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Introduction
Viral encephalitis is an important global public-health
problem. In India, although many encephalitis outbreaks
have been associated with Japanese encephalitis virus,1

several outbreaks have remained undiagnosed. One 
such outbreak was documented in Jamshedpur as 
early as 1954.2 A group of patients was characterised by
sudden onset of high-grade fever (101–106°F), occasional
vomiting, rigors, and drowsiness leading to uncon-
sciousness, followed by death in 6–48 h. The age of the
affected children ranged from 2·5 months to 15 years.
The case fatality rate was 52·3%, and CSF findings
were within normal limits. The cause was thought to 
be viral, but laboratory findings were inconclusive.
Subsequently, outbreaks of a similar nature were
described from Nagpur, Raipur, Bilaspur, and nearby
areas of central India in the years 1958, 1965, 1968,
1978, and 1983. Similar outbreaks were reported from
Warangal in Andhra Pradesh in 1997 and 2002. In 
the absence of a defined cause, these outbreaks were
tentatively attributed to Reye’s syndrome, dengue,
chikungunya, Japanese encephalitis, measles, and so
on.3–5

An outbreak of encephalitis was reported between
June and September, 2003, in Andhra Pradesh and
adjoining areas in the Maharashtra state of India. 
We report our investigation into the cause of this
outbreak. 

Methods
Affected area and patients
Andhra Pradesh is a state in southern India situated
between 77–84° east and 13–19° north. It is divided 
into three main regions: Telangana (ten districts),
Rayalseema (four districts), and a coastal region of nine
districts. Most of the encephalitis cases were reported
from the Telangana region. The state’s general population
density is 200–250 people per km2. There are three
distinct seasons: summer (March to July with temper-
ature range of 36–49°C), monsoon (July to December
having an average rainfall of 56·00 mm), and winter from
December to February (temperature range 20–40°C).

The state health authorities of Andhra Pradesh
undertook surveillance to detect cases of encephalitis,
with a broad case definition of acute fever with CNS
involvement and negative for other known causes of
illness. Clinical samples were collected from three
groups: an encephalitis group, based on the case
definition used by the state government; a fever group—
ie, fever without CNS involvement; and a family-contact
group—ie, no fever and no CNS involvement. Samples
obtained were: 54 blood samples, 22 throat swabs, ten
CSF samples, and one brain aspirate from 55 patients
with encephalitis; five blood samples and nine throat
swabs from 13 fever cases; and ten blood samples and
one throat swab from ten family contacts (including
specimens from the brother and mother of a patient who
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Summary
Background An outbreak of acute encephalitis of unknown origin with high case fatality (183 of 329 cases) was

reported in children from Andhra Pradesh state in southern India during 2003. We investigated the causative agent.

Methods Cell lines and peripheral blood lymphocyte co-cultures were used to isolate the causative agent from clinical

samples. Identity of the agent was established by electron microscopy and serological and molecular assays.

Findings Clinical samples tested negative for IgM antibodies to Japanese encephalitis, West Nile, dengue, and

measles viruses, and for RNA of coronavirus, paramyxovirus, enterovirus, and influenza viruses. Virus was isolated

from six patients with encephalitis and was identified as Chandipura virus by electron microscopy, complement

fixation, and neutralisation tests. Chandipura virus RNA was detected in clinical samples from nine patients.

Sequencing of five of these RNA samples showed 96·7–97·5% identity with the reference strain of 1965.

Chandipura viral antigen and RNA were detected in brain tissue of a deceased child by immunofluorescent antibody

test and PCR. Neutralising, IgG, and IgM antibodies to Chandipura virus were present in some patients’ serum

samples. Serum samples obtained after 4 days of illness were more frequently positive for IgM to Chandipura virus

than were those obtained earlier (p<0·001). A similar trend was noted for neutralising antibodies. 

Interpretation Our findings suggest that this outbreak of acute encephalitis in Andhra Pradesh was associated with

Chandipura virus, adding to the evidence suggesting that this virus should be considered as an important emerging

pathogen.
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died from encephalitis). The confirmed Chandipura
virus encephalitis group consisted of individuals from
whose samples we isolated the virus, viral RNA, or
reactive IgM antibodies.

Laboratory investigations
The state government did laboratory tests to rule out
bacteria and malaria, and to study CSF profiles. We
tested for Japanese encephalitis virus, West Nile virus,
measles virus, dengue virus, paramyxoviruses, rabies
virus, enteroviruses, influenza virus, coronaviruses, and
mycoplasma, by use of serological tests, PCR, or both.6–9

All handling of material and tests were done with
appropriate biosafety practices.

Isolation of virus was done by inoculation of clinical
specimens (31 throat swabs, five CSF, and one brain
aspirate from a patient who died) into Vero, Madin-Darby
canine kidney (MDCK), and rhabdomyosarcoma (RD) cell
lines, with standard procedures. White blood cells were
obtained from ten patients’ blood clots by lysing red blood

cells, and were co-cultured with phytohaemagglutinin-
stimulated peripheral-blood mononuclear cells from
normal donors. All cultures inoculated with the clinical
material were frequently checked for cytopathic effects.
Five CSF samples were also inoculated into the brains of
1-day-old Swiss-albino mice to grow virus.

Tissue culture fluids from cultures showing cytopathic
effects were negatively stained with 1% sodium
phosphotungstic acid pH 6·0 and examined with the
100 KV mode of a transmission electron microscope
(Tecnai 12 Biotwin, FEI, Eindhoven, Netherlands). 

Complement fixation tests were done with
hyperimmune Chandipura virus antiserum raised
against a prototype strain of the virus (653514).10 In-vitro
virus neutralisation tests were done in Vero cells as
described previously11 with 100 TCID50 (50% tissue
culture infective dose) of Chandipura virus. The titre of
virus-neutralising antibody was assigned as the
reciprocal of the antibody dilution capable of
neutralising the virus. Hyperimmune serum raised in
mice against a standard strain of Chandipura virus
served as a positive control and was used for
identification of virus isolate.

An immunofluorescence assay was used to test for virus
in brain-tissue suspension, which was spread on glass
slides, air dried, acetone fixed, and immunolabelled with
mouse anti-Chandipura-virus hyperimmune serum and
anti-mouse fluorescein-isothiocynate-conjugate, by use of
standard procedures, along with appropriate controls.

RT-PCR for Chandipura virus RNA was done on the
basis of the G gene sequence for an Indian Chandipura
virus isolate (CHPI-653514, Genebank accession number
J04350) The primers shown in the panel were synthesised
and used in hemi-nested format for the detection of
Chandipura viral RNA in clinical specimens. 

PCR products were purified by use of Wizard PCR
preps DNA purification Kit (Promega, Madison, USA)
according to the manufacturer’s instructions, and
sequenced with Big Dye Terminator cycle sequencing
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Figure 1: Map of Andhra Pradesh, India, showing districts affected by encephalitis
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Figure 2: Transmission electron micrographs of primary Chandipura virus
isolates from culture
Bar=100 nm in both micrographs. (A) Two negative stained virus particles
showing the stain filled canals and basal attachments. (B) Negative stained
Chandipura virus particle showing typical vesiculovirus morphology, including
the internal ribonucleoprotein coil. Inset shows a virus particle with a released
helical ribonucleoprotein coil .
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Panel: Primers

CHPG-F2 5� GTC TTG TGG TTA TGC TTC TGT 3�
CHPG-F3 5� TGT GTC CGA CCG GGA TCA GAG GT 3�
CHPG-R2 5� TGA GCA TGA GGT AGC TGT GGAT 3�



Articles

Ready Reaction Kit (Applied Biosystems, Foster City,
USA) and an automatic Sequencer (ABI PRISM 310
Genetic Analyser, Applied Biosystems). Both strands
were sequenced.

We did phylogenetic analysis of the partial G gene
sequence (395 nt) with MEGA software.12 The Jukes-
Cantor algorithm was used with the neighbour-joining
method. To assess the reliability of the groupings
obtained, we used bootstrap analysis (1000 bootstraps)
available in the software (SEQBOOT: 1000 boot strap
replications). Greater than 70% bootstrap support was
judged to be reliable phylogenetic grouping. 

IgM and IgG antibodies against Chandipura virus were
detected by locally developed capture ELISA (patent
pending). IgM or IgG from patient’s serum were captured
on wells coated with anti-human IgM or IgG, respectively.
Chandipura virus extracted from mouse brain by sucrose-
acetone was the source of antigen. Captured antigen 
was detected with the IgG fraction of polyclonal anti-
Chandipura-virus mouse serum conjugated with biotin13

(Sigma Chemicals, St Louis, USA) followed by avidin-

horseradish peroxidase. o-phenyline-diamine-hydrogen
peroxide was added for colour development. Negative
controls included: age-matched serum from apparently
healthy children from an area not affected by the
outbreak, and serum and CSF from children with
flavivirus encephalitis. The cutoff value was determined
as mean optical density for negative controls plus 3 SD. 
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Age in years (sex) POD CHP-reactive antibodies CHP isolation CHP PCR

IgM IgG NAb TS Blood clot TS Serum CSF

Encephalitis 
1 4 (f) 0 NEG NEG <10 ·· POS ·· ·· ··
2 8 (m) 0 POS POS <10 ·· ·· ·· ·· ··
3 8 (f) 0 NEG NEG <10 NEG (V,R) ·· ·· POS ··
4 5 (m) 1 NEG NEG <10 POS (V,R) ·· POS ·· ··
5 6 (f) 1 NEG NEG <10 NEG (V,R) NEG ·· POS NEG
6 11 (f) 1 POS NEG <10 ·· ·· ·· ·· ··
7 9 (m) 1 NEG NEG <10 POS (M) ·· POS ·· ··
8 5 (f) 1 NEG NEG <10 ·· NEG NEG POS ··
9* 9 (f) 2 NEG NEG <10 ·· ·· NEG POS POS
10 4 (f) 2 NEG NEG <10 POS(V,R,M) NEG POS NEG NEG
11 2 (f) 3 POS NEG <10 ·· ·· ·· ·· ··
12 8 (f) 3 NEG NEG <10 ·· ·· ·· POS ··
13 5 (m) 4 POS NEG <10 ·· ·· POS ·· ··
14 3 (f) 5 POS POS 270 NEG (V,R,M) ·· NEG ·· NEG
15 4 (f) 6 POS NEG 30 ·· NEG ·· ·· ··
16 5 (f) 6 POS NEG 10 ·· ·· ·· ·· ··
17 0.75 (m) 6 POS POS 540 ·· ·· ·· ·· ··
18 4 (m) 7 POS POS 540 ·· ·· ·· ·· ··
19 9 (m) 7 POS NEG 90 ·· ·· ·· ·· ··
20 4 (m) 7 POS POS 90 NEG (V,R,M) NEG NEG NEG ··
21 2.5 (f) 8 NEG NEG <10 NEG(V,R,M) POS NEG NEG NEG
22 9 (f) 8 POS NEG 270 ·· ·· ·· ·· ··
23 4 (m) 10 POS POS 270 ·· ·· ·· ·· ··
24 11 (f) 12 POS POS 540 ·· ·· ·· ·· ··
25 4 (f) 14 POS POS 540 ·· ·· ·· ·· ··
26 4 (m) NA POS POS NA NEG (V,R) ·· NEG ·· ··
27 3 (f) NA POS POS 540 ·· ·· ·· ·· ··
28 4 (f) NA POS POS >270 ·· ·· ·· ·· ··
Fever
29 9 (f) NA POS POS 270 ·· ·· ·· ·· ··
30 11 (m) NA NA NA NA POS (R) ·· ·· ·· ·· 
31 8 (m) 3 POS NEG <10 ·· ·· ·· ·· ·· 
Contacts
32 17 (m) ·· POS POS 270 ·· ·· ·· ·· ··
33 32 (f) ·· POS NEG 90 ·· ·· ·· ·· ··

NA=not available. *Isolate from brain in Vero and RD. M=male. f=female. Cultures used for isolation: V=Vero, R=RD, M=MDCK , CHP=Chandipura virus. NEG=negative. POS=positive.

POD=Post-onset day of illness when specimens were obtained. TS=throat swab. Absence of data in cells denotes that clinical specimens were not available.     

Table 1: Details of patients with confirmed diagnosis of recent Chandipura virus infection

Figure 3: Immunofluorescence of brain smear stained with anti-Chandipura-
virus antibody 
(A) Fluorescent antibody with normal mouse serum. (B) Fluorescent antibody
with anti-Chandipura-virus mouse serum.



Articles

Statistical analysis
For comparison of proportions, Fisher’s exact test was
used. The Mann-Whitney test was used to compare
neutralising antibody titres.

Role of the funding source
The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
On the basis of the broad case-definition used by the
Andhra Pradesh state government, 329 cases of
encephalitis were reported between June and
September, 2003, with 183 deaths (case fatality rate
55·6%). Most deaths occurred within 48 h of admission

to hospital. The distribution of cases was mainly rural,
spread over 13 districts of the state, and was spotty
without clustering (figure 1). Age of patients ranged
from 9 months to 14 years. The male to female ratio was
1 to 0·77. Limited data suggested that CSF was usually
under pressure; pleocytosis was absent. Neurological
sequelae were rare in the children who recovered.

The typical clinical manifestations in the group with
confirmed Chandipura virus encephalitis (n=28) included
rapid onset of fever (28 patients, 100%), followed by
vomiting (15, 54%), altered sensorium (25, 89%),
convulsions (23, 82%), diarrhoea (five, 18%), neurological
deficit (four, 14%), and meningeal irritation (two, 7%).

Brain tissue was obtained after death from only 
one patient: a 9-year-old, previously healthy girl
developed fever, vomiting, and generalised tonic-clonic
convulsions, became unconscious, and had severe
dehydration. On admission she developed tachycardia,
dyspnoea, irregular breathing, bilateral papilloedema,
decerebrate posture, and no response to painful stimuli.
Blood pressure at admission was 90/60 mm Hg and
subsequently dropped to 60 mm Hg/not recordable. The
girl was put on a mechanical ventilator. She continued
with fever (101°F) and developed bradycardia and
pupillary dilatation. Potassium rose substantially in her
serum (to 8 mmol/L). The patient was treated with
intravenous fluids, antibiotics, phenytoin, diazepam,
and mannitol, and died within 24 h of admission. 

Routine laboratory investigations screening for Japanese
encephalitis virus, West Nile virus, paramyxovirus,
coronavirus, measles virus (serum and CSF), dengue
virus, rabies virus, influenza viruses, and mycoplasma
(throat swab and CSF) yielded negative results. 

In the encephalitis group, all ten CSF samples were
negative for virus isolations. Virus was isolated from
three of 22 throat swabs (one in MDCK; one in RD, Vero,
and MDCK; one in Vero and RD), one brain aspirate in
RD and Vero cell cultures, and two of ten blood clots in
peripheral-blood mononuclear cell co-culture. Five of the
six samples from which virus was isolated had been
obtained within 4 days of onset of illness. In the fever
group, one of eight throat swabs yielded virus in the RD
cell line.

Assessment of the culture isolates with transmission
electron microscopy showed the presence of bullet-
shaped particles that were 150–165 nm long and
50–60 nm wide, with distinct surface projections
9–11 nm in length and a stain-filled canal at the base of
the particle—all features suggestive of rhabdoviruses
(figure 2). Isolates were identified as Chandipura virus
by complement fixation and neutralisation tests.
Chandipura viral antigen and RNA were detected in
brain tissue by immunofluorescence assay (figure 3) and
PCR, respectively. Four of 21 throat swabs, one of seven
CSF samples, five of 25 serum samples, and one brain
aspirate were positive for Chandipura virus RNA. One of
the five positive serum samples was from the patient
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CHPI-653514 CTCAAGTCTT GACCTCAGAG ATTCAGAGGA TTTTGGATTA TTCCTTGTGT [ 50]

CHPI631TS .......... ......G..A .......... .......... .......... [ 50]

CHPI648TS .......... ......G..A .......... .......... .......... [ 50]

CHPI652TS .......... ......G..A ..C....... .......... .......... [ 50]

CHPI627TS .......... ......G... .......... .......... ...T...... [ 50]

CHPI657CSF .C........ .......... .......... ....A..... .......... [ 50]

CHPI-653514 CAGAACACGT GGGACAAGGT AGAACGCAAA GAGCCGTTGT CTCCATTGGA [100]

CHPI631TS .......... .......... .......... .......... .......... [100]

CHPI648TS .......... .......... .......... .......... .......... [100]

CHPI652TS .......... .......... .......... .......... .......... [100]

CHPI627TS .......... .......A.. .......... .......... .......... [100]

CHPI657CSF .......... .......... .......... .......... .......... [100]

CHPI-653514 TCTAAGCTAT TTGGCATCTA AATCTCCGGG GAAAGGTCTG GCATATACAG [150]

CHPI631TS ...C...... .......... .......... .......T.. .......... [150]

CHPI648TS ...C...... .......... .......... .......T.. .......... [150]

CHPI652TS ...C...... .......... .......... .......... ........G. [150]

CHPI627TS ...C...... .......... ....C..... .......... .......... [150]

CHPI657CSF ...C...... .......... .......... ......C... ........C. [150]

CHPI-653514 TGATAAATGG GACATTGTCA TTTGCCCATA CTAGATACGT GAGGATGTGG [200]

CHPI631TS .......... .......... .......... .C........ .......... [200]

CHPI648TS .......... .......... .......... .C........ .......... [200]

CHPI652TS .......... .......... .......... .C........ .......... [200]

CHPI627TS .......... .......... .......... .C........ .......... [200]

CHPI657CSF .......... .......... .......... .C........ .......... [200]

CHPI-653514 ATTGATGGCC CGGTGTTGAA AGAACCTAAA GGCAAAAGGG AATCCCCTAG [250]

CHPI631TS .......... .......... ....ATG... .......... ....T..... [250]

CHPI648TS .......... .......... ....ATG... .......... ....T..... [250]

CHPI652TS .......... .A........ ....ATG... .......... ....T..... [250]

CHPI627TS .......... .......... ....ATG... .......... ....T..... [250]

CHPI657CSF .......... .......A.. ......G... .......... ....T..C.. [250]

CHPI-653514 TGGGATCTCG AGTGATATTT GGACCCAATG GTTCAAATAT GGGGATATGG [300]

CHPI631TS .......... .......... .......... .......... ..A....... [300]

CHPI648TS .......... .......... .......... .......... ..A....... [300]

CHPI652TS .........A .......... .......... .......... .......... [300]

CHPI627TS .......... .......... .......... .......... .......... [300]

CHPI657CSF .......... .....C.... .......... .......... .......... [300]

CHPI-653514 AGATAGGTCC AAACGGCCTA TTAAAGACAG CAGGAGGGTA CAAATTCCCC [350]

CHPI631TS .......... .......... .......... .......... .......... [350]

CHPI648TS .......... .........C .......... .......... .......... [350]

CHPI652TS .......... .........C .......... .......... .......... [350]

CHPI627TS .......C.. .......... .......... .......... .......... [350]

CHPI657CSF .......... .........C .......... .......... .......... [350]

CHPI-653514 TGGCATCTGA TCGGTATGGG AATTGTTGAC AATGAACTAC ACGAG [395]

CHPI631TS .......... .......... .......... .......... ..... [395]

CHPI648TS .......... .......... .......... .......... ..... [395]

CHPI652TS .......... .......... .......... .......... ..... [395]

CHPI627TS .......... .......... .......... .......... ..... [395]

CHPI657CSF .......... .......... .......... ......T... ..... [395]

Figure 4: Nucleotide alignment of reference (CHPI-653514) and epidemic (bold) strains of Chandipura virus
partial G gene sequences
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who died, described earlier. All nine samples that were
positive for RNA had been obtained within 4 days of
illness onset (table 1). All isolates were also positive for
Chandipura viral RNA.

Partial G gene sequences of 395 nt (accession number
AY5544072–411) representing clinical specimens from
five patients showed 96–99·8% identity (mean 97·5%,
95% CI 95·1–99·9; figure 4). These sequences were
96·7–97·5% (97·03, 95% CI 96·4–97·6) identical with
the 1965 reference sequence. All Chandipura virus
sequences clustered together with 100% bootstrap
support and were closer to Piry virus than to vesicular
stomatitis virus (figure 5). 

Table 1 shows IgM, IgG, and neutralising antibody
status for 28 patients with confirmed Chandipura virus
encephalitis, three patients with fever, and two contacts.
Table 2 shows antibody status in 48 patients with
encephalitis, including 25 of the patients with confirmed
Chandipura virus infection mentioned in table 1 (data
were incomplete for the other three patients). Since no
paired samples of serum from the acute and convalescent
phases of illness could be obtained from the patients
during this outbreak, the results from testing of single-
bleed serum samples were assessed in relation to the time
after disease onset at which samples were obtained. A
smaller proportion (four of 30 [13%]) of serum samples

obtained up to 4 days after onset of illness (early samples)
were positive for IgM reactive with Chandipura virus,
compared with samples obtained later than 4 days after
onset of illness (11 of 16 [69%]; p<0·001). A similar trend
was also noted for Chandipura virus-reactive IgG anti-
bodies (3% of early samples positive vs 50% of late
samples) and neutralising antibodies (7% vs 83%). The
geometric mean titres in early versus late samples were
significantly different (6·1 vs 87·4, p<0·001). Chandipura
virus-reactive IgM antibodies were also found in two of
five patients with fever but no CNS involvement, and in
two of ten family contacts. Unfortunately, because of the
nature of the outbreak response and local resources, we
were unable to obtain serum samples from a larger
control group.

Discussion
The viruses isolated in different cell lines from clinical
samples from patients with encephalitis were confirmed
as Chandipura virus with various techniques including
complement fixation, neutralisation test, and immuno-
fluorescence assay. Analysis of partial G gene sequences
showed that the genome of the Chandipura virus strain
associated with this outbreak was distinct from that 
of the reference strain obtained in 1965. Importantly, 
in one fatal encephalitis case from this outbreak, both
Chandipura viral antigen and RNA were detected in situ
in the post-mortem brain tissue. The clinical pre-
sentation of this patient was representative of the
symptoms seen in most of the other patients reported
during the present outbreak. Chandipura virus was also
subsequently isolated from this tissue. Therefore, the
presence of the virus in the brain was probably the cause
of CNS pathology leading to encephalitis in this patient.
Moreover, the presence of Chandipura virus RNA in
nine patients with encephalitis, all from samples
obtained before day 4 after onset of illness, suggests an
early viraemic phase of the infection process. That five of
six virus isolates were obtained from such early samples
further strengthens this observation.

Further evidence that Chandipura virus was the
primary causal agent for this outbreak is the pattern of
immune response to the virus. Substantially higher
proportions of positive test results for Chandipura virus-
reactive antibodies were noted among samples obtained
more than 4 days after onset of illness, compared with
samples obtained earlier, suggesting a seroconversion
window period and primary exposure to the virus in the
people from whom samples were taken early.

Of the 55 cases of encephalitis investigated, evidence of
recent infection with Chandipura virus could be
established conclusively in 28 cases (51%) based on
either the presence of virus or viral RNA, IgM antibodies,
or both. The absence of evidence of such an infection in
some samples could be because samples were obtained
very soon after disease onset. A small proportion of the
remaining cases might represent encephalitis due to
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Figure 5: Phylogenetic analysis of partial G gene sequences (395 nt) of
viruses from vesiculovirus genus
Viruses: vesicular stomatitis Indiana virus (VSV-Indiana, J02428), vesicular
stomatitis New Jersey virus (VSV-NJ, JJ02433), Piry virus (Z15093) and reference
Chandipura virus (CHPI-653514, J04350). Five sequences obtained during the
present study are shown in bold. Percent bootstrap support is indicated by the
values at each node.

 CHPI631TS

 CHPI648TS

 CHPI652TS

 CHPI-653514

 CHPI657CSF

 CHPI627TS

 Piry virus

 VSV (INDIANA)

 VSV (NJ)100

61
100

82

43

49

0·05 

Encephalitis Fever without Contacts 

POD 0–4 POD >4 encephalitis without disease

IgM+, IgG– 3/30 4/16 1/5 1/10
IgM+, IgG+ 1/30 7/16 1/5 1/10
IgM–, IgG+ 0/30 1/16 0/5 2/10
IgM–, IgG- 26/30 4/16 3/5 6/10
NAb 2/29 15/18 2/5 7/10
NAb (GMT) 6·1 87·4 28·31 45·22
NAb (median <10 (<10–90) 135 (<10–540)(<10–270)* 60 (<10–540)
[range])

Data are number of samples positive/total tested, unless otherwise stated. POD=Post-
onset day of illness when specimens were obtained. NAb=Neutralising antibody.
GMT=Geometric mean titre. POD data were not available for three patients with
encephalitis included in table 1 but not in table 2. *Only two values for this set of data.

Table 2: Antibody status and relation to time of sample collection 
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other causes. The multiple lines of evidence together
implicate Chandipura virus as the causative agent
associated with the present outbreak of acute encephalitis
in the absence of any other identifiable causes.

The presence of IgM reactive with Chandipura virus in
two patients with fever and in two family contacts of a
patient with encephalitis suggests that infection with the
virus may remain asymptomatic or lead to fever without
encephalitis; the disease spectrum needs careful study.
Evidence of IgG against Chandipura virus detected in
adults probably indicates environmental exposure to the
virus. Several earlier outbreaks of encephalitis recorded in
central India from 1954 onwards that showed similarities
to the present outbreak (clinical features, seasonality, and
undetermined aetiology) might perhaps have been due to
Chandipura virus, which could be endemic in these
regions.

Most of the vesiculoviruses are transmitted by sandflies.14

Interestingly, Chandipura virus was detected by PCR in a
sandfly pool obtained from the house of an affected patient
in the present outbreak (unpublished report). This finding
and earlier isolation of the virus from sandflies both in
India15 and Africa16 strongly suggest that sandflies might be
the vector of this disease. In India, these insects are more
prevalent in the early monsoon period, a season that
coincided with the present outbreak. The isolation of
Chandipura virus from sandflies,15,16 human beings,17 and
vertebrates;18 the presence of reactive antibodies in human
beings and other vertebrate hosts;19 and the ability of
sandflies and mosquitoes to transmit the virus to
susceptible hosts;20–23 represents a broad eco-cycle of the
virus in nature. The previous isolation of the virus from
human beings with febrile and encephalopathy4,17 and
association of this virus with the present large encephalitis
outbreak, implicates Chandipura virus as an emerging
pathogen of substantial public-health importance.
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