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Isolation of West Nile virus from the brains of children
who had died of encephalitis

SAMUEL GEORGE,' M. GOURIE-DEVI,2 J. A. RAO,3 S. R. PRASAD,4 & K. M. PAVRIS

The isolation of West Nile virus from the brain tissue of three children who died of
encephalitis in Mysore andKolar districts ofKarnataka State, India, is reported. This is the
first such reportfrom India. The significance ofthese isolations with reference to the role of
West Nile virus in encephalitis in children in southern India is discussed.

West Nile virus, a member of the flavivirus group,
was first isolated in 1937 in Uganda from the blood of
a febrile patient, by Smithburn et al. (1). It was later
isolated from the blood of three patients in Egypt by
Melnick et al. (2), and in Israel a number of workers
isolated the virus separately (3, 4). In 1953 Work et al.
(5, 6) isolated the virus from hooded crows and rock
pigeons living in the Nile delta and showed that these
wild birds are a potential reservoir of the virus. Culex
molestus mosquitos were shown to be vectors of the
virus in Israel (7). West Nile virus is very widely dis-
tributed throughout India and has been isolated from
several species of mosquito (8-10), bats (11), and
man (12).
The virus has generally been associated with a

dengue-like illness in man. In Egypt, the disease is
endemic, essentially presenting as a mild childhood
illness; the adult population exhibits a high degree of
immunity (13). The disease has an epidemic character
in Israel and several widespread outbreaks of West
Nile fever have been reported (14). Antibodies to
West Nile virus are widely distributed throughout
India, but only three cases of overt illness due to the
virus have so far been reported (12, 15). Typically,
the disease is characterized by high fever, head-
ache, lymphadenopathy and maculopapular rash.
Although it has generally been assumed that West
Nile virus has a very low affinity for the central
nervous system, there have been a few reports from
Israel suggesting that it can occasionally cause
encephalitis. In this report, we describe the isolation
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of West Nile virus from the brain tissue of three
children who died of suspected viral encephalitis.

MATERIALS AND METHODS

Brain tissues were obtained from three patients
who had died of encephalitis, by post-mortem biopsy
through the cribriform plate using a Vim-Silverman
needle (16). The brain tissues thus obtained were
placed in transport medium and transferred to the
laboratory on wet ice.
The first specimen (case 1) was obtained from a 14-

year-old boy admitted to the National Institute of
Mental Health and Neurosciences, Bangalore on 25
March 1980 with a clinical diagnosis of encephalitis.
He died on 27 March 1980. The boy was a native of
Budithitoo village in Mysore district of Karnataka
State.
The second specimen (case 2) was obtained from a

6-year-old boy from Malur taluk in Kolar district of
Karnataka State. He was admitted to the Sri
Narasimha Raja (SNR) Hospital, Kolar, on 28
November 1981 with a clinical, diagnosis of
encephalitis; he died on 30 November 1981.
The third specimen (case 3) was obtained from a 4-

year-old girl from Kolar taluk in Kolar district. She
was admitted to the SNR Hospital, Kolar on 8
December 1981 with a clinical diagnosis of
encephalitis; she died on 9 December 1981.

Virus isolation and identification

Virus isolation was carried out at the National
Institute of Virology, using routine procedures. In
brief, a 10%o suspension of brain tissue and tenfold
dilutions of this suspension in 0.75%o bovine-albumin
phosphate-buffered saline were inoculated intra-
cerebrally and subcutaneously into infant mice and
intracerebrally into young adult mice. The inoculated
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mice were observed for 20 days. The brains of sick
mice were harvested and serial brain-to-brain
passages were made in mice.
The mouse pathogenic agents were identified by

means of the quick complement fixation test (17) and
neutralization test (18), using standard procedures.
The identity of the isolates was also established by

means of the single radial haemolysis (SRH) test (19).
In this test, chick erythrocytes were sensitized with
crude antigen of the isolates prepared as 10% infected
mouse brain suspension in borate saline, pH 9.0. The
sensitized erythrocytes were incorporated in agarose
along with guinea pig complement and poured on to a
Hyland Immunoplate.a Aliquots of 0.005 ml of
immune sera against Japanese encephalitis, West
Nile, and dengue type 2 viruses were put in 2-mm
diameter wells in the agarose and incubated in a
humid box overnight. Haemolytic zones developed
around the wells containing specific antisera. These
were measured with the aid of a micrometer eyepiece
calibrated in 0.1-mm divisions.

RESULTS

Both infant and adult mice inoculated with the
brain suspensions exhibited illness between the 4th
and 14th postinoculation days. By the 3rd or 4th
passage, the incubation period in infant mice injected
intracerebrally was 3 days, and in adult mice 6-7 days.
All three isolates killed adult mice inoculated by the
intraperitoneal route. Reisolation was successful for

a Diagnostic Clinical Travenol Laboratories, Costa Mesa, CA,
USA.

cases 1 and 3 after storage of the original suspensions
at -50 °C for 2 and 12 days respectively. No
reisolation attempt was made for case 2.

All the three isolates were identified as strains of
West Nile virus by the quick complement fixation and
single radial haemolysis tests. The results of these two
tests are given in Table 1. The haemolytic zone
diameters produced with West Nile were 3.0-4.0 mm
larger than those produced with Japenese encephalitis
serum. Results of the neutralization tests suggested
that the isolates were strains of West Nile virus (Table
2).

DISCUSSION

So far, only a few cases of overt illness due to West
Nile virus have been observed in India. There were
two cases in Vellore in which there was serological
evidence (15), one instance in Shimoga district of
Karnataka State, in which West Nile virus was
isolated from the serum of a patient with pyrexia of
unknown origin (12), and a few serologically proven
cases of encephalitis in Kolar district during the
encephalitis epidemics in 1977, 1979, and 1981.
Overwhelming evidence has been provided by

Israeli workers on the potential role of West Nile virus
in causing encephalitis. As early as 1957, Goldblum et
al. (20) presented evidence for the role of West Nile
virus in central nervous system disease in Israel, and
in 1962, Pruzanski & Altman (21) described seven
cases of encephalitis caused by West Nile virus. More
recently, in 1981, three cases of meningoencephalitis
in young people in Israel have been described (22).
The present communication is the first report from

India incriminating West Nile virus in fatal en-

Table 1. Results of quick complement fixation and single radial haemolysis tests on isolates from brain tissue of
patients who died of encephalitis

Quick complement fixationa Single radial haemolysisb

West Nile serum Japanese encephalitis
Antigen adsorbed with serum adsorbed with West Nile Japanese encephalitisAntigen Japanese encephalitis West Nile virus serum serum

virus

Case 1 32 8 7.0 3.5
Case 2 32 16 7.0 4.0
Case 3 16 8 8.0 4.0
Japanese encephalitis virus 8 64 3.5 7.5
West Nile virus 64 8 7.0 4.0

a Result expressed as reciprocal of the highest serum dilution giving 75-100% fixation of complement.
b Haemolytic zone diameter in mm.
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Table 2. Results (in loglo units) of cross-neutralization tests with the isolates from brain tissue of patients who died of
encephalitis

Immune serum (mouse) against

Isolate Case 1 Case 2 Case 3 Japanese West Nile virus
encephalitis virus

Case 1 3.7 NDa ND 1.1 4.2

Case 2 ND 3.88 ND < 1.5 2.36
Case3 ND 5.50 3.88 < 1.0 3.38

Japanese encephalitis
virus ND ND ND 3.6 2.30

West Nile virus 3.3 ND ND 1.3 4.00

° ND = not done.

cephalitis, confirmed by virus isolation from the
brain tissue of three patients. One of the isolates (case
1) was obtained from a sporadic case of encephalitis
in Budithitoo village in Mysore district. Immediately
prior to and subsequent to this isolation, small out-
breaks of encephalitis in children were reported from
Mysore district and the adjoining Mandya district of
Karnataka State. However, the majority of the cases
investigated during these outbreaks were shown by
serological tests to have been caused by Japanese
encephalitis virus (National Institute of Virology,
unpublished data). Two isolates obtained from the
brain tissue of sporadic cases of encephalitis from
Mandya district during the latter half of 1980 were

also identified as Japanese encephalitis virus.
Apparently, in the Mysore and Mandya areas, both
Japanese encephalitis and West Nile viruses have been
active.
The other two isolates were obtained from

children who died of encephalitis during an epidemic
of encephalitis in Kolar district in 1981. Outbreaks of
encephalitis have occurred regularly in Kolar district
since 1977, every alternate year. During the 1977,
1979 and 1981 epidemics, serological evidence was
obtained for the etiological involvement of West Nile
virus in a few cases (National Institute of Virology,
unpublished data). The present isolations cor-
roborate the serological evidence already obtained.

RtSUM1

ISOLEMENT DU VIRUS WEST NILE DU CERVEAU D'ENFANTS MORTS D'ENCtPHALITE

Le virus West Nile est tres repandu en Inde comme le
montrent les enquetes serologiques et l'isolement du virus A
partir de moustiques. Toutefois, on n'a rencontre que
rarement des maladies attribuables a ce virus. Dans le seul
cas oiu, ant6rieurement, le virus West Nile avait et isole de
l'homme, cela avait e A partir du s6rum d'un malade
atteint d'une fievre d'origine inconnue, dans le district de
Shimoga, Etat de Karnataka.
La pr6sente communication signale pour la premiere fois

en Inde, l'isolement du virus West Nile A partir du tissu
cerebral de trois enfants morts d'encephalite dans les
districts de Kolar et Mysore, Etat de Karnataka. Les tissus
cerebraux preleves A l'autopsie au moyen d'une aiguille de

Vim-Silverman ont e traites et inocules A des souriceaux A
la mamelle par les voies intracerebrale et sous-cutan6e, ainsi
qu'A des jeunes souris adultes par la voie intracerebrale.
Dans les trois cas, l'isolement du virus a ete obtenu au
troisieme ou quatrieme passage. Ces isolements ont &6
identifies par les epreuves de fixation du complement,
d'hemolyse radiale simple et de neutralisation.

Jusqu'ici, dans l'Etat de Karnataka, les epidemies
d'encephalite etaient, dans la tres grande majorite des cas,
dues A l'infection par le virus de 1'encephalite japonaise. Le
present rapport indique que le virus West Nile joue aussi un
role dans l'etiologie de l'encephalite virale chez les enfants
dans l'Etat de Karnataka.
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