated from each other. However, new
isolates when compared with the prototypes in like
manner, rarely appear to be identical with any
prototype and many can readily be found to be
quite different and can be classified only as " most
nearly like " one of the other types. In fact, several
in our hands and in those of others have been
extremely difficult or impossible to classify. We have
proposed TH-36 and TH-Sman from Bangkok
haemorrhagic fever patients as possible prototypes
for types 5 and 6, though they resemble types 2 and 1,
respectively, yet can be sharply differentiated from
the latter by certain human sera. This is a most
unsatisfactory state of classification, with which our
laboratory, at least, is most dissatisfied.
Some assistance can be obtained by preparing

both antigens and antisera by the more specific
methods. However, if the titre of either reagent is
reduced, or the sensitivity of the test decreased, the
result may simply demonstrate the principal antigen
and not reveal the unique pattern of minor antigens.
This makes it simpler to force every agent into one
of the types 1-4, but it can fail to demonstrate
important differences which might be the means of
differentiating between closely related viruses-one,
say, producing classical dengue and another pro-
ducing haemorrhagic fever.
We find that human convalescent dengue or

haemorrhagic fever sera from persons with no

previous group B experience (group B " virgins ") are
far more type-discriminating than any sera of
equally high homologous titre we have been able to
produce in any animal, including the monkey.
Unfortunately, such sera are only occasionally
available and we dare not attempt to produce them
in volunteers with isolates from haemorrhagic fever
patients.
With respect to antigens, we have some suggestive

evidence that the benzene-extracted complement-
fixing antigens we formerly used routinely are more
discriminating than those prepared by the sucrose-
acetone method.

Vaccination cross-challenge, a method highly
specific for differentiating many group B viruses,
unfortunately does not assist in typing the dengues;
in fact this cross-resistance is used as a grouping
technique.

Fluorescent antibody techniques, as used by us and
others, do not give promise of solving the problem,
although, when quantitatively applied with serial
serum dilutions, they may assist slightly in typing.

Thus, we conclude that dengue typing is still
relatively primitive and merits much additional
study. Meanwhile, forcing all isolates into four
types or complexes may serve some useful purpose,
but on the other hand may be extremely misleading
unless it is recognized by all that a wide antigenic
spectrum exists that is not adequately represented by
the four accepted prototypes.
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Rapid Typing of Dengue Viruses
by the Microprecipitin Agar-Gel Diffusion Technique*

Y. C. CHAN 1

The agar-gel for use in the virus-typing technique
described here consisted of a 1% lonagar No. 2
(Oxoid) in 0.05M sodium-chloride/0.05M sodium-
borate at pH 9. Perspex templates placed on agar-
coated slides were used to contain the antigens and

* The work reported was supported by a grant received
from the Rockefeller Foundation. A full version of this
paper has been published in Nature (Lond.), 1965, 206, 116.
Originally issued as document IR/Haem.Fever/Sem.l/
WP/40.
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antisera. The virus antigens were 200 suckling-
mouse brain suspensions in borate buffer, pH 9,
containing 0.75% bovine albumin, and centrifuged
at 2500 rev/min for 20 minutes. Hyperimmune
mouse sera were prepared by 4-5 intraperitoneal
inoculations of suckling-mouse brain virus sus-
pensions. Sera were heated at 56°C for 30 minutes
before use. In one template, a dengue virus antigen
was tested against antisera to the four types of
dengue viruses, Japanese encephalitis virus, and
normal mouse brain. The antigen was placed in the
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central well and the sera in the peripheral wells.
The slides were incubated at room temperature for
reactions to occur.
A homotypic precipitin reaction was obtained

with each of the four dengue prototype viruses, and
the results could be reproduced with different
batches of antigens and antisera. There was no
cross-reaction with Japanese encephalitis virus. No
non-specific reaction was obtained with normal
mouse serum, and normal mouse brain antigen did
not react with virus-specific antisera.

Forty-one strains of viruses isolated from human
blood were tested by this technique. Some of these
viruses have been previously identified as of the

dengue type by the complement-fixation, neutraliza-
tion, or sensitized erythrocyte agglutination tests.
Twenty-nine strains (70%) were successfully typed
by the microprecipitin technique, but in the remain-
ing 12 strains no precipitin reaction was observed.
The microprecipitin typing was in complete agree-
ment with the original identification. Dengue virus
at the second passage level in mice was found to give
a precipitin reaction.
The microprecipitin technique offers a useful

screening procedure for the typing of dengue
viruses, especially in countries where dengue viruses
associated with haemorrhagic fever are isolated in
large numbers.
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Tissue Culture Techniques for the Study of Dengue Viruses *
PAIRATANA SUKHAVACHANA, ANANDA NISALAK & SCOTT B. HALSTEAD

Two tissue-culture systems for the assay, isolation,
identification and growth of dengue viruses have
been studied: (1) challenge-virus resistance (CVR)
and (2) dengue virus plaque technique.

Challenge-virus resistance

This technique uses as end-point the resistance to
viral cytopathic effect (CPE) that develops in dengue-
infected mammalian cells in fluid overlay cultures.
As little as 1 suckling-mouse intracerebral LD50
dose of dengue virus will protect stable grivet kidney
cells (BS-C-1) from CPE due to 100 TCD,0 of
poliovirus 1. Stable monkey kidney cells were more
sensitive for the assay of dengue strains of diverse
host passage than other selected human, rodent or
porcine cell lines examined. Details of the use of
the CVR technique for dengue virus assay, neu-
tralization tests and recovery of dengue viruses have
already been published." 2

Dengue virus plaque technique
The following conditions have been found to

result in sharply demarcated plaques, 2-4 mm in
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diameter, with dengue virus types 1-4 and strains
of diverse host passage in a stable rhesus kidney cell
line, LLC-MK2. The viruses are diluted in M-199
with 10% calf serum, pH 8.0; the cell sheets are
washed with Hanks' balanced salt solution (BSS),
pH 8.0, without phenol red. After inoculation of
virus on the cell sheets, the bottles are rocked for two
hours in the dark at 37°C. The cell sheet is washed
twice with Hanks' BSS, and is then overlaid with the
first agar overlay, which contains 1.0% Difco Noble
agar, lx Eagle's basal medium and 10% calf serum,
pH 8.0. The bottles are incubated in an inverted
position at 37°C. On the 7th day a second agar
overlay, containing neutral red (final concentration
1: 10 000) and lx Eagle's basal medium without
calf serum or sodium bicarbonate, is added. The
plaques are counted on the 8th day. Additional
incubation at 200C for 1-3 days may increase plaque
size and sharpness. The maintenance of a high pH
during the virus adsorption and virus growth phase,
the use of at least 5% serum and the addition of
neutral red 5 or more days after inoculation of virus
were found to be critical in obtaining maximum
plaque counts. Factors that did not influence
plaque size or counts were adding DEAE-dextran to
the first overlay and changing the ratio of Ca+ +
and Mg+ + ions in Hanks' BSS. The number of
infectious centres counted in assays of high mouse-
passage dengue virus lots were frequently 90% lower
than the titres of the same virus seeds obtained by
intracerebral inoculation of suckling mice or assay


