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Evaluation of Suckling Mice and Tissue Culture for Recovery of Viruses
from Haemorrhagic Fever Patients in Thailand *
ANANDA NISALAK, PRICHA SINGHARAJ & SCOTT B. HALSTEAD

This paper reports on a comparative study of
mammalian cells and suckling mice for the recovery
of dengue strains from naturally infected human
beings in Thailand. Dengue virus was assayed in
tissue culture by an interference technique 1 and was
isolated from suckling mice by technique B described
in the paper by Singharaj, Simasathian & Halstead.2
All the systems compared were inoculated simul-
taneously.
Three continuous cell lines and primary hamster

kidney cells were tested for the recovery of dengue
virus from plasma specimens from which dengue
viruses had been recovered previously in suckling
mice (" known positive "). Twenty-four sera were
inoculated simultaneously into tubes containing
BS-C-1 (continuous African green monkey kidney),
LLC-MK2 (continuous Rhesus monkey kidney),
PS (continuous porcine kidney) and HKC (primary
hamster kidney) cells. Dengue viruses were recovered
from 16, 13, 4 and 2 of the sera, respectively,
and the BS-C-1 cells were selected for further
studies.

It was necessary to establish whether interference
would prevent the serial transfer of dengue virus in
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Microbiology, Faculty of Public Health, University of
Medical Sciences, Bangkok, Thailand. Originally issued as
document IR/Haem.Fever/Sem.1/WP/8.
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'See page 66.

an homologous cell system. It was observed that
(a) when acute phase sera were serially passaged in
BS-C-l cells without dilution, and at 1 :10 and
1 :100 dilutions, the highest recovery rates were in
the lowest dilution lines; and (b) dengue strains could
be carried to the 10th or higher BS-C-1 passage
without loss due to interference effect. These
observations suggested that interferon or other
interfering mechanisms responsible for challenge
virus resistance in dengue-infected cells would not
interfere with the usual laboratory manipulation of
dengue viruses in cell cultures.
When 46 "known positive " plasma specimens

were inoculated simultaneously into BS-C-l cells and
suckling mice, virus was recovered from 36 specimens
in the BS-C-1 cells and from 41 in the mice. This
difference was not significant by the X2 test. In
mice, virus was recovered from 2 specimens at the
first passage, from 20 at the second passage and from
19 at the third passage. In tissue culture the virus
was recognized in 23 cases at the first passage,
in 10 at the second passage, in 2 at the third passage
and in 1 at the fifth passage. The virus recovery
rates were approximately equal in tissue culture and
mice for dengue types 1 and 2 viruses, but were
slightly higher in mice for dengue type 3 virus.
Other studies of tissue cultures and mice as hosts for
the recovery of human strains of dengue virus have
shown that up to 15% additional virus strains may
be recovered if both host systems are used for virus
recovery attempts.
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Recovery of Dengue and Other Viruses in Mice and Tissue Culture
from Thai Mosquitos *
PRICHA SINGHARAJ, PHINIT SIMASATHIEN, PAIRATANA SUKHAVACHANA,
SCOTT B. HALSTEAD & JOHN E. SCANLON

This study is an extension of studies carried out
by Hammon and co-workers, 1, 2 who recovered

dengue viruses from Aedes aegypti and one strain
each of chikungunya and Eastern encephalitis viruses

* From the Virology and Entomology Departments,
US Army-SEATO Medical Research Laboratory, and the
Department of Microbiology, Faculty of Public Health,
University of Medical Sciences, Bangkok, Thailand. Origi-
nally issued as document IR/Haem.Fever/Sem.l/WP/21.

1 Hammon, W. M., Rudnick, A. & Sather, G. E. (1960)
Science, 131, 1102-1103.

' Rudnick, A. & Hammon, W. M. (1962) In: Symposium
on Haemorrhagic Fever 1961, Bangkok, pp. 24-26 (SEATO
Medical Research Monograph No. 2).



68 SUMMARIES OF PAPERS

from Culex quinquefasciatus (= Culex pipiens
fatigans) captured in Thailand in 1958. In 1962
and 1963, members of the Entomology Department
of the US Army-SEATO Medical Research Labora-
tory collected mosquitos from a variety of areas in
Bangkok (5 sites in 1962 and 2 sites in 1963). The
collections included both resting and biting mosqui-
tos, as well as light-trap collections. Living females
were held for 24 hours, identified, and frozen at
-65°C. Pools of approximately 50 A. aegypti and
100 C. quinquefasciatus were ground in a mortar and
suspended in phosphate buffered saline containing
bovine albumin (0.75 %) and antibiotics, 0.04 ml for
each mosquito. The supematant obtained by cen-
trifugation at 10 000 rev/min for 30 minutes was
inoculated intracerebrally and intraperitoneally into
suckling mice. Specimens were routinely blind
passaged. To guard against and to monitor cross-
contamination of viruses, control mice were inocu-
lated with the diluent used for preparing the mosquito
suspensions and were blind passaged along with the
other specimens. The diluent was dispensed in small
bottles and used only once, the pipettes and syringes
were individually wrapped and no prototype viruses
were handled in the isolation laboratory. No dengue
virus was recovered in over 150 control passages, but
chikungunya virus was isolated at the second passage
on two occasions; no virus was recovered, however,
on reisolation of the original specimens.

In 1962, 92 911 mosquitos of 9 species were
processed in mice. In all, 33 agents lethal to mice

were recovered, 28 from 150 pools of 8631 A. aegypti
and 5 from 753 pools of 79 453 C. quinquefasciatus.
Of the former, 20 were dengue viruses, 7 chikungunya
viruses and one was an unidentified virus; of the
latter, one was identified as a chikungunya virus,
3 were similar ether-sensitive, filterable agents that
produced a high-titred cytopathic effect in hamster
kidney cells and death in mice in 2 days, and the
remaining agent was unidentified.

In 1963, 47 139 mosquitos of 5 species were tested;
4 dengue viruses were isolated in BS-C-1 cells or
mice from 3981 A. aegypti, but no arboviruses were
recovered from 42 897 C. quinquefasciatus.

These data suggest that A. aegypti is the important
urban vector in the transmission of chikungunya and
dengue viruses. The low recoveries of chikungunya
virus from C. quinquefasciatus are consistent with the
laboratory studies of Ramachandra Rao 3 and Shah
et al.4 in which virus survival and transmission could
not be demonstrated in this species. The same
authors demonstrated the propagation and trans-
mission of chikungunya virus by A. aegypti. It is
possible that chikungunya virus may survive long
enough in C. quinquefasciatus to be transferred to
humans mechanically. This hypothesis deserves
further inquiry.

' Ramachandra Rao, T. (1964) Indian J. med. Res., 52,
719-726.

' Shah, K. V., Gilotra, S. K., Gibbs, C. J., Jr & Roze-
boom, L. E. (1964) Indian J. med. Res., 52, 703-709.
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Identification of Dengue and Chikungunya Viruses *
SUCHINDA UDOMSAKDI, ANANDA NISALAK & SCOTT B. HALSTEAD

During 1962-63 nearly 200 dengue and 30 chi-
kungunya viruses were recovered from human and
arthropod materials in Thailand by passage in
suckling mice and/or tissue culture. These materials
provide the basis for the reported experience in the
identification of low host-passage arboviruses.

Little difficulty was encountered in identifying
chikungunya strains passaged in suckling mice or
tissue cultures. Provided that 10-3 or greater dilu-
tions were used to prepare low mouse-passage seed
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viruses (to avoid auto-interference effect), high
titred preparations, suitable for use in complement-
fixation (CF) or neutralization tests with known
chikungunya antisera, were regularly obtained.
High-titred virus without auto-interference effect
could also be prepared in primary hamster kidney
or stable grivet monkey kidney (BS-C-1) cell cultures.
Owing to the difficulty of obtaining high-titred

virus seeds and the frequency and magnitude of
antigenic overlap between dengue virus types, the
identification of dengue viruses was a serious prob-
lem. Antigen-antibody reactions giving clear-cut
separations of viruses of low host-passage were
sought. The dengue prototypes used were those


