
Rabies is a viral zoonosis with high mortality rates 
caused by Lyssavirus rabies lineages (rabies virus, 

RABV) (1). Opossums of the genus Didelphis are mar-
supials widely distributed in the Americas, synan-
thropic in urban scenarios, and considered resistant 
to RABV (2). The main urban reservoirs of RABV in 
Brazil are nonhematophagous bats with distinct lin-
eages and epidemiologic aspects (3). In 2021, passive 
surveillance programs detected an unusual case of 
rabies in a white-eared opossum (D. albiventris) by a 
RABV lineage of frugivorous bats of genus Artibeus 
spp. in Campinas, São Paulo state, Brazil, the 10th 
most urbanized city in the country (4). To elucidate 
the dynamics of this spillover, we describe the results 
of passive surveillance for rabies in bats and opos-
sums in Campinas in 2021.

The Study
In 2021, we tested samples of frozen brain tissue  
from 930 bats and 22 opossums for rabies by direct 

fluorescent antibody test and confirmed infection by 
virus isolation in cell culture (5) in Campinas. Fixed 
formalin brain tissue fragments in 15 of these 22 opos-
sums were analyzed by histopathology. In addition, 
for the opossum that tested positive for rabies, we 
performed reverse transcription PCR and subsequent 
phylogenetic analysis of the glycoprotein gene of 
RABV in the frozen brain tissue and conducted im-
munohistochemical analysis for rabies in fixed for-
malin tissues (cerebrum, cerebellum, heart, lungs, 
liver, spleen, kidney, and adrenal glands) (Appendix 
1, https://wwwnc.cdc.gov/EID/article/29/12/23-
0373-App1.pdf; Appendix 2, https://wwwnc.cdc.
gov/EID/article/29/12/23-0373-App2.xlsx). Ethics 
approval was granted by the Ethics Committee in the 
Use of Animals of the School of Veterinary Medicine 
and Animal Science, University of São Paulo (approv-
al no. 8227140222), according to the Ethical Principles 
in Animal Research.

Of the 22 opossums tested for rabies, 1 (4.5%) adult 
female white-eared opossum (D. albiventris) had a pos-
itive result. Death was caused by traumatic lesions in 
10 (45.4%) opossums; 4 (18.2%) of those deaths were 
caused by interspecies interactions with dogs. Of the 
15 opossums analyzed by histopathology, 14 (93.3%) 
were found in the urban zone, inside households 
in densely urbanized areas, or in residences on the  
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Opossums are considered resistant to rabies. Nonhematoph-
agous bats are reservoirs of rabies in urban areas of South 
America. We analyzed bats and opossums tested for rabies 
during 2021 in a highly urbanized city in Brazil to understand 
spillover in an urban setting. Wildlife surveillance is neces-
sary to prevent rabies in humans and domestic animals.
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outskirts of the city; death was caused by traumatic le-
sions in 10 (66.7%) opossums, 4 of those deaths were 
caused by interspecies interactions with dogs. On his-
topathologic examination, we observed no lesions in 
8 opossums, hemodynamic lesions in 4, autolysis in 2, 
and mononuclear meningoencephalitis in the rabies-
positive opossum (Appendix 1 Figure 1). In the rabies-
positive opossum, RABV antigen was detected by 
immunohistochemistry in the cerebrum (Appendix 1 
Figure 2), cerebellum, adrenal gland, liver, and heart. 
The RABV-positive opossum was found in a zoo lo-
cated within a park in the urban center of Campinas 
and demonstrated signs of the paralytic form of RABV 
infection. Phylogenetic reconstruction demonstrated 

that the RABV clustered within the frugivorous fruit-
eating bats (Artibeus spp.) lineage circulating in Brazil 
(GenBank accession no. ON604858) (Figure 1).

During 2021, the frequency of rabies detected in 
bats was 3.2% (30/930). Among the rabies-positive 
bats, 17 (56.7%) were frugivorous species of fruit-
eating bats (Artibeus spp.); the other 13 (43.4%) were 
insectivorous bats of Eptesicus spp., Myotis spp., and 
Tadarida spp. (Appendix 2 Table 3). In total, bats from 
those 4 genera represented 153 (16.4%) of the total bats 
investigated. Bats were tested periodically, and differ-
ent seasonality peaks were noted in frugivorous and 
insectivorous bats (Appendix 1 Figures 5, 6). Rabies-
positive bats were found in the urban perimeter of the 
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Figure 1. Rabies virus G gene phylogenetic tree showing specific clusters for different genera of bats in Brazil and dog-related samples 
in study of naturally acquired rabies in a white-eared opossum, Brazil (red text). The phylogeny was reconstructed by maximum-
likelihood estimation from nucleotide sequences. Bootstrap values of >50% are depicted (1,000 bootstrap replicates). CVS corresponds 
to a fixed strain of the rabies virus. European bat lyssavirus-1 was used as an outgroup. The tree was visualized using iTOL version 6 
(6). GenBank accession numbers are provided for reference sequences.



aturally Acquired Rabies in White-Eared Opossum

municipality of Campinas; 73.3% were found in areas 
of sparse vegetation and 26.7% in areas of remnants of 
vegetation (Appendix 1 Table). We identified bats in a 
regular spatial distribution throughout the city; we ob-
served a small area of concentration in the north and a 
slight concentration of rabies-positive bats in the center 
of the city (Appendix 1 Figure 3). According to genus 
classification, Artibeus spp. bats were found in medium 
and high concentrations and overlapped spatially with 
a high concentration of insectivorous bats. Of note, 
opossums were found near areas of medium to high 
bat concentrations, and the rabies-positive opossum 
was captured in a vegetated area with a high concen-
tration of Artibeus spp. bats (Figure 2). We also found a 
spatial diffusion of Artibeus spp. bats that overlapped 
with the rabies-positive opossum (Appendix 1 Figure 
4), demonstrating a time overlap in August 2021.

Conclusions
Experimental virus inoculation in the 1960s led to 
initial suggestions of resistance to infection by RABV 

in Didelphis spp. opossums. (7). Reports of RABV in 
opossums are scarce; their low body temperature 
(34.4–36.1°C [94–97°F]) and the minimal possibility of 
surviving an attack by a rabid animal have been sug-
gested as probable causes of the low prevalence of this 
disease in opossums in North America, where wild 
carnivorous mammals are natural reservoirs (2). De-
spite the low reports of rabies in opossums, a serop-
revalence study conducted in São Paulo state observed 
a prevalence of RABV of 1.6% (5/312) in Didelphis spp., 
indicating contact between this animal population and 
RABV (8). Neurologic signs demonstrated by the ra-
bies-positive opossum in this study are associated with 
paralytic form rabies, a common form transmitted by 
bats (9), and detection of viral particles in other organs 
indicates a phase of systemic spread. Interspecies in-
teractions with bats in urban centers could be hypoth-
esized as a route of RABV to the opossum, as has been 
observed in recent episodes of RABV in cats in Campi-
nas (10,11). Unlike the scenario described in North 
America (2), opossums might survive interactions with 
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Figure 2. Kernel density map of concentration of Artibeus spp. bats in study of naturally acquired rabies in a white-eared opossum, 
Brazil. The kernel concentration layer of Artibeus is overlapped by layers of high concentration of Eptesicus, Myotis, and Tadarida spp. 
The opossum was found in a vegetated area with a high concentration of Artibeus spp. bats.
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bats. Opossum deaths detected in this study occurred 
in anthropic areas of the city; they were more prevalent 
in homes and were caused by traumatic events, such as 
attacks by dogs, warning of the possible risk for infec-
tion with RABV in domestic animals.

Frugivorous and insectivorous bats are reservoirs 
of RABV in urban centers of South America; bat lin-
eages are replacing RABV canid lineage after suc-
cessful vaccination efforts were adopted in Brazil in 
the dog population (11,12). The spatial distribution 
of captured bats and opossums revealed an overlap 
in habitats between rabies-positive bats and opos-
sums in urban areas. The rabies-positive opossum 
was found in a vegetated area within a very urbanized 
area densely occupied by Artibeus spp. bats; those ar-
eas of dense bat population might create conditions in 
which rabies transmission, and development of new 
hosts and strains, is more tied to ecologic factors than 
to the phylogenetic characteristics of the hosts (13). In 
São Paulo state, vaccination campaigns for dogs and 
cats were discontinued after dog RABV lineages had 
not been detected for >20 years. Spillover cases such as 
those described in this study indicate the importance 
of wildlife mammal surveillance to detect RABV, par-
ticularly in urban areas, where those animals can as-
sume the role of host and act as a source of infection for 
humans. Spatial analysis can be a powerful tool to as-
sist in rabies surveillance. Although some studies have 
conducted mapping of bat populations in cities in Bra-
zil (11,14), such studies are scarce and need structured 
surveillance programs with trained teams. In addition, 
we noted seasonality in the RABV bat genus and in ra-
bies-positive bats; insectivorous bats were commonly 
positive in summer and spring and the frugivorous ge-
nus Artibeus bats were more commonly positive in fall 
and winter, as described by Dias et al. (11).

This case shows that opossums are susceptible to 
rabies and can potentially acquire RABV from bats, as 
was suggested by the ecospatial analysis. Elucidating 
this possibility—through the detection of the dead 
opossum—occurred through integrated surveillance 
involving motivated field and laboratory teams. Our 
findings highlight the need for continuous surveil-
lance of wildlife to clarify the dynamics of zoonotic 
diseases and to prevent their occurrence in humans 
and domestic animals, in agreement with a One 
Health approach.
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Naturally Acquired Rabies in White-Eared 
Opossum, Brazil  

Appendix 1 

Material and Methods 

Material and Local of Analysis: From January to December 2021, frozen brain tissue 

samples of 1,049 bats and 22 opossums were investigated for rabies in Campinas by Direct 

Fluorescent Antibody Test (dFAT) and confirmatory by Virus Isolation in Cell Culture  (VICC). 

Data of the animal, e.g., taxonomic classification, sex, age class, and the address in which they 

were found, were recorded. Of the 1,049 bats, 119 individuals were discarded from analyses for 

inability to rabies test by autolysis or not determined by inconsistency in the diagnostic sheet. In 

addition, tissue fragments fixed in formalin buffered 10% of 15 opossums were collected and the 

necropsy exams were compiled by data from necropsy, causa mortis, gross lesions, and the place 

where the animals were found... The formalin fixed paraffin embedded samples were analyzed 

by histopathology.  The positive opossum was tested additionally to the immunohistochemistry 

(IHC) test for rabies, RT-PCR and sequencing of the glycoprotein gene .  

dFAT and VICC: dFAT was conducted with impression smears made from sections of 

the brain that were fixed with cold acetone ('30'), stained with the anti-rabies antibody conjugate 

(in-house Pasteur Institute) in a humid chamber ('30' at 37°C) and buffered with PBS ('10'). The 

slides were then examined under a fluorescence microscope (Nikon EFD-3) with a 40x objective 

in search of fluorescent antigen-antibody aggregates. The VICC was performed with frozen 

samples of a 20% suspension (mass/volume) of brain tissue, and PBS was obtained by grinding 

with mortar and pestle and centrifuged at 1500 x g (30' at 4°C). The clarified homogenate was 

https://doi.org/10.3201/eid2912.230373
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then inoculated in murine neuroblastoma cells (4x105 cells/mL) in triplicate and the microplate 

was incubated at 37°C in a 5% CO2 humidified incubator for 96 hours. After the incubation 

period, the microplate was fixed and stained as described above and observed in a fluorescence 

microscope (Zeiss Axio Vert.A1) with a 20x objective in search of fluorescent infected cells. 

Histopathology: Fixed samples were embedded in paraffin wax, sectioned at 4 μm-thick, 

and stained with hematoxylin and eosin for histologic analysis. For the CNS analysis, no 

degenerative changes, e.g., vacuolar degeneration and death neurons were considered due to the 

lack of knowledge between the time of death and the postmortem exams and collected 

performance. 

IHC: Deparaffinized 3μm sections of tissues in silanized slides were submitted to 

enzymatic digestion (20' at 37°C) by proteinase K (125mg/ml). Endogenous peroxidase was 

blocked with 6% hydrogen peroxide (30') followed by overnight incubation with mouse 

hyperimmune antiserum polyclonal (in-house - Evandro Chagas Institute, Pará, Brazil) at a 

concentration of 1/2000. The signal was amplified by Polink-2AP Broad Kit (GBI Labs; WA; 

USA) for '60' conjugated to alkaline phosphatase and visualization was achieved by warp red(3′) 

(Polink-2 AP Broad Detection System; GBI Labs, WA, USA, cat. D24–110). The samples were 

counterstained with Harris Hematoxylin (20”), followed by dehydration and slide mounting with 

synthetic resin. Brain mammal tissue fragments known to be positive and confirmed by IHC 

were used as positive controls. The same steps were followed for the negative control, except for 

the primary antibody incubation, replaced by non-immune serum from a mouse. 

RT-PCR and phylogeny: Brain samples were submitted to RNA extraction with TRIzol 

(Thermo Fisher Scientific) following the manufacturer's instructions. Complementary DNA 

synthesis was made using the Superscript VILO cDNA synthesis kit (Thermo Fisher Scientific) 

following the manufacturer's protocol. PCR was performed using Platinum Taq DNA 

Polymerase (Thermo Fisher Scientific), and the primers Ga3222–40 (5′ 

CGCTGCATTTTRTCARAGT 3′) and Gb4119–39 (5′ GGAGGGCACCATTTGGTMTC 3′) 

targeting the glycoprotein gene as described elsewhere (1). Gel electrophoresis was used to 

confirm specific product amplification. The amplicon was purified by an enzymatic method 

(ExoSAP-IT – Thermo Fisher Scientifc), and the BigDye Terminator v3.1 Cycle Sequencing kit 

(Thermo Fisher Scientifc) was used for sequencing reactions. Sequences were obtained in ABI-
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3500. PHRED algorithm was used for base quality analysis of the sequence generated. Values 

equal to or higher than 20 were considered real. Next, the software BioEdit Sequence Alignment 

Editor v. 7.0.3 (2) was used for generating the consensus sequence and multiple alignments. A 

database was built with sequences retrieved from GenBank representative of rabies virus 

lineages circulating in Brazil, and the phylogenetic reconstruction was inferred by Maximum 

Likelihood using PAUP 4.0 (3) with GTR+I+G as an evolutionary model with 1,000 bootstrap 

replicates. European Bat Lyssavirus was used as an outgroup. 

Geospatial Analysis: Bats and opossums locations were georeferenced using an API in 

Google Sheets Geocoding service (4). The geographic coordinates were imported into ArcGIS 

Pro 2.9.5, of which 930 (88.6% of bats) and 18 (81.8% of opossums) locations of animal 

captures were successfully located. After validation, 94 bats (8.96%) and four opossums 

(18.18%) had to be manually geo-edited to ensure the correct locations. Each animal represented 

a point (shapefile) and was categorized according to its taxonomy and outcome diagnosis in the 

thematic maps. Spatial analysis was performed using Kernel estimator density (5). We defined a 

bandwidth of 1,000m to identify the density of bats by genus and overlap its information with the 

Opossum's location. In addition, areas of influence of 50m (buffers) were created around the 

location of the capture of positive animals to identify the presence of vegetation, classified as 

densely vegetated, remnants of vegetation, sparsely vegetated, and very sparsely vegetated, 

ranging from higher to lower arboreal vegetation cover, respectively (see Appendix 1 Table). 
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Appendix 1 Table. Classification of the land use and land cover where the rabies-positive animals were investigated 
Interpretation keys Buffer Bats Opossums 

 

Densely vegetated – 1 positive 

 

Remnants of 
vegetation 

8 (6 Artibeus, 2 
Myotis) 

– 

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30931475&dopt=Abstract
https://doi.org/10.1093/nar/gkz239
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Interpretation keys Buffer Bats Opossums 

 

Sparsely vegetated 15 (10 Artibeus, 3 
Epitesicus, 2 

Myotis) 

– 

 

Very sparsely 
vegetated 

7 (2 Tadarida, 1 
Myotis, 3 

Epitesicus, 1 
Artibeus) 

– 

Yellow buffer of 50m with 90% transparency around the animal capture location. ArcGIS Pro 2.9.5. Imagery basemaps (Source: Maxar 2021/07/24; 
0.46m spatial resolution). Cartographic scale 1:1,000. 
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Appendix 1 Figure 1. CNS histology of rabies in opossum. HE, 200x, Cerebellum. Mononuclear 

perivascular cuffing. 

 

Appendix 1 Figure 2. IHC of rabies in the positive opossum. IHQ, 400x, Brain. Neuronal cell with 

cytoplasmic antigen detected with AP for LR (arrow). 
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Appendix 1 Figure 3. Spatial distribution of bats classified by Family and positive diagnostic. Each gray 

dot represents one collection of bats: Molossidae are represented by circles, Phyllostomidae by squares, 

and Vespertilionidae by triangles. The positive ones are colored in red. 

 

Appendix 1 Figure 4. Diffusion of Artibeus captured from January to December 2021. The dates were 

interpolated from February to December, varying from red to blue. The location where the positive 

opossum was found corresponds to August; however, considering the home range of Bats (≈19ha), in 

addition to August, the diffusion shows also July and September 2021. 
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Appendix 1 Figure 5. Temporal distribution of total genus RABV detected in insectivorous and 

phytophagous bats. 

 

Appendix 1 Figure 6. Temporal distribution of total bats RABV detected in insectivorous and 

phytophagous bats. 


