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To determine their potential role as a source of human infection, we tested domestic dogs (urban) and wild coatis (wild)
in Brazil for vaccinia virus. Our findings of positive neutralizing antibodies and quantitative PCR results for 35/184 dogs
and 13/90 coatis highlight a potential public health risk.

S

ince smallpox was declared eradicated in 1980, after a
massive effort led by the World Health Organization,
other orthopoxviruses have gained notoriety as zoonotic
agents worldwide (1). Over the past 17 years in Brazil,
many zoonotic outbreaks of vaccinia virus (VACV) infection have been recorded throughout the country, becoming
a burden for the dairy industry and public health (2). The
most affected hosts during outbreaks are dairy cattle and
humans (2). Recent studies assessing the role of wildlife
in the maintenance cycle of VACV in nature have corroborated previous findings that rodents and marsupials serve
as links between natural and anthropic environments (2–4).
Indeed, the increased frequency of reported VACV detection in several species of mammals points toward new
insights into the circulation and maintenance of VACV in
wild (forest) and rural (farm) environments (2,5–8). Studies conducted in Latin America suggest that wildlife, especially small and medium-sized mammals, plays a role in
virus transmission and maintenance of orthopoxviruses in
nature (9). Furthermore, some studies have shown the presence of VACV in urban environments, emphasizing the
risks for humans (especially those not vaccinated against
smallpox) (10,11).
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To determine the potential role of domestic and wild
animals as a source of VACV infection for humans, we
investigated VACV circulation among domestic dogs and
wild coatis, animals that live at the intersection of urban
and wild environments in Brazil. The capture of wild animals was authorized by the Brazilian Institute of Environment and Renewable Natural Resources, and the study was
approved by the Ethics Committee in Animal Experimentation of Universidade Federal de Minas Gerais.
The Study
We analyzed serum and anal swab samples collected during 2013–2015 from 184 domestic dogs and 90 wild coatis
in the city of Belo Horizonte (19°55′15′′S, 43°56′16′′W) in
the state of Minas Gerais, Brazil (Figure 1). Swab samples
of lesions, if present, were also collected. To determine the
presence of neutralizing antibodies in serum, we used an
orthopoxvirus plaque reduction neutralization test as previously described (12). Serum titers were defined as the highest dilutions that inhibited >70% of virus plaques compared
with negative controls.
To detect VACV DNA from serum and anal swab
samples, we performed real-time PCR targeting the C11R
or A56R gene (12). We directly sequenced A56R fragments
in both orientations and in triplicate by using the ABI3130
platform (Applied Biosystems, Waltham, MA, USA). Sequences were aligned with other reference sequences from
GenBank by using MEGA 7.0 (http://www.megasoftware.
net). Statistical analyses were conducted by using Epi Info
software version 7.2.1.0 (https://www.cdc.gov/epiinfo);
χ2 and Fisher exact tests were applied with significance
set at 5%. We also calculated relative odds ratios (ORs)
and 95% CIs.
We detected orthopoxvirus neutralizing antibodies in
35 dogs (prevalence rate 19.0%, 95% CI 14.0%–25.5%; titers 100–400 neutralizing units/mL) and in 13 coatis (prevalence rate 14.4%, 95% CI 8.5%–23.3%; titers 100–800
neutralizing units/mL) (Table 1). Univariate analyses indicated significant associations between presence of neutralizing antibodies and the following: male dogs (OR 2.6; p
= 0.02), dogs 6–10 years of age (OR 5.2; p = 0.04), coatis
captured in 2013 (OR 11.2; p = 0.002), juvenile coatis (<1
y of age) (OR 35; p = 0.001), and adult coatis (>2 y of age)
(OR 5.1; p = 0.04).
Samples from all seropositive animals were submitted
for quantitative PCR (qPCR) to detect VACV DNA (Table
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Figure 1. Area of study of vaccinia virus among domestic
dogs and wild coatis, Brazil, 2013–2015. A) Countries in
South America where vaccinia virus has been detected
in recent years. B) Belo Horizonte (red locator), located
in Minas Gerais state, Brazil. C) Regions of Belo
Horizonte; green indicates area in wild environment
where coatis were captured. D) Google Earth map from
2017 of studied area, showing details of the wild and
urban environments. Green dots indicate where coatis
were captured; blue dots indicate where dogs were
sampled. Source: https://www.google.com/earth.

2). Overall, serum samples from 7 dogs and 6 coatis were
positive for the C11R gene; of these, anal swab samples
were positive for this gene for 3 dogs and 4 coatis. Samples
from the C11R-positive animals were submitted for another qPCR targeting the A56R gene. Serum samples were
positive for the A56R gene for 5 dogs and 4 coatis; of these,
anal swab samples were positive for A56R for 1 dog and 3
coatis. No lesion swab samples were positive by qPCR for
both C11R and A56R genes.
Alignment of the amplified A56R fragments showed
high similarity to the homologous gene of VACV isolates
from Brazil (online Technical Appendix Figure, https://
wwwnc.cdc.gov/EID/article/24/12/17-1584-Techapp1.
pdf). Furthermore, 5 sequenced samples (from 4 dogs and
1 coatis) showed an 18-nt signature deletion, which is
present in sequences of mouse nonvirulent VACV strains
from Brazil (group 1 VACV). This deletion was not
present in samples from 4 animals (1 dog and 3 coatis),
grouping with mouse virulent VACV strains from Brazil
(group 2 VACV).
Conclusions
We assessed VACV exposure of 2 interacting species of
animal: domestic dogs from an urban area and coatis from
a bordering wild area. In contrast to VACV infections,

human cowpox virus infections have mostly occurred in
urban areas of Europe. Cowpox virus is transmitted to humans mainly by domestic cats that are in contact with rodents, the natural cowpox virus reservoirs (13). However,
some authors have hypothesized that domestic dogs could
be implicated in the transmission cycle of VACV, acting as
a link between the natural reservoirs and humans in urban
environments (14,15). Indeed, our molecular findings support exposure and possible VACV infection of these animals, thereby indicating that they are a potential source of
VACV exposure for humans in urban areas.
The seroprevalence of orthopoxvirus neutralizing antibodies in dogs in Brazil has been described. Peres et al.
found that, along with other farm animals, 22.8% of 114
dogs tested were seropositive for orthopoxviruses (7); this
seroprevalence differs from that observed in our study,
which was 3.8% lower. In addition, most animals tested by
Peres et al. were from rural areas where no bovine vaccinia
outbreaks had been officially reported, and 96% of farmers declared that their domestic animals have contact with
wild animals (9). These findings indicate that dogs could
be exposed to VACV through contact with wild animals,
corroborating our hypothesis.
We also detected orthopoxvirus neutralizing antibodies in wild coatis, which is consistent with results of a
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Table 1. Associations between neutralizing antibodies against Orthopoxvirus and demographic characteristics of domestic dogs and
wild coatis, Belo Horizonte, Brazil, 2013–2015*
Variable
No. (%)†
No. (%) positive‡ No. (%) negative‡
p value
Odds ratio (95% CI)
Domestic dogs
Year of sampling
2014
123 (66.8)
24 (19.5)
99 (80.5)
2015
61 (33.2)
11 (18.0)
50 (82.0)
1.00
Sex
F
85 (46.4)
23 (27.1)
62 (72.9)
Reference
0.02
2.6 (1.2–5.6)
M
96 (52.5)
12 (12.5)
84 (87.5)
Age, y
<1
24 (13.1)
7 (29.2)
17 (70.8)
Reference
2–5
82 (44.8)
16 (19.5)
66 (80.5)
0.4
0.04
5.2 (1.2–22.6)
6–10
41 (22.4)
3 (7.3)
38 (92.7)
>10
18 (9.8)
4 (22.2)
14 (87.8)
0.9
Size
Small
75 (41.0)
13 (18.8)
56 (81.2)
Reference
Medium
69 (37.7)
11 (20.0)
44 (80.0)
1.00
Large
30 (16.4)
4 (14.3)
24 (85.7)
0.8
Confinement status
Always inside home
41 (22.4)
8 (19.5)
33 (80.5)
Reference
Always in backyard
115 (62.8)
18 (15.6)
97 (84.3)
0.7
Home and backyard
25 (13.7)
9 (36.0)
16 (64.0)
0.2
Outdoors access†
Yes
83 (45.3)
19 (22.9)
64 (77.1)
0.3
No
98 (53.6)
16 (16.3)
82 (83.7)
Reference
Access to MMP
Yes
18 (9.8)
6 (33.3)
12 (66.7)
0.2
No
101 (55.2)
18 (17.8)
83 (82.2)
Reference
Wild coatis
Year of capture
0.002
14.8 (1.8–119.8)
2013
57 (52.8)
12 (21.0)
34 (59.6)
2014
51 (47.2)
1 (1.9)
42 (82.3)
Reference
Sex
F
64 (59.3)
10 (15.6)
44 (68.7)
Reference
M
44 (40.7)
3 (6.8)
32 (72.7)
0.3
Age group
Juvenile, <1 y
44 (40.7)
1 (2.3)
35 (79.5)
Reference
0.01
0.05 (0.006–0.5)
Subadult, 1–2 y
18 (16.7)
5 (27.8)
10 (55.6)
0.04
5.1 (1.2–22.6)
Adult, >2 y
46 (42.6)
7 (15.2)
31 (67.4)
*Totals may not add up to 100% because of missing information. Boldface indicates significance; odds ratios are shown only for significant results. MMP,
Mangabeiras Municipal Park.
†Includes access beyond backyard.
‡By plaque reduction neutralization test.

previous study that described the seroprevalence of orthopoxviruses in procyonids from Mexico (9). Our detection of VACV DNA in anal swab samples from coatis
indicate that these animals could act as a source of virus

for domestic dogs and humans and serve as a link between
wild and urban environments. However, future studies to
determine if viable virus is shed are needed to confirm
this possibility.

Table 2. Diagnostic results for 7 domestic dogs and 6 wild coatis with neutralizing antibodies for vaccinia virus, Belo Horizonte, Brazil,
2031–2015*
qPCR C11R
qPCR A56R
Animal
PRNT70 titer (NU/mL) Serum sample Anal swab sample
Serum sample Anal swab sample
Strain
Dog 2
1:40 (100)
+
–
+
–
Group 1
Dog 58
1:80 (200)
+
+
+
–
Group 1
Dog 41
1:40 (100)
+
–
–
–
Dog 77
1:80 (200)
+
+
+
–
Group 1
Dog 86
1:40 (100)
+
–
–
–
Dog 121
1:160 (400)
+
–
+
–
Group 1
Dog 128
1:160 (400)
+
+
+
+
Group 2
Coati 5
1:40 (100)
+
+
+
+
Group 2
Coatis 17
1:40 (100)
+
–
–
–
Coatis 27
1:80 (200)
+
–
–
–
Coatis 39
1:160 (400)
+
+
+
+
Group 2
Coatis 48
1:40 (100)
+
+
+
–
Group 1
Coatis 50
1:80 (200)
+
+
+
+
Group 2
*NU, neutralizing units; PRNT70, 70% plaque reduction neutralization test; qPCR, quantitative PCR.
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Figure 2. A hypothetical model developed to visualize the role of domestic animals and wildlife in the natural cycle of vaccinia
virus (VACV). The model illustrates the dynamics of VACV circulation in urban and wild areas of Brazil. In urban areas, wild coatis
could promote the transmission of VACV between domestic animals or humans because they are in direct contact with domestic
dogs and circulate among urban residences. Domestic dogs could also promote the transmission of VACV to humans because
of direct contact or possibly indirect contact thought contaminated feces. In the wild environment, coatis can interact with other
mammals such as wild rodents, which are believed to be VACV reservoirs, and acquire the infection (this potential interaction is
still under investigation).

To impart information about the role of domestic animals and wildlife in the natural cycle of VACV, we developed a hypothetical model based on previous studies
(2,3,5), which could illustrate the dynamics of VACV circulation in urban areas (Figure 2). Because coatis can circulate in wild environments and surrounding urban areas,
they could act as a bridge promoting the transmission of
VACV between wild animals (mainly rodents) and dogs
or humans. Domestic dogs could transmit VACV directly
to humans through close contact or indirectly thought contaminated feces (Figure 2). These data raise questions about
VACV circulation in Brazil and open discussions about the
role of dogs and coatis in the VACV epidemiologic cycle.
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Spotlight:
HIV-AIDS

World AIDS Day is held on
December 1 of each year
and is an opportunity for
people worldwide to unite in
the fight against HIV, show
their support for people living
with HIV, and commemorate
people who have died. World
AIDS Day was the first ever
global health day, held for
the first time in 1988.
https://wwwnc.cdc.gov/eid/spotlight/hiv
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