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ABSTRACT
This publication reports on a rabid dog in São Paulo city, Brazil, with the AgV3 variant of rabies virus related to vampire 
and fruit bats, which is of significant importance to the surveillance of rabies in a region where the typical canine AgV2 
rabies virus has been eradicated.
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RESUMO
Esta publicação relata um caso de um cão raivoso na cidade de São Paulo, Brasil, com a variante AgV3 do vírus da raiva 
relacionada a morcegos vampiros e frugívoros, o que é de grande importância para a vigilância da raiva em uma região 
onde a variante tipicamente canina AgV2 foi erradicada.
Palavras-chave: Raiva. Cão. Morcego. Brasil. Re-emergência.
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On August 27, 2023, a young female stray dog with an 
unknown history of vaccination was rescued from the streets 
by a veterinarian on the Western side of São Paulo city, 
Brazil (23°35’32” S 46°46’19” W), presenting neurological 
signs such as circling and convulsions, with a presumptive 
diagnosis of canine distemper. The dog was then taken to a 
veterinary practice, where it ended up biting five people. As its 
condition deteriorated, it was euthanized on the following 
day and necropsied at the School of Veterinary Medicine, 
University of São Paulo (FMVZ-USP). Gross pathology 
indicated brain hemorrhage and the central nervous system 
(CNS) was sent to the Rabies Laboratory at FMVZ-USP.

The direct fluorescent antibody test (dFAT) for Lyssavirus 
rabies (RABV) antigens (Dean et al., 1996) on impressions 
of brain stem, cerebellum, cortex, and hippocampus all 
yielded negative results. However, a positive result for qPCR, 
based on Hayman et al. (2011), was found for the brain 
stem and cerebellum (Cq=27) but negative for the cortex 
and hippocampus. Isolation in N2A cells (Webster & Casey, 
1996) after one passage produced an inconclusive result.

RABV RNA was confirmed by Sanger sequencing of 
the qPCR amplicon, but due to the short length of the 
sequence (53nt), the RABV lineage could not be determined 
then. Sanger sequencing of a partial G gene amplicon 
(Sato et al., 2004) obtained from the brain stem (GenBank 
Accession #OR604581) showed that the RABV strain is in 
the AgV3 Desmodus rotundus/ Artibeus sp. cluster.

Upon notification to the Pasteur Institute, Brazil, the 
five people bitten by the dog were submitted to the rabies 
post-exposure prophylaxis (PEP) with four doses of rabies 

vaccine and human anti-RABV IgG or equine hyperimmune 
rabies antiserum regardless of their Pre-exposure prophylaxis 
(PrEP) status.

In a 500-m radius from the location where the dog was rescued, 
1,836 houses were visited, and 1,148 dogs and 368 cats were 
vaccinated by the staff of the Health Surveillance Coordination 
(COVISA), São Paulo City, which also conducted an active 
search for possible further people in contact with the dog.

The CNS sample was also positive for Canine distemper 
virus (CDV) by PCR (Silva et al., 2023), with a wild-type, 
vaccine-unrelated strain confirmed by Sanger sequencing 
(GenBank Accession #OR604582), a finding already reported 
for wild animals (Moessner et al., 2023).

At the moment, two human cases of rabies have been 
reported in Brazil in 2023, one caused by the marmoset-
transmitted Callithrix jacchus lineage and another one 
by the AgV3 transmitted via contact with a rabid bovine. 
However, in 2021, a 2-year-old boy died due to AgV2, the 
typical canid RABV lineage in Brazil, transmitted by a 
crab-eating fox (Cerdocyon thous) (Brasil, 2023).

AgV3, related to D. rotundus, is the most common RABV 
variant found in the country, mainly in cattle on which this vampire 
bat forages. However, domestic dogs and cats have also been 
reported as hosts for this variant, possibly transmitted by Artibeus 
sp fruit bats. A human case of rabies with AgV3 transmitted 
by a cat was reported in 2019, illustrating the so-called change 
in the epidemiological profile of rabies in Brazil.

Regarding the mode of transmission of AgV3 in this 
case, a plausible explanation is the dog’s direct contact with 
a rabid Artibeus sp fruit bat due to predatory or exploratory 
behavior, as D. rotundus is not commonly found in the 
city, and Aribeus sp might feed on fruit trees that might be 
found in the area where the case was detected.

The AgV2 canine RABV last occurred in São Paulo city 
in 1983 after mass dog vaccination campaigns that ceased 
only in 2020, and the last report of this variant in the State 
of São Paulo was in 1998 in the Northwestern region of 
the State (Queiroz et al., 2012). Nonetheless, from 2002 to 
2022, 14 dogs and 22 cats with RABV bat variants were 
found in the state. Specifically, all dogs and 17 cats were 
identified with AgV3. In comparison, an additional four 
cats were found to have Nyctinomops sp. (n=3) and Myotis 
sp. (n=1) RABV bat lineages, while the lineage from the 
remaining cat could not be determined (Castilho et al., 
2018; Horta et al., 2022; Lima et al., 2023).

These results indicate that dFAT and isolation tests for 
RABV might lead to false-negative results when virus load 
is low, stressing the need for qPCR of samples of dogs with 
neurological signs in order to improve RABV detection 
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and the guidance to post-exposure prophylaxis in humans. 
The presence of AgV3 in domestic animals requires public 
health authorities to re-evaluate surveillance strategies as 
new cases are being introduced in areas where, for many 
years, AgV2 has not been detected.

The interference of CDV on the replication of RABV 
and its implications as an eclipsing disease for rabies, if 
any, remains to be investigated.

Conflict of Interest
The authors declare that there is no conflict of interest.

Ethics Statement
Does not apply, as the samples from the dog were 

received as a part of the Rabies Surveilance Program from 
São Paulo State.

Acknowledgements

The authors thank FAPESP (São Paulo Research Foundation, 
grant #2022/07115-7) and CNPq (Brazilian National 
Council for Scientific and Technological Development, 
grant #302503 2021-8) for their financial support.

References

Brasil. Ministério da Saúde. Raiva humana [Internet]. Brasília: 
Ministério da Saúde; 2023 [cited 2023 Nov 1]. Available from: 
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/r/
raiva/raiva-humana

Castilho JG, Achkar SM, Novaes Oliveira R, Mori E, 
Carnieli Junior P, Macedo CI. Analysis of rabies diagnosis 
in dogs and cats in the state of São Paulo, Brazil. Arch Virol. 
2018;163(9):2369-76. http://doi.org/10.1007/s00705-018-
3829-3. PMid:29740679.

Dean DJ, Abelseth MK, Atanasiu P. The fluorescent antibody 
test. In: Meslin FX, Kaplan MM, Koprowski H, editors. The 
laboratory techniques in rabies. Geneva: World Health 
Organization; 1996. p. 88-93.

Hayman DT, Banyard AC, Wakeley PR, Harkess G, Marston 
D, Wood JL, Cunningham AA, Fooks AR. A universal 
real-time assay for the detection of Lyssaviruses. J Virol 
Methods. 2011;177(1):87-93. http://doi.org/10.1016/j.
jviromet.2011.07.002. PMid:21777619.

Horta MA, Ledesma LA, Moura WC, Lemos ERS. From 
dogs to bats: concerns regarding vampire bat-borne rabies 
in Brazil. PLoS Negl Trop Dis. 2022;16(3):e0010160. http://
doi.org/10.1371/journal.pntd.0010160. PMid:35239665.

Lima JS, Mori E, Kmetiuk LB, Biondo LM, Brandão PE, 
Biondo AW, Maiorka PC. Cat rabies in Brazil: a growing 
one health concern. Front Public Health. 2023;11:1210203. 
http://doi.org/10.3389/fpubh.2023.1210203. PMid:37538269.

Moessner H, Brunt S, Diaz A, Davis A. Coinfection of canine 
distemper virus and rabies virus in wildlife samples submitted 
for routine rabies testing. J Wildl Dis. 2023;59(2):310-4. 
http://doi.org/10.7589/JWD-D-21-00158. PMid:37074768.

Queiroz LH, Favoretto SR, Cunha EM, Campos AC, Lopes 
MC, de Carvalho C, Iamamoto K, Araújo DB, Venditti LL, 
Ribeiro ES, Pedro WA, Durigon EL. Rabies in southeast 
Brazil: a change in the epidemiological pattern. Arch Virol. 
2012;157(1):93-105. http://doi.org/10.1007/s00705-011-
1146-1. PMid:22033596.

Sato G, Itou T, Shoji Y, Miura Y, Mikami T, Ito M, Kurane 
I, Samara SI, Carvalho AA, Nociti DP, Ito FH, Sakai T. 
Genetic and phylogenetic analysis of glycoprotein of rabies 
virus isolated from several species in Brazil. J Vet Med Sci. 
2004;66(7):747-53. http://doi.org/10.1292/jvms.66.747. 
PMid:15297743.

Silva ML, Caiaffa MG, Costa ALM, Teixeira RHF, Ervedosa 
TB, Machado EF, Suárez PEN, Réssio RA, Borges CC, Jesus 
IP, Carvalho J, Figueiredo KB, Carvalho ACSR, Brandão 
PE, Fernandes NCCA, Guerra JM. Canine distemper virus 
and canine adenovirus type 1 co-infection in a free-hoary 
fox (Lycalopex vetulus) from Brazil. Braz J Microbiol. 
2023;54(1):587-95. http://doi.org/10.1007/s42770-023-
00921-7. PMid:36749535.

Webster WA, Casey GA. Virus isolation in neuroblastoma 
cell culture. In: Meslin FX, Kaplan MM, Koprowski H, 
editors. The laboratory techniques in rabies. Geneva: World 
Health Organization; 1996. p. 96-104.

Financial Support: FAPESP (São Paulo Research Foundation, 
grant #2022/07115-7) and CNPq (Brazilian National 
Council for Scientific and Technological Development, 
grant #302503 2021-8). 

https://doi.org/10.1007/s00705-018-3829-3
https://doi.org/10.1007/s00705-018-3829-3
https://pubmed.ncbi.nlm.nih.gov/29740679
https://doi.org/10.1016/j.jviromet.2011.07.002
https://doi.org/10.1016/j.jviromet.2011.07.002
https://pubmed.ncbi.nlm.nih.gov/21777619
https://doi.org/10.1371/journal.pntd.0010160
https://doi.org/10.1371/journal.pntd.0010160
https://pubmed.ncbi.nlm.nih.gov/35239665
https://doi.org/10.3389/fpubh.2023.1210203
https://pubmed.ncbi.nlm.nih.gov/37538269
https://doi.org/10.7589/JWD-D-21-00158
https://pubmed.ncbi.nlm.nih.gov/37074768
https://doi.org/10.1007/s00705-011-1146-1
https://doi.org/10.1007/s00705-011-1146-1
https://pubmed.ncbi.nlm.nih.gov/22033596
https://doi.org/10.1292/jvms.66.747
https://pubmed.ncbi.nlm.nih.gov/15297743
https://pubmed.ncbi.nlm.nih.gov/15297743
https://doi.org/10.1007/s42770-023-00921-7
https://doi.org/10.1007/s42770-023-00921-7
https://pubmed.ncbi.nlm.nih.gov/36749535

