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We tested 41 bats for antibodies against Nipah and Hen-
dra viruses to determine whether henipaviruses circulate
in pteropid fruit bats (Pteropus giganteus) in northern In-
dia. Twenty bats were seropositive for Nipah virus, which
suggests circulation in this species, thereby extending the
known distribution of henipaviruses in Asia westward by
>1,000 km.

Nipah virus (NiV) and Hendra virus (HeV) are zoonot-
ic paramyxoviruses (genus Henipavirus) that have
caused human deaths in Australia, Malaysia, Singapore,
India, and Bangladesh (1-4). Known reservoirs for heni-
paviruses are Pteropus spp. fruit bats, which are distributed
across the Indo-Pacific region from Madagascar eastward
to the South Pacific islands (5). Evidence of henipavirus
infection has been reported in Pteropus bats from Malay-
sia, Bangladesh, Australia, Thailand, Cambodia, Indonesia,
and Madagascar, which supports the theory that these bats
have co-evolved with henipaviruses (6-8).

The first known outbreak of NiV encephalitis in In-
dia occurred in 2001 in Siliguri, West Bengal (1). The fruit
bat (P. giganteus) is present across the Indian subcontinent
and, although it is suspected as the reservoir host for NiV
in Bangladesh, its status as a reservoir for henipaviruses
in India is unknown. Seven outbreaks of NiV encephalitis
were recognized in Bangladesh from 2000 through 2008,
and antibodies to NiV have been found in P. giganteus in
several colonies there, including colonies adjacent to hu-
man case-patients (3,5,9). In the current study, we exam-
ined a population of P. giganteus bats in India, >1,000 km
west of Siliguri, for antibodies to henipaviruses.
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The Study

We captured 41 P. giganteus bats from a colony in
Haryana State in northern India from June 24 through June
30, 2003, by using mist nets. Blood was collected from
the brachial or cephalic artery or from the vein by using
a heparinized 3.0-mL syringe and a 22-gauge or 27-gauge
needle and stored for 24 hours at 4°C to allow for plasma
separation; the separated plasma was then stored at —20°C
until use. Sex, age, body condition score, pregnancy sta-
tus, lactation status, weight, and forearm length were re-
corded. Age was estimated by the presence of secondary
sexual characteristics and dental wear. Body condition was
assessed by digital palpation of the pectoral muscles and
individuals were assigned a body condition score (BCS)
of “poor,” “fair,” or “good.” Unweaned juveniles were
not assigned a BCS because of their physical immaturity.
Pregnancy was determined by digital palpation, and a bat
was considered “lactating” if milk could be expressed from
either teat. All bats were released after sampling.

All 41 plasma samples were screened for antibodies
to NiV and HeV by using virus-specific indirect ELISAs.
Thirty-nine samples (2 samples had insufficient amounts of
plasma remaining) were analyzed by using NiV and HeV
serum neutralization tests (SNTs) under Biosafety Level 4
conditions (10). For the ELISA, coating antigen was de-
rived from purified HeV- and NiV-infected Vero cells, and
positive control serum specimens were obtained from ex-
perimentally infected horses (HeV) and pigs (NiV). Pro-
tein A/G conjugate was used to detect bound bat serum. A
final serum dilution of 1:50 was used for the bat samples.
A sample was considered reactive if the ratio of its aver-
age optical density at 450 nm (OD, ) of infected Vero cell
antigen-coated wells (each sample was tested in duplicate)
to uninfected Vero cell antigen-coated wells was >2.0 and
the average OD, value for the sample in the infected Vero
cell antigen-coated wells was >0.2. Positive control serum
samples were confirmed by both ELISA and SNT. SNT
results were considered positive if virus neutralization oc-
curred at >1:5 dilution (11). If neutralizing antibodies were
present for both HeV and NiV, the higher titer was consid-
ered the positive test only if the difference between them
was >4-fold (11). Samples that had positive titers to both
viruses that differed by <4-fold were considered positive
for an unspecified henipavirus.

The results of the serologic tests are presented in the
Table, including comparisons of the results by gender, lac-
tation status (females), and BCS. Twenty-six (63%) of 41
samples (95% confidence interval [CI] 47%—78%) were
reactive in the NiV ELISA, 5 of which were also reactive
in the HeV ELISA. No plasma samples reacted only in the
HeV ELISA. Twenty (51%) of 39 samples (95% CI 35%—
68%) had neutralizing antibodies to NiV, and 10 (26%)
of 39 (95% CI 13%—42%) had neutralizing antibodies to
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DISPATCHES

HeV. One (3%) of 39 samples (95% CI 0%—-13%) had a
neutralizing titer of 5 to NiV and HeV. This sample reacted
in the NiV ELISA, but not in the HeV ELISA, although
because it had equivalent neutralizing titers to both viruses,
it was considered positive for an unspecified henipavirus.
The ELISA showed 95% sensitivity and 75% specificity
compared with the SNT.

Each of 2 unweaned pups matched their mother’s se-
rostatus, with 1 pup positive by SNT (pup 80, mother >640).
Samples of the other mother—pup pair were seronegative.
There were no significant differences in the NiV seropreva-
lence in male bats on SNT (8/12) compared to female bats
(12/27) by using a Fisher exact test (FET; p = 0.300) or in
lactating female bats (8/19) compared to nonlactating (5/8)
female bats (FET; p = 0.420). We found significant differ-
ences in seroprevalence between bats with a poor and fair
BCS (FET; p = 0.005), with bats in poor condition having
a lower antibody prevalence than those with fair BCS. No
difference in seroprevalence was found between the poor
and good BCS groups or the fair and good groups.

Conclusions

Our study provides evidence that NiV, or a closely re-
lated henipavirus, circulates in Indian fruit bats (P. gigan-
teus), thereby extending the range of the genus Henipavirus
in Asia westward by >1,000 km. Our results are consistent
with reports of NiV in P. giganteus bats in Bangladesh (3)
and with Pteropus spp. being the primary reservoir of heni-
paviruses (5). Logistical limitations prevented us from at-
tempting virus isolation and testing for viral RNA.

Previous studies have demonstrated that ELISAs, al-
though less specific than SNTs, are useful screening tests
for henipaviruses (11). Our results support this assertion,
with the ELISA showing a high sensitivity. In our study,
neutralizing antibodies to HeV and NiV were detected in

11 bats, 10 of which exhibited a >4-fold titer to NiV anti-
bodies. Concurrent HeV and NiV titers are considered due
to cross-neutralization rather than exposure to both viruses
(6,11,12). Serologic studies provide information about the
proportion of a population exposed to NiV, but not about
the prevalence of bats that may be shedding virus or the
virus itself. Further work in this area is required to fully
characterize the henipavirus(es) involved and to confirm
the status of P. giganteus as a reservoir.

Researchers have suggested that pregnancy plays a
key role in henipavirus transmission among Australian
Pteropus spp. and from bats to other species (13,14). In
our study, we found no significant difference in seropreva-
lence between sexes, or between lactating and nonlactating
females. Of the 2 lactating females carrying pups, 1 had
a high titer of >640 and its pup had a titer of 80 against
NiV, which suggests the passive transfer of antibodies;
the other dam—pup pair was seronegative. Seroprevalence
appeared to be significantly greater in bats with fair BCS
when compared with those with poor BCS; however, no
significant differences were found between good and poor
or good and fair BCS groups. The findings that bats with
fair BCS had a higher seroprevalence than poor BCS bats,
but that there was no difference between good BCS bats
and the other 2 groups, may be explained by the subjective
classification of a bat’s body condition. Those bats deemed
to have fair body condition may have been more similar to
those with robust bodies (good BCS) than those with thin,
emaciated bodies (poor BCS). In fact, if one combines the
good and fair categories, and compares the seroprevalence
(18/28) with that of the poor group, the difference is still
significant (p = 0.007); by contrast, combining the fair and
poor categories (17/32) and comparing that seroprevalence
to the good category results in no significant difference (p
= 0.660). Having a lower seroprevalence in bats with the

Table. ELISA and SNT results and univariate associations between serostatus and other variables for wild-caught Pteropus giganteus

bats in India*

ELISA SNT
No. NiV reactive/  No. HeV reactive/ No. NiV positive/total (%) NiV SNT comparisons,

Characteristic no. tested no. tested [median titer; range] p valuet
Total 26/41 5/41 20/39% (51) [80; 5-640]
Male 10/12 3112 8/12 (67) [60; 20-640] 0.300
Female 16/29 2/29 12/27% (44) [80; 5-640]

Lactating 12/20 2/20 8/19%1 (42) [80;20-640] 1.00

Nonlactating 4/9 0/9 4/8% (50) [80;5-80]
Body condition score§

Poor 5/9 0/9 1/9 (11) [640; NA] P v F: 0.005;

Fair 16/24 5/24 16/23 (70) [80; 5-640] FvG:0.315;

Good 3/6 0/6 2/5 (40) [60; 40-80] PvG:0.505

*SNT, serum neutralization test; NiV, Nipah virus; HeV, Hendra virus; NA, not applicable; P, poor; F, fair; G, good.

tFisher exact test p value significant at <0.05.

}Two samples had insufficient plasma for SNT (both were ELISA negative); sample 1 was from a nonlactating adult female with a good body condition
score (BCS) and the other was from a lactating adult with a fair BCS. A third sample, a nonlactating adult female with a good BCS had equivocal NiV/HeV
SNT titers (5), which was attributed to an unspecified henipavirus and considered negative for NiV and HeV.

§Two pre-weaned pups (1 male, NiV SNT negative; 1 female, NiV SNT positive titer 80) were excluded from the BCS dataset because of their physical

immaturity.
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poorest BCS may be explained as an artifact of the nonran-
dom sampling (we sampled those bats that were first to be
captured), by the limited sample, or it could suggest that
NiV infection causes death in P. giganteus bats that are in
poor physical condition. The latter explanation is less plau-
sible because experimental infections of Pteropus spp. with
henipaviruses produce only subclinical infection with no
illness or death (15).

In northern India, as in Bangladesh, P. giganteus
bats live in close association with the human population.
Indeed, the colony examined in this study lives in a busy
town above a major tourist attraction. Previous studies of
NiV encephalitis outbreaks in Bangladesh have identified
fresh date palm juice or fruit as plausible foodborne routes
of transmission between bats and humans (3,16). The mul-
tiple outbreaks of NiV in Bangladesh, and the 2001 out-
break in West Bengal, show a continued risk for spillover
infection between bats and humans in this region. Our
findings suggest that the risk for NiV spillover to humans
should be considered over a much wider area than previ-
ously regarded.

Acknowledgments

We thank the Government of Haryana for permits to sample
bats and the Ministry of Environment and Forests, Government of
India for Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora, for permits to export samples for
analysis. We also thank Devojit Das, M. Saravanan, and M. Raju
for field assistance, and Chris Morrissy for diagnostic support and
ELISA protocol.

This study was funded by an National Science Foundation/
National Institutes of Health (NIH) Ecology of Infectious Diseas-
es award (RO1 TW05869) from the John E. Fogarty International
Center, core funding to the Consortium for Conservation Medi-
cine from the V. Kann Rasmussen Foundation, and an award from
the Geraldine R. Dodge Foundation to A.B.M. J.H.E. is support-
ed by an NIH Mentored Clinical Scientist Development Award
(1K08AI067549-01A2) from the National Institute for Allergy
and Infectious Diseases. This work is published in collaboration
with the Australian Biosecurity Cooperative Research Center.

Dr Epstein is a senior research scientist at the Consortium
for Conservation Medicine, New York. His research interests in-
clude the ecology of infectious diseases, with a particular focus on
emerging zoonotic pathogens.

Henipavirus Infection in Fruit Bats

References

1. Chadha MS, Comer JA, Lowe L, Rota PA, Rollin PE, Bellini WJ,
et al. Nipah virus-associated encephalitis outbreak, Siliguri, India.
Emerg Infect Dis. 2006;12:235-40.

2. Chua KB, Bellini W, Rota P, Harcourt B, Tamin A, Lam S, et al.
Nipah virus: a recently emergent deadly paramyxovirus. Science.
2000;288:1432-5. DOI: 10.1126/science.288.5470.1432

3. Hsu VP, Hossain MJ, Parashar UD, Ali MM, Ksiazek TG, Kuzmin
I, et al. Nipah virus encephalitis reemergence, Bangladesh. Emerg
Infect Dis. 2004;10:2082—7.

4. Selvey LA, Wells RM, McCormack JG, Ansford AJ, Murray PK,
Rogers RJ, et al. Infection of humans and horses by a newly de-
scribed morbillivirus. Med J Aust. 1995;162:642-5.

5. Epstein JH, Field HE, Luby S, Pulliam JR, Daszak P. Nipah virus:
impact, origins, and causes of emergence. Curr Infect Dis Rep.
2006;8:59—65. DOI: 10.1007/s11908-006-0036-2

6. Iehlé C, Razafitrimo G, Razainirina J, Andriaholinirina N, Good-
man SM, Faure C, et al. Henipavirus and Tioman virus antibodies in
pteropodid bats, Madagascar. Emerg Infect Dis. 2007;13:159-61.

7. Wacharapluesadee S, Lumlertdacha B, Boongird K, Wanghongsa S,
Chanhome L, Rollin P, et al. Bat Nipah virus, Thailand. Emerg Infect
Dis. 2005;11:1949-51.

8. Halpin K, Young PL, Field HE, Mackenzie JS. Isolation of Hendra
virus from pteropid bats: a natural reservoir of Hendra virus. J Gen
Virol. 2000;81:1927-32.

9. Luby S, Rahman M, Hossain MJ, Ahmed BN, Gurley E, Banu S, et
al. Recurrent Nipah virus outbreaks in Bangladesh, 2001-2007. Am
J Trop Med Hyg. 2007;77:273.

10. Middleton DJ, Westbury HA, Morrissy CJ, van der Heide BM, Rus-
sell GM, Braun MA, et al. Experimental Nipah virus infection in
pigs and cats. J Comp Pathol. 2002;126:124-36. DOI: 10.1053/
jcpa.2001.0532

11. Daniels P, Ksiazek T, Eaton BT. Laboratory diagnosis of Nipah and
Hendra virus infections. Microbes Infect. 2001;3:289-95. DOI:
10.1016/S1286-4579(01)01382-X

12. Yob JM, Field H, Rashdi AM, Morissy C, van der Heide B, Rota P,
et al. Nipah virus infection in bats (order Chiroptera) in penninsular
Maylaysia. Emerg Infect Dis. 2001;7:439-41.

13.  Mackenzie JS, Field HE, Guyatt KJ. Managing emerging dis-
eases borne by fruit bats (flying foxes), with particular reference
to henipaviruses and Australian bat lyssavirus. J Appl Microbiol.
2003;94:59S-69S. DOI: 10.1046/j.1365-2672.94.s1.7.x

14. Plowright RK, Field HE, Smith C, Divljan A, Palmer C, Tabor G,
et al. Reproduction and nutritional stress are risk factors for Hendra
virus infection in little red flying foxes (Pteropus scapularus). Proc
Biol Sci. 2008;275:861-9. DOI: 10.1098/rspb.2007.1260

15. Middleton DJ, Morrissy CJ, van der Heide BM, Russell GM,
Braun MA, Westbury HA, et al. Experimental Nipah virus infec-
tion in pteropid bats (Pteropus poliocephalus). J Comp Pathol.
2007;136:266-72. DOI: 10.1016/j.jcpa.2007.03.002

16. Luby SP, Rahman M, Hossain MJ, Blum LS, Husain MM, Gurley
E, et al. Foodborne transmission of Nipah virus, Bangladesh. Emerg
Infect Dis. 2006;12:1888-94.

Address for correspondence: Jonathan H. Epstein, The Consortium for
Conservation Medicine, 460 W 34th St, 17th Floor, New York, NY 10001,

USA; email: epstein@conservationmedicine.org

Search past issues of EID at www.cdc.gov/eid

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 14, No. 8, August 2008

1311





