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Vampire	bat	rabies	in	Latin	America

Desmodus	rotundus

500km

Maintenance	host

Thousands	of	lethal	
outbreaks	every	year

Livestock	rabies

Increasing	source
(85%	of	173	human	
rabies	cases	since	
1996	in	Peru)	

Human	rabies

Dead	end	hosts

bite



Rabies	expanding	into	previously	rabies-
free	vampire	bat	populations

Benavides,	Valderrama &	Streicker (2016)	Proc	B

Data:	SENASA	Peru
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Area	infected	and number	of	rabies	outbreaks	in	livestock



Vampire	bat	dispersal

Anticipate	outbreaks	in	
enzootic	areas

Forecast	viral	invasion	to	
currently	rabies-free	areas

New	opportunities	for	
prevention	and	control

Infected	colony Un-infected	
colonyInfected	colony



Field	methods	to	study	vampire	bat	dispersal

Mark-recaptureRadio-telemetry

Good	on	small	to	medium	
spatial	scales

Requires	recapture

Good	on	small	spatial	scales
Challenging	to	implement



Genetic	approach	to	study	bat	and	virus	
dispersal	

Virus	sequences

Host	genetics
Geographic	barriers	to	bat	flight

Identify	connected	populations

Sex-biased	dispersal	(♂ &	♀
inherited	genetic	markers)

Quantify	speed	of	viral	invasion

Geographic	routes	
and	mechanisms	for	
future	virus	spread

Speed	of	viral	
spread

Predict	routes	and	timing	of	future	viral	invasions	to	rabies	free-areas



Capture	and	sampling	of	vampire	
bats	in	Peru

Coast Andes Amazon

Vampire	bat	rabies	free Vampire	bat	rabies	enzootic Vampire	bat	rabies	enzootic

29	colonies	of	Desmodus



Collection	of	DNA	from	vampire	bats
>	480	bats	

Host	mitochondrial	DNA,	CytB (1140bp)	à
geographic	barriers	to♀ bats

Host	nuclear	microsatellites	(N=9)	à geographic	
barriers	to	♂ &	♀ bats



Bat	mitochondrial	DNA:	females	are	
sedentary

Virus lineage
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Bat	nuclear	microsatellites:	gene	
flow	over	larger	distances

Virus lineage
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Analyses	using	
STRUCTURE and	
DAPC support	3	
genetic	groups	of	
vampire	bats

Streicker	et	al. (2016)	PNAS
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Virus	samples	from	national	
surveillance	system	of	Peru	(SENASA)
Rabies	virus	sequences
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Rabies	cases	 in	Peruvian	livestock



Rabies	virus	sequences:	3	independent	
lineages	with	different	geographic	
associations

Streicker	et	al. (2016)	PNAS
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Contrasting	patterns	of	population	
structure	in	bat	and	virus	

Virus lineage
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Greater	population	structure	of	mtDNA indicates	male-biased	dispersal
Similarity	of	virus	and	microsatellites	suggests	male	bats	are	key	to	viral	spread

Rabies	virus Bat	mtDNA (♀ inherited) Bat	Microsats (♂ &	♀ inherited)	

Isolation	of	coast	&	
southern	Andes
Gene	flow	east	of	Andes

Isolation	of	coast	&	
southern	Andes
Gene	flow	east	of	Andes

Isolation	of	all	regions
No	gene	flow	east	of	Andes



Virus lineage
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Simple	landscape	model	of	bat	dispersal	
and	viral	spread
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Recent	viral	invasion	on	projected	routes	
to	Pacific	coast?
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Phylogenetic	estimation	of	viral	invasion	
speeds

5 years

Reconstruction	of	virus	spread	on	landscape

(xi,yi) (xj,yj)

Speed	of	viral	invasion
(Seraphimpackage	in	R)

Viral	phylogeny
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Speeds	of	rabies	invasion	from	2	main	
virus	lineages

VBRV	L1
33.9	km/yr
95%HPD	=	18.2	– 97.2

VBRV	L3
28.4	km/yr
95%	HPD	=	15.0	– 81.9

Predicted	Arrival	to	Pacific	Coast
July	2019

95%	HPD:	Oct	2016	– Mar	2023

June	2020
95%	HPD:	Feb	2017	– Nov	2024

Streicker	et	al. (2016)	PNAS



New	risks	for	humans,	livestock	and	
wildlife	in	historically	rabies-free	areas

Risks	for	livestock



New	opportunities	for	prevention	and	control	
ahead	of	advancing	wavefronts

2017 2018 2019 2020

Vaccination	and	education	in	high	risk	areas

Interventions	within	bat	population	ahead	of	
outbreaks



Culling	experiment	in	Argentina

Rabies	outbreak moving south

Fornes et	al.	(1974)	JWD

95%	reduction of	D.	rotundus	population with
cyanide gas

• High	levels	of	population	
reduction	needed

• Need	for	geographic	barriers

Culling	alone	probably	
insufficient	to	prevent	viral	

invasion	in	large,	inaccessible	
areas	with	many	unknown	

roosts

Lessons



Oral	vaccination	of	bats	ahead	of	wavefronts?

Virus Research 111 (2005) 77–82

Indirect oral immunization of captive vampires, Desmodus rotundus
Marilene F. Almeida a,c,∗, Luzia F.A. Martorelli c, Caroline C. Aires d,

P.C. Sallume, Eduardo Massad a,b
a School of Medicine, The University of São Paulo, LIM01 HCFMUSP, São Paulo, Brazil

b Department of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, London, UK
c Laboratory of Rabies, Zoonosis Control Center of São Paulo Municipality, São Paulo, Brazil
d Zoology Museum of São Paulo University, CP 42694, CEP 04299-970 São Paulo, Brazil

e Center of Control of Zoonosis of Guarulhos, São Paulo, Brazil

Abstract

A vaccinia-rabies glycoprotein recombinant virus (V-RG) vaccine was tested in hematophagous bats (Desmodus rotundus) kept in captivity.
The vaccine was applied in a neutral vehicle (Vaseline) spread on the back of one or two vector bats, which were then reintroduced into their
groups. Our hypothesis was that, as in the case of vampire bat control by vampiricide paste, the administration of V-RG vaccine through
paste to one bat could indirectly protect other bats from the same group. Eight groups were tested. The rabies virus strain used to challenge
the bats was isolated from a naturally infected hematophagous bat (Desmodus rotundus). The survival proportion after the virus challenge
ranged between 42.8 and 71.4%. The results are encouraging because a significant number of bats that did not receive the vaccine survived the
challenge. The vaccine was shown to be safe and immunogenic to hematophagous bats. No adverse effects to vaccinia virus were observed.
© 2005 Published by Elsevier B.V.

Keywords: Rabies; Bats; Desmodus rotundus; Vaccine; Oral immunization

1. Introduction

The use of preventive vaccines against rabies largely
contributed to the reduction or local eradication of rabies in
domestic animals. Therefore, it would be natural the attempt
to vaccinate wild animals. However, the control of rabies
in wildlife population, which replaced dogs as reservoirs
and vectors of rabies, required other strategies such as the
successful oral vaccination of wild mammals in Europe.
Since 1978, several European countries conducted oral ra-

bies vaccination programs for terrestrial wildlife. One of the
vaccines used in the field is V-RG, a recombinant vaccinia
virus,which expresses the glycoprotein of rabies virus (Kieny
et al., 1984). Millions of baits containing V-RG vaccine
were distributed in the last decade in Canada, United States,
Switzerland,Germany,BelgiumandFrance. Programsof oral
vaccination of red foxes (Vulpes vulpes), raccoons (Procyon

∗ Corresponding author. Tel.: +55 11 62245545; fax: +55 11 62512249.
E-mail address: mfalmeida@uol.com.br (M.F. Almeida).

lotor) and coyotes (Canis latrans) were successful in elimi-
nating rabies from large areas (Brochier et al., 1991; Pastoret
et al., 1988; Hanlon et al., 1998; MacInnes et al., 2001).
In countries where progress has been made in terms of

human rabies prevention, bats have been responsible by a
significant proportion of human infections. In the USA, from
1990 to 2000, 30 of the 32 human rabies caseswere associated
with insectivorous bat rabies virus variants (CDC, 2000).
In Latin America, the hematophagous bat (Desmodus ro-

tundus) is one of the main reservoirs of rabies virus and caus-
ing heavy economic losses in livestock annually. Currently,
the control of rabies transmitted by Desmodus rotundus is
performed by bat population reduction using anticoagulants
applied on the backs of targeted vector bats (Linhart et al.,
1972). Due to their habit of hygiene, the anticoagulant agent
is spread among the colony, killing between 10 and 20 bats
per vector bat (Greenhall, 1965). The use of anticoagulants is
still very controversial. Some investigators have proved them
tobe successful (Arellano-Sota, 1988)while for others the an-
ticoagulants have been shown to produce moderate success.

0168-1702/$ – see front matter © 2005 Published by Elsevier B.V.
doi:10.1016/j.virusres.2005.03.013
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VACCINATION OF VAMPIRE BATS USING RECOMBINANT
VACCINIA-RABIES VIRUS

Alvaro Aguilar-Setién,1,4 Yolanda Leon Campos,1 Emiliano Tesoro Cruz,1 Roberto
Kretschmer,1 Bernard Brochier,2 and Paul-Pierre Pastoret3
1 Unidad de Investigación Médica en Inmunologı́a, Coordinación de Investigación Médica, Instituto Mexicano del
Seguro Social, Centro Médico Nacional Siglo XXI, Hospital de Pediatrı́a, Av. Cuauhtemoc 330, Col. Doctores, 06725
México D.F., Mexico
2 Institut Pasteur (Belgium), 642 Rue Engeland, B-1180 Brussels, Belgium
3 Department of Immunology-Vaccinology, Faculty of Veterinary Medicine, University of Liège, B43 bis, Sart Tilman,
4000 Liège, Belgium
4 Corresponding author (email: aaguilas@data.net.mx)

ABSTRACT: Adult vampire bats (Desmodus rotundus) were vaccinated by intramuscular, scarifi-
cation, oral, or aerosol routes (n!8 in each group) using a vaccinia-rabies glycoprotein recom-
binant virus. Sera were obtained before and 30 days after vaccination. All animals were then
challenged intramuscularly with a lethal dose of rabies virus. Neutralizing antirabies antibodies
were measured by rapid fluorescent focus inhibition test (RFFIT). Seroconversion was observed
with each of the routes employed, but some aerosol and orally vaccinated animals failed to
seroconvert. The highest antibody titers were observed in animals vaccinated by intramuscular
and scarification routes. All animals vaccinated by intramuscular, scarification, and oral routes
survived the viral challenge, but one of eight vampire bats receiving aerosol vaccination suc-
cumbed to the challenge. Of 31 surviving vaccinated and challenged animals, nine lacked de-
tectable antirabies antibodies by RFFIT (five orally and four aerosol immunized animals). In
contrast, nine of 10 non-vaccinated control bats succumbed to viral challenge. The surviving
control bat had antiviral antibodies 90 days after viral challenge. These results suggest that the
recombinant vaccine is an adequate and safe immunogen for bats by all routes tested.

Key words: Rabies, recombinant vaccinia-rabies, vaccination, vampire bats.

INTRODUCTION

Rabies is a fatal viral encephalitis that
affects wild and domestic homeothermic
species, including humans (Soulebot et al.,
1982). While rabies in domestic animals
has been controlled in industrialized coun-
tries by parenteral vaccination (Acha and
Arambulo, 1985), rabies in wildlife has
been more difficult to control and has re-
mained an important public health prob-
lem (Brochier et al., 1989). Even countries
that have successfully controlled domestic
animal rabies still face the threat of rabies
virus reservoirs in wild animals such as red
foxes (Vulpes vulpes) in Europe, or rac-
coons (Procyon lotor) and bats in North
America (Toma and Andral, 1977; Rup-
precht et al., 1988; Pastoret et al., 1995).
Strategies for control of sylvatic rabies
have been concentrated on development
of practical methods of oral vaccination of
wild rabies reservoir species. Oral bait vac-
cination of foxes led to virtual elimination

of sylvatic rabies in Europe (Brochier et
al., 1991).

Bats are frequent lyssavirus hosts, and
insectivorous bats play an important role
in the epidemiology of rabies and rabies-
like lyssaviruses (Burns and Farinacci,
1955; Baer and Smith, 1991). Twenty-one
of 36 cases of human rabies reported in
the United States since 1980 were associ-
ated with nonhematophagous bats. Al-
though Eptesicus spp. and Myotis spp. are
the most common insectivorous bat spe-
cies associated with rabies, 15 (71%) of 21
human cases were associated with silver-
haired bats (Lasionycteris noctivagans;
Morimoto et al., 1996; Noah et al., 1998;
Haupt, 1999). In contrast, in Latin Amer-
ica, a single species of hematophagous
bats, the common vampire (Desmodus ro-

tundus), is the primary wild host and vec-
tor affecting human beings and domestic
animals. Since 1975, 500 cases of human
rabies associated with vampire bat species
were reported in Latin America. These
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a b s t r a c t

The objective of this study was to extend the previous work of indirect oral rabies immunization of vampire
bats (Desmodus rotundus) maintained in captivity, which demonstrated the immunogenicity of the V-RG
vaccine (Vaccinia-Rabies Glycoprotein) and indicated that although the results had been encouraging, a
new method for concentrating the vaccine should be tested in order to avoid vaccine loss and increase the
survival proportion of bats after rabies challenge. In this study, three groups of seven bats each were tested
with vaccine concentrated by ultrafiltration through a cellulose membrane. The vaccine was homogenized
in Vaseline paste and applied to the back of one vector bat, which was then reintroduced into its group. A
dose of 105.0 MICLD50 rabies virus was used by intramuscular route to challenge the bats postvaccination.
The survival proportion in the three groups after the challenge was 71.4%, 71.4% and 100%.

© 2008 Elsevier B.V. All rights reserved.

Sixty-four human deaths were reported over two years, of
which the great majority were children, all associated with bat-
transmitted rabies (Brazilian Health Ministry, 2006). This is the
culmination of bat-transmitted human rabies outbreaks in North-
ern Brazil that occurred in 2004 and 2005 (da Rosa et al., 2006;
Barbosa et al., 2008). In Latin America, 102 out of 148 human
rabies deaths reported in the same period were transmitted by
hematophagous bats (OPAS, 2006). In fact, prior to these outbreaks,
the importance of Desmodus rotundus and dogs as the main reser-
voirs of rabies in Brazil had already been established (Favoreto et al.,
2002). In addition, heavy economic loss of livestock in bat-related
rabies cases also occurs in Brazil.

Currently, the control of rabies transmitted by D. rotundus is per-
formed by bat population reduction using anticoagulants spread in
Vaseline paste applied to the backs of some vector bats. The use of
anticoagulant is based on the behavior of D. rotundus bats, which
spend a lot of time cleaning themselves and maintain intense body
contact with all individuals in the colony (Greenhall, 1965). Due to
this behavior, the anticoagulant agent is spread among the colony,
killing between 10 and 20 bats per vector bat (Linhart et al., 1972).
Historically, local elimination of rabies has been largely equated
with reservoir population reduction. However, with relatively few
exceptions, culling alone has not led to the effective control of rabies
(Rupprecht et al., 2006).

∗ Corresponding author. Tel.: +55 11 6251 2666; fax: +55 11 6251 2249.
E-mail address: marilene@prefeitura.sp.gov.br (M.F. Almeida).

The objective of this study was to demonstrate the immuno-
genicity of a recombinant rabies vaccine (RABORAL V-RG) applied
in a neutral vehicle (Vaseline paste) spread on the back of D. rotun-
dus vector bats maintained in captivity, using a different method to
concentrate the vaccine than that described previously (Almeida et
al., 2005b). The hypothesis tested was that given the characteristic
behavior of vampire bats, it was possible that a paste mixed with an
oral vaccine applied on the back of one bat could indirectly protect
other bats from the same colony.

The bats used in this experiment were adults, both males and
females, maintained in cages designed specially for rabies experi-
mental purposes, at the School of Medicine of the University São
Paulo (USP). The adaptation period ranged from 30 to 45 days. The
weight of the bats and the consumption of defibrinated swine blood
were monitored periodically. Once the amount of blood consumed
and body weight were stabilized, the bat was considered adapted
and ready to be introduced into the experiments. Ethical commit-
tee from School of Medicine of the São Paulo University authorized
all proceeding performed in this work. In the end of experi-
mentation, the survivors received adequate amount of anesthesia
(weight/volume) by muscular route (Ketamine® Parke-Davis Pfizer)
for sedation. Bats were sacrificed in Carbon Dioxide Chamber (CO2).

The vaccine used in this experiment was RABORAL V-RG, manu-
factured by Merial Inc. (France, lot 00H472) and developed by Kieny
et al. (1984). This oral vaccine is routinely used to immunize wild
animals in Europe and North America.

The rabies virus variant used in the challenge (BRLDR2918) was
isolated from a naturally infected D. rotundus. Rabies diagnosis for

0168-1702/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
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a b s t r a c t

Bats (Order Chiroptera) are an abundant group of mammals with tremendous ecological value as insec-
tivores and plant dispersers, but their role as reservoirs of zoonotic diseases has received more attention
in the last decade. With the goal of managing disease in free-ranging bats, we tested modified vaccinia
Ankara (MVA) and raccoon poxvirus (RCN) as potential vaccine vectors in the Brazilian Free-tailed bat
(Tadarida brasiliensis), using biophotonic in vivo imaging and immunogenicity studies. Animals were
administered recombinant poxviral vectors expressing the luciferase gene (MVA-luc, RCN-luc) through
oronasal (ON) or intramuscular (IM) routes and subsequently monitored for bioluminescent signal
indicative of viral infection. No clinical illness was noted after exposure to any of the vectors, and limited
luciferase expression was observed. Higher and longer levels of expression were observed with the RCN-
luc construct. When given IM, luciferase expression was limited to the site of injection, while ON expo-
sure led to initial expression in the oral cavity, often followed by secondary replication at another loca-
tion, likely the gastric mucosa or gastric associated lymphatic tissue. Viral DNA was detected in oral
swabs up to 7 and 9 days post infection (dpi) for MVA and RCN, respectively. While no live virus was
detected in oral swabs from MVA-infected bats, titers up to 3.88 x 104 PFU/ml were recovered from oral
swabs of RCN-infected bats. Viral DNA was also detected in fecal samples from two bats inoculated IM
with RCN, but no live virus was recovered. Finally, we examined the immunogenicity of a RCN based
rabies vaccine (RCN-G) following ON administration. Significant rabies neutralizing antibody titers were
detected in the serum of immunized bats using the rapid fluorescence focus inhibition test (RFFIT). These
studies highlight the safety and immunogenicity of attenuated poxviruses and their potential use as vac-
cine vectors in bats.

Published by Elsevier Ltd.

1. Introduction

Over the last few decades, the importance of bats (order Chi-
roptera) in the maintenance and transmission of zoonotic diseases
has become increasingly evident; bats are thought to harbor the
most zoonotic agents per species [1]. The list of pathogens that
infect bats includes the major mammalian paramyxoviruses [2],

coronaviruses [3,4], filoviruses [5–7], distinct influenza lineages
[8,9], hepadnaviruses [10], and hantaviruses [11], as well as lyssa-
viruses such as rabies virus [12,13]. In the United States, bats are
often the most common source of rabies infections in humans
[14], and in Central and South America, rabies transmitted by vam-
pire bats is a serious zoonotic and economic issue [15]. This asso-
ciation between bats and pathogens that significantly impacts
human populations has increased public fear and misunderstand-
ing of these animals and lead to culling campaigns [15–18]. Unfor-
tunately, culling campaigns often lead to the death of valuable
non-target bat species [16] and appear ineffective in reducing
disease incidence [17]. Alternatively, vaccination of other wildlife

http://dx.doi.org/10.1016/j.vaccine.2016.08.088
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⇑ Corresponding author.
E-mail addresses: stading@wisc.edu (B.R. Stading), jorge.osorio@wisc.edu

(J.E. Osorio), dly3@cdc.gov (A. Velasco-Villa), msmotherman@bio.tamu.edu
(M. Smotherman), babakke@wisc.edu (B. Kingstad-Bakke), trocke@usgs.gov
(T.E. Rocke).

Vaccine 34 (2016) 5352–5358

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vaccinePII: SO264-410X(98)00026-7 

Vaccine, Vol. 16, No. 11/12, pp. 1122-1126, 1996 
0 1998 Elsevier Science Ltd. All rights reserved 

Printed in Great Britain 
0264-410X/96 $19+0.00 

Experimental rabies infection and 
oral vaccination in vampire bats 
(Desmodus rotundus) 

Alvaro Aguilar Sktien”, Bernard Brochierj-‘, Noel Tordol, Octavia De Paz§, 
Philippe DesmettreYI, Daniel Pkharprk /( and Paul-Pierre Pastoret”f 

A rabies virus variant isolated from a vampire bat (Desmodus rotundus) and charac- 
terized by genome sequencing was used for the standardization of an experimental 
infection in this species. The parenteral administration of 10’ MICLDsO of this variant 
was capable of inducing death from rabies in 89% of animals. The mean duration of 
post-challenge survival was 12 days. None of the experimental rabid vampire bats 
showed aggressive behaviourA vaccinia-rabies glycoprotein recombinant virus vaccine 
was administered orally to vampire bats on days - 120, - 90, -30 or - 18 
pre-challenge, on the same day of challenge, or on day +.5 post-challenge. A significant 
protection was noticed only in animals vaccinated on days - 18 or -30 pre-challenge. 
A longer period of incubation was observed in animals vaccinated 5 days post- 
challenge. 0 1998 Elsevier Science Ltd. All rights reserved 

Keywords: rabies; vampire bat (Desmodus rotundus); vaccinia-rabies glycoprotein recombinant virus; vaccination 

In tropical and subtropical latin american countries, 
the major sylvatic rabies vector is the vampire bat 
(Desmodus rotundus)‘,*. This species is responsible for 
heavy losses in livestock and is increasingly involved in 
human rabies transmission’. Presently, the control of 
sylvatic rabies is attempted by reducing hematophagous 
bat populations by poisoning with anticoagulants, by 
pre-exposure immunization of cattle, and preventive 
vaccination and post-exposure treatments in humans4. 
Bat population reduction has been accomplished by 
systemic anticoagulant treatment in cattle (bats feeding 
on treated animals are poisoned) and anticoagulants 
administered on the back of captured bats (allog- 
rooming behaviour results in poisoning of congene- 
rics)5-7. During recent years, most of the research on 
the control of sylvatic rabies has concentrated on 
developing methods of oral vaccination of wild rabies 

*Unitad de lnvestigacion MBdica en Immunologia, Coordi- 
nation de Investigation, lnstituto Mexican0 del Seguro 
Social, Apartado Postal 73-032, 03020 M6xico D.F., 
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vectors”.‘. In Europe, three types of vaccine were 
developed and extensively used in the field”‘: SAD 
(Street Alabama Dufferin) attenuated strains of rabies 
virus (SAD B19, SAD bern and SAD P5-88), avirulent 
mutants of the SAD bern strain (SAG1 and SAG2)” 
and a recombinant vaccinia virus which expresses the 
immunizing glycoprotein of rabies virus (V-RG)“,‘“. 
Between 1989 and 1995, about 8.5 million V-RG 
vaccine doses have been dispersed in western Europe 
for the vaccination of red foxes (I/ulpes vulpes) and in 
the USA for the vaccination of raccoons (Procyon 
lotor) and coyotes (Can& futruns)‘4. 

Programmes of oral vaccination of wild vectors have 
led to the elimination of sylvatic rabies from large 
areas, which have consequently been freed from 
vaccination”‘.‘“. In a preliminary study, the authors have 
shown that the V-RG is innocuous to vampire bats 
whatever the route of administration (scarification, 
oral, parenteral and aerosol) (unpublished data). In 
this work, a rabies virus variant isolated from a 
vampire bat and characterized by genome sequencing” 
was used for the standardization of an experimental 
infection in this species. The authors have evaluated 
the efficacy of the V-RG vaccine, administered orally, 
to protect vampire bats against rabies. 

METHOD 

Animals 

Vampire bats were captured in an area where 
sylvatic rabies is not documented (state of San Luis 
Potosi, Mexico). Captures were performed with 
Japanese nets placed around cattle corrals. 

- poison +	oral	rabies	vaccine



Summary	and	Implications
• Host	genetics	&	viral	phylogeography
can	provide	insights	into	the	
mechanisms,	routes	and	speed	of	viral	
invasions

• Male	dispersal	allows	viral	spread	across	
landscape

• Forecast	viral	invasion	to	rabies	free	areas

• New	risks	to	livestock,	humans	and	
wildlife	that	are	bitten	by	Desmodus

• Need	to	support	epidemiological	
surveillance	&	explore	new	strategies	for	
rabies	prevention	and	control	
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