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ABSTRACT
Introduction: Bats are one of the most important reservoirs and vectors of the rabies virus 
in the world. Methods: From 1988 to 2003, the Zoonosis Control Center in São Paulo 
City performed rabies diagnosis on 5,670 bats by direct immunofluorescent test and mouse 
inoculation test. Blood samples were collected from 1,618 bats and the sera were analyzed 
using the rapid fluorescent focus inhibition test to confirm rabies antibodies. Results: Forty-
four (0.8%) bats were positive for rabies. The prevalence of rabies antibodies was 5.9% using 
0.5IU/ml as a cutoff. Insectivorous bats (69.8%) and bats of the species Molossus molossus 
(51.8%) constituted the majority of the sample; however, the highest prevalence of antibodies 
were observed in Glossophaga soricina (14/133), Histiotus velatus (16/60), Desmodus rotundus 
(8/66), Artibeus lituratus (5/54), Nyctinomops macrotis (3/23), Tadarida brasiliensis (3/48), 
Carollia perspicillata (3/9), Eumops auripendulus (2/30), Nyctinomops laticaudatus (2/16), 
Sturnira lilium (2/17) and Eumops perotis (1/13). The prevalence of rabies antibodies was 
analyzed by species, food preference and sex. Conclusions: The expressive levels of antibodies 
associated with the low virus positivity verified in these bats indicate that rabies virus circulates 
actively among them.
Keywords: Rabies. Chiropteran. Diagnostic. Seroprevalence. Brazil.

RESUMO
Introdução: Morcegos são um dos mais importantes reservatórios e vetores do vírus da raiva 
no mundo. Métodos: No período entre 1998 e 2003, o Centro de Controle de Zoonoses 
da Cidade de São Paulo realizou o diagnóstico de raiva em 5.670 morcegos utilizando as 
técnicas de imunofluorescência direta e inoculação intracerebral em camundongos. Sangue 
foi coletado de 1.618 espécimes para pesquisa de anticorpos pela técnica de inibição de foco 
de fluorescência rápida. Resultados: Quarenta e quatro (0,8%) morcegos foram positivos 
para raiva. A prevalência de anticorpos foi de 5,9% usando 0,5UI/ml como ponto de corte. 
Os morcegos de hábito alimentar insetívoro (69,8%) e os morcegos da espécie Molossus 
molossus (51,8%) representaram a maioria da amostra. Entretanto, as mais altas prevalências 
de anticorpos foram observadas nos morcegos Glossophaga soricina (14/133), Histiotus 
velatus (16/60), Desmodus rotundus (8/66), Artibeus lituratus (5/54), Nyctinomops macrotis 
(3/23), Tadarida brasiliensis (3/48), Carollia perspicillata (3/9), Eumops auripendulus (2/30), 
Nyctinomops laticaudatus (2/16), Sturnira lilium (2/17) e Eumops perotis (1/13). A prevalência 
de anticorpos foi analisada por espécie, hábito alimentar e sexo. Conclusões: O expressivo 
nível de anticorpos associado à baixa positividade para o vírus da raiva entre os morcegos 
estudados indica que o vírus circula ativamente entre morcegos. 
Palavras-chaves: Raiva. Quiróptero. Diagnóstico. Soroprevalência. Brasil.

In recent decades, there have been frequent case 
reports of rabies in bats, which are one of the main 
virus reservoirs in many countries around the world1. 
Several reports have confirmed the rabies virus in 
both hematophagous and nonhematophagous bats; 
the former are responsible for rabies outbreaks in 
Latin America2 and the latter for sporadic rabies 
transmission to humans3,4.

Data from the Pan-American Health Organization 
(PAHO)5 revealed 678 reported cases of bat-
transmitted human rabies in Latin America from 
1990 to 2010. Considering only the 240 human 
cases transmitted by bats during the period 1996-
2010, 74% were transmitted by hematophagous 
bats, 6.7% by nonhematophagous bats and in 19.6%, 
identification of the species was not registered2,5. 

In Brazil, between 2001 and 2010, 1,305 
cases of rabies in bats were notified, 815 (62.5%) 
involving nonhematophagous bats, 303 (23.2%) 
in hematophagous bats and in 187 (14.3%) bats, 
identification of the species was not confirmed5. The 
rabies virus has already been isolated in 41 of the 172 
species that live in Brazil6. 

The purpose of this work was to report the 
diagnosis of rabies in bats conducted from 1988 to 
2003 on samples collected in the State of São Paulo, 
Brazil and serology for rabies antibodies performed 
from 1992 to 2003. 

METHODS

From 1988 to 2003, the rabies laboratory of 
the São Paulo Zoonosis Control Center (CCZ-SP) 
received 5,834 bats for rabies diagnosis from citizens 
and other zoonosis centers in the State of São Paulo. 
Among these, 164 bats were unsuitable for diagnosis 
(autolysis, alcohol, etc). Diagnosis was performed on 
the brain of 5,670 bats by fluorescent antibody test 
(FAT)7 and mouse inoculation test (MIT)8.
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TABLE 1 - Rabies diagnosis in bats, according to species, year, sex and food preference, State of São Paulo, Brazil, 1988 to 2003.

		  Positives	 Cities from State			   Food 	 Positivity 

Year	 Total	  samples	 of São Paulo 	 Species identification	 Sex	 preference	 %

1988	 44	 1	 São Paulo	 Nyctinomops macrotis	 F	 insectivorous	 2.3

1989	 23	 0	 -	 -	 -	 -	 -

1990	 58	 1	 São Paulo	 Nyctinomops macrotis	 F	 insectivorous	 1.7

1991	 69	 0	 -	 -	 -	 -	 0.0

1992	 90	 0	 -	 -	 -	 -	 0.0

1993	 113	 0	 -	 -	 -	 -	 0.0

1994	 96	 1	 Ribeirão Pires	 Myotis nigricans	 M	 insectivorous	 1.0

1995	 129	 1	 Jundiaí	 Lasiurus blossevillii 	 M	 insectivorous	 0.8

1996	 557	 1	 Itapira	 Carollia perspicillata	 F	 frugivorous	 0.2

1997	 643	 4	 Ribeirão Pires	 Histiotus velatus	 F	 insectivorous	

			   São Paulo	 Lasiurus cinereus	 F	 insectivorous	

			   Santa Branca	 Desmodus rotundus	 M	 hematophagous	

	  		  Mairinque	 Histiotus velatus	 F	 insectivorous	 0.6

1998	 588	 0	        -	          -	 -	        -	 0.0

1999	 536	 3	 São Paulo	 Tadarida brasiliensis	 F	 insectivorous	

			   São Paulo	 Myotis nigricans	 F	 insectivorous	

	  		  São Paulo	 Tadarida brasiliensis	 M	 insectivorous	 0.6

2000	 675	 3	 São Paulo	 Artibeus lituratus	 F	 frugivorous	

			   Santo André	 Artibeus lituratus	 M	 frugivorous	

 	  	  	 Cotia	 Artibeus lituratus	 F	 frugivorous	 0.4

2001	 516	 2	 São Paulo	 Tadarida brasiliensis	 M	 insectivorous	

 	  	  	 São Paulo	 Histiotus velatus	 F	 insectivorous	 0.4

2002	 684	 15	 Jundiaí	 Desmodus rotundus	 F	 hematophagous	

			   Guarulhos	 Eptesicus brasiliensis	 F	 frugivorous	

			   São Paulo	 Histiotus velatus	 F	 insectivorous	

			   São Paulo	 Histiotus velatus	 F	 insectivorous	

			   São Paulo	 Histiotus velatus	 F	 insectivorous	

			   São Paulo	 Histiotus velatus	 M	 insectivorous	

			   Jundiaí	 Tadarida brasiliensis	 F	 insectivorous	

			   São Paulo	 Tadarida brasiliensis	 M	 insectivorous	

			   Jundiaí	 Artibeus lituratus	 M	 frugivorous	

			   Jundiaí	 Artibeus lituratus	 F	 frugivorous	

			   São Paulo	 Tardarida brasiliensis	 M	 insectivorous	

			   Santo André	 Lasiurus ega	 M	 insectivorous	

			   Itu	 Lasiurus cinereus	 F	 insectivorous	

			   São Paulo	 Nyctinomops macrotis	 M	 insectivorous	

 	  	  	 Jundiaí	 Eptesicus furinalis	 F	 frugivorous	 2.2
2003	 849	 12	 Santo André	 Myotis sp	 F	 insectivorous	
			   Jundiaí	 Tadarida brasiliensis	 M	 insectivorous	
			   Jundiaí	 Myotis nigricans	 F	 insectivorous	 1.4
			   Santo André	 Myotis nigricans	 F	 insectivorous	
			   São Paulo	 Tadarida brasiliensis	 F	 insectivorous	
			   São Paulo	 Nyctinomops macrotis	 M	 insectivorous	
			   Votuporanga	 Artibeus lituratus	 F	 frugivorous	
			   São Paulo	 Nyctinomops macrotis	 M	 insectivorous	
			   Jundiaí	 Nyctinomops laticaudatus	 F	 insectivorous	
			   São Paulo	 Nyctinomops macrotis	 F	 insectivorous	
			   Cotia 	 Lasiurus ega	 M	 insectivorous	
			   Jundiaí	 Eptesicus sp	 F	 insectivorous	
Total 	 5,670	 44

F: female, M: male.	  	  	  	  	  

Of the total number of received bats, 
1,618 were alive. After weighting, the 
bats were anesthetized with ketamine 
hydrochloride (Ketamina), which 
was injected into the pectoral muscle, 
considering weight and volume. Blood 
was collected by cardiac punction of the 
bats and the sera were analyzed for rabies 
virus neutralizing antibody (VNA) using 
the rapid fluorescent focus inhibition test 
(RFFIT)9. The cutoff point was 0.5IU/ML. 
Euthanasia of the bats was performed in a 
CO2 chamber following blood collection.

Statistical analysis was performed using 
the uncorrected Chi square test, contained 
in the software Epi-Info 6.0 (CDC, Atlanta, 
GA, USA).

Ethical considerations
The Scientific Committee of the 

CCZ-SP authorized all the proceedings 
performed in this work. The capture of bats 
was authorized by a Brazilian institution 
responsible for wild animal care (Instituto 
Brasileiro do Meio Ambiente, IBAMA).

Rabies diagnosis
Forty-four (0.8%) bats were positive 

for rabies by FAT and MIT tests among 
the 5,670 samples analyzed, 45.5% of these 
were from City of São Paulo and 54.5% 
from another seven cities in the State of 
São Paulo. The incubation period for MIT 
ranged from 6 to 29 days (Table 1).

Regarding the circumstances of the 
location of the 44 positive bats, 24 were 
captured inside houses or commercial 
buildings, ten were collected on the ground, 
three specimens were capture in fruit trees, 
three bats were captured by mist nets on 
farms (two Desmodus rotundus and one 
Carollia perspicillata) and one specimen 
was captured by children during flight. In 
three cases, this data was not available.

The rabies-positive bats belonged 
to three fami l ies  and 14 species: 
Vespertilionidae family (19 bats from six 
species), Molossidae family (16 bats from 
four species) and Phyllostomidae family 
(nine bats from four species). Sixteen were 
males and 28 were females. Rabies positivity 
year-by-year is presented in Table 1.

Rabies serology
Virus neutralizing antibody prevalence 

was 5.9% in the RFFIT test (96 sera 
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TABLE 2 - Rabies antibodies prevalence in bats according to year and food preference, City of São Paulo, 
Brazil, 1992-2003.
		                                              Food prevalence
Year	 insectivorous 	 phytophagous 	 hematophagous 	 not identified	 total	 Prevalence (%)
1992-1995	 83	 28	 0	 0	 111	 9.9
1996	 218	 25	 0	 5	 248	 2.8
1997	 259	 21	 6	 8	 294	 3.7
1998	 124	 64	 5	 13	 206	 3.9
1999	 100	 39	 17	 59	 215	 2.8
2000	 62	 32	 11	 23	 128	 2.3
2001	 54	 13	 6	 2	 75	 10.7
2002	 128	 24	 9	 12	 173	 23.1
2003	 102	 45	 14	 7	 168	 1.8
Total 	 1,130	 291	 68	 129	 1,618	 6.7

TABLE 3 - Rabies antibodies prevalence in bats according to species identification, City of  São 
Paulo, Brazil, 1992-2003.

			   Reagents	 Prevalence

Family	 Species identification	 Total	 number	 %

Molossidae	 Cynomops planirostris	 1	 0	 0.0

	 Eumops auripendulus	 30	 2	 6.7

	 Eumops glaucinus	 6	 0	 0.0

	 Eumops perotis	 13	 1	 7.7

	 Eumops sp.	 1	 0	 0.0

	 Molossops neglectus	 2	 0	 0.0

	 Molossus molossus	 839	 27	 3.2

	 Molossus rufus	 42	 1	 2.4

	 Molossus sp.	 6	 1	 16.7

	 Nyctinomops aurispinosus	 1	 0	 0.0

	 Nyctinomops laticaudatus	 16	 2	 12.5

	 Nyctinomops macrotis	 23	 3	 13.0

	 Promops nasutus	 5	 0	 0.0

	 Tadarida brasiliensis	 48	 3	 6.3

	 Eptesicus brasiliensis	 13	 0	 0.0

Vesperstilionidae	 Eptesicus furinalis	 1	 0	 0.0

 	 Histiotus velatus	 60	 16	 26.7

	 Lasiurus cinereus	 2	 0	 0.0

	 Lasiurus ega	 2	 0	 0.0

	 Lasiurus sp.	 2	 0	 0.0

	 Myotis albescens	 1	 0	 0.0

	 Myotis nigricans	 16	 0	 0.0

Total insectivorous		  1,130	 56	 4.9

Phyllostomidae	 Artibeus fimbriatus	 4	 0	 0.0

	 Artibeus lituratus	 54	 5	 9.3

	 Artibeus obscurus	 1	 0	 0.0

	 Carollia perspicillata	 9	 3	 33.3

	 Platyrrhinus lineatus	 66	 2	 3.0

	 Sturnira lilium	 17	 2	 11.8

Total frugivorous		  151	 12	 7.9

	 Anoura caudifer	 6	 0	 0.0

	 Anoura geoffroyi	 1	 0	 0.0

	 Glossophaga soricina	 133	 14	 10.5

Total nectarivorous		  140	 14	 10.0

	 Desmodus rotundus	 66	 8	 12.1

	 Diphylla ecaudata	 2	 0	 0.0

Total hematophagous		  68	 8	 11.

 	 Without identification	 129	 6	 4.6

Total		  1,618	 96	 5.9

samples). Prevalence according year and food 
preference of bats is presented in Table 2. Among 
the 96 reagent sera, only three bats were positive for 
FAT and MIT techniques (three bats of the species  
H. velatus in 2002).

Among the 1,618 bats submitted to rabies serology, 
65.8% of them were captured in the city of São Paulo 
and 34.2% in other cities in the State of São Paulo.

Predominance of insectivorous bats (69.8%) 
was observed every year throughout the period. 
Phytophagous (nectarivorous and frugivorous) 
represented 18% and hematophagous bats represented 
4.2%. Thirty species of bats were identified and the 
insectivorous bat Molossus molossus (51.8%) was 
predominant. Rabies antibody prevalence according 
species is presented in Table 3.

Distribution according sex confirmed 62 out 
of 896 females and 34 out of 559 males with rabies 
antibody titers. For 163 specimens this information 
was not available. Throughout the entire period, the 
number of females was higher than males; however, 
this difference was not significant (x² = 0.39; 
p = 0.05). Seroprevalence was 6.9% among females 
and 6.1% among males.

The conditions of big cities seem appropriate for 
the permanence of bats, given the lack of predators, 
large quantities of food and adequate shelters. 
These factors are common in urban ecosystems. 
In this work, insectivorous bats from Molossidae 
and Vespertilionidae families represented the 
majority of the sample. This was expected, because 
urban ecosystems, like the city of São Paulo, are 
especially favorable to insectivorous bats due to the 
large population of insects attracted to this type of 
environment by street lamp illumination10.

In the majority of the 44 positives cases, bats were 
found in the morning, inside houses or commercial 
buildings or on the ground. Eighteen per cent of the bats 
captured in yards or buildings in South Carolina (USA) 
in the period 1970-1990, were positive for rabies11.
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In disagreement with Hester et al12, who reported that rabies 
prevalence in solitary species submitted for rabies diagnosis in the 
USA and Canada is consistently greater than in colonial species, 
even though the largest number of rabies cases were determined in 
the colonial bat Eptesicus fuscus, in this work, only six of the rabies-
positive bats were from solitary species. In our sample, prevalence 
seems be more directly related to species habit in urban areas, which 
use cramped locals as shelter with intense body contact among 
individuals, than solitary or colonial species.

It is likely that some of the bats detected as rabies-positive were 
sent for rabies diagnosis and species identification because the people 
who found them had some knowledge concerning the potential 
risk involving bats and rabies transmission. Bats collected by the 
public are often sick or injured and therefore represent a biased 
subpopulation of bats more likely to be infected with rabies, such that 
rabies prevalence tends to be higher11,13,14. In studies where presumed 
healthy bats captured during flight were screened for the rabies virus, 
prevalence is consistently reported as less than 2%12. 

Every day the CCZ-SP receives complaints from citizens in 
relation to bats, citing the noise, the smell of urine and excrement they 
produce or simply their presence. The population has been oriented 
continually not to handle these animals and to communicate with 
the health authorities when a bat is found in an atypical situation, 
such as flying during the day, paralyzed or moribund, incapable of 
flying or exposed to sunlight. At the CCZ-SP, information regarding 
rabies and bats has been publicized for more than 20 years, but to the 
public, the ecological role of these animals remains largely unknown 
and public opinion concerning them is generally based on prejudice, 
fear and erroneous concepts. 

The prevalence of the rabies virus observed in this study (0.8%) 
may not be representative of the reality of the bat population in 
urban areas, because the majority of the bats were received due to 
citizens’ complaints (passive surveillance). However, other reports 
in the State of São Paulo showed similar prevalence in bats: 1.2% in 
the northwestern region from 1993 to 200715, 1.3% in the northern 
and northwestern areas from 1997 to 200216 and 1.6 in the western 
region from 1996 to 200317.

While in other regions of the State of São Paulo, the most 
common species confirmed with rabies were the frugivorous bat  
A. lituratus and the insectivorous bats M. nigricans15,16, in this work, 
four species predominated: T. brasilienses (19.2%) H. velatus (15.9%), 
N. macrotis (13.6%) and A. lituratus (13.6%), while M. nigricans 
represented 9.1%. Regarding H. velatus, five of the six positive cases 
were found in one colony in 2001/200218.

An increase in the number of bats forwarded for diagnosis in 
this laboratory has been observed since 1989 and this could be the 
outcome of an increase in the bat population in urban areas due to 
the degradation of their natural areas, as well as the publicizing and 
divulgation of positive rabies cases. The increase in the number of cases 
of rabies-positive bats registered mostly reflects the increasing interest 
concerning the disease than any real increase in disease incidence19.

Rabies infections of bats can occur during interspecies 
interaction, possibly by sharing shelters. In nature, bites among bats, 
the main mechanism of rabies transmission, are frequently observed; 
although rabies virus in bats involves a variety of transmission and 
maintenance mechanisms in addition to biting: aerosols20, drinking 
milk infected with rabies virus21, transplacental transfer and prenatal 
infection13,22.

Low rabies virus prevalence in bats associated with higher rabies 
antibody prevalence has been reported in the literature. Few studies 
exist concerning rabies seroprevalence in bats and in these studies the 
prevalence has shown extensive differences in the results, between 
2.2% and 80%. The presence of rabies antibodies has been detected by 
different serological techniques in numerous bats species, collected 
in their habitats or in urban shelters23-27.

Price & Everard23 observed seroprevalence of 8.6% in 439 sera 
samples. The highest prevalence (29.4%) was observed in Artibeus 
planirostris (formerly A. jamaicensis). Steece & Altenbach13 reported 
antibodies in 514 of 750 sera of Tadarida brasiliensis. Aghomo et al24 
verified rabies antibodies in five out of 50 frugivorous bats Eidolon 
helvum (10%) from Nigeria, Africa. Jiang et al26 tested for rabies 
antibodies in sera from 685 bats of eight species from China and the 
total seroprevalence was 2.2%, 2.3% for frugivorous bats and 1.8% 
for insectivorous bats. 

Shankar et al28 detected VNA in five (14.3%) out of 35 
insectivorous bats Eptesicus fuscus and Salas-Rojas et al25 examined 
151 sera from nonhematophagous bats of 16 species and the 
seroprevalence determined was 37%. VNA were determined in 12 
nonhematophagous bat species. The three species with the largest 
sample size and prevalence were Artibeus planirostris (formerly named 
A. jamaicensis) (14/34), Sturnira lilium (14/37) and Glossophaga 
soricina (8/20).

The high prevalence of rabies antibodies observed in this study in 
insectivorous bats Histiotus velatus is related to one colony of 42 bats, 
in which five rabies-positive cases were detected (12%). Thirty-eight 
sera were collected and 16 presented antibody titers above 0.5IU/
ml. Elevated seropositivity with high titers, like that observed in this 
colony, demonstrates a recent outbreak18. 

Regarding C. perspicillata and G. soricina, the presence of rabies 
antibodies could be related to the fact that these species share shelters 
with D. rotundus, a species frequently involved in rabies cases in Brazil; 
however, each species has their own niche inside the shelter with no 
interspecies relation. A. lituratus are colonial frugivorous bats that 
show aggressive behavior. At the CCZ-SP, these bats are frequently 
observed with visible scars on the wings compatible with bites, the 
main mechanism for rabies virus transmission. Bats Nyctinomops 
laticaudatus, Nyctinomops macrotis and Tadarida brasiliensis are 
colonial species that use cramped locations as shelters in urban 
areas, with intense body contact among individuals; this fact could 
also be associated with rabies virus transmission and the presence 
of antibodies.

The high prevalence of rabies antibodies in bats and other wild 
animals associated with low prevalence of rabies virus has been 
explained in different ways: exposure to rabies virus shortly after birth13; 
subclinical or asymptomatic infections13,29,30; sublethal infection31-33; 
carrier state34; and latent virus activated by stress30-31,35,36. 

Turmelle et al27 investigated whether roost type (natural or 
artificial) was a significant predictor of rabies seroprevalence in 
insectivorous bats Tadarida brasiliensis. They expected lower immune 
competence from bats in artificial roosts because of the perceived 
stresses associated with anthropogenic disturbances. However, 
while roost type alone was not a significant predictor of rabies 
seroprevalence, seasonal fluctuations in seroprevalence were affected 
by roost type. Increased seroprevalence after parturition in cave 
colonies, related to an influx of susceptible young, was also observed, 
as well as more uniform seroprevalence in artificial colonies.

Almeida MF et al - Rabies in bats from Brazil
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