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To detect orthopoxvirus in the Brazilian Amazon, we
conducted a serosurvey of 344 wild animals. Neutralizing
antibodies against orthopoxvirus were detected by plaquereduction neutralizing tests in 84 serum samples. Amplicons
from 6 monkey samples were sequenced. These amplicons
identified vaccinia virus genetically similar to strains from
bovine vaccinia outbreaks in Brazil.

I

n Brazil, several exanthematic vaccinia virus (VACV)
outbreaks affecting dairy cattle and rural workers have
been reported since 1999 (1,2). VACV, the prototype of
the genus Orthopoxvirus, shows serologic cross-reactivity
with other Orthopoxvirus species and was used during the
smallpox eradication campaign (3). Bovine vaccinia causes
economic losses and affects public health services in Brazil (4). VACV reservoirs and the role of wildlife in outbreaks remain unidentified. Although some data indicate
that VACV strains circulate in rodents in forests in Brazil
(5,6), there is no evidence of VACV infection in other wild
mammals.
To detect orthopoxviruses in the Brazilian Amazon,
we conducted a serosurvey of wild animals in this region.
We detected antibodies against orthopoxviruses in 4 mammalian species. Using molecular methods, we confirmed
exposure of monkeys to VACV. Although our findings are
uncertain in the context of bovine vaccinia outbreaks, we
provide new biologic and epidemiologic information about
VACV.
The Study
During February 2001–September 2002, we captured
344 wild mammals in an overflow area in a fauna-rescue
program during construction of a hydroelectric plant in
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Lajeado and Ipueiras counties (9°44′58′′S, 48°21′23′′W)
in Tocantins State, Brazil. During this program, 269 capuchin monkeys (Cebus apella), 27 black-howling monkeys
(Allouata caraya), 12 coatis (Nasua nasua), 20 agoutis
(Dasyprocta sp.), 2 opossums (Didelphis albiventris), 5 armadillos (Euphractus sexcinctus), 5 collared anteaters (Tamandua tetradactila), and 4 gray foxes (Cerdocyon thous)
were captured.
All animals were captured in a sylvatic area and did
not have contact with humans and dairy cattle. In fieldscreening laboratories, animals were sedated, serum samples were collected, and veterinary evaluations were made.
Animals were then released in areas selected during environmental conservation programs. Until 2002, bovine vaccinia had been restricted to southeastern Brazil, >1,400 km
from the study area (7).
Serum samples were inactivated by heating at 56°C
for 30 min, and an orthopoxvirus plaque-reduction neutralizing test (PRNT) was performed. PRNT was used rather
than ELISA because secondary antibodies required for an
ELISA for all analyzed species were unavailable. Inactivated samples were diluted 1:20×–1:1,640× in minimal
essential medium and tested in Vero cells by using the
VACV-Western Reserve strain in the PRNT as described
(8). Human samples positive for antibodies to orthopoxvirus obtained during bovine vaccinia outbreaks were used as
positive controls (9); samples negative for these antibodies
were used as negative controls (10). Serum titer was defined
as the highest dilution that inhibited >50% of viral plaques
compared with negative controls. Orthopoxvirus PRNT
specificity (97.4%) and sensitivity (93.5%) were confirmed
by using receiver-operating characteristic analysis, which
compared results of PRNT, ELISA, and clinical symptoms
during bovine vaccinia outbreaks (9,10).
PRNT showed a high prevalence of seropositive
monkeys (Table). Of 269 C. apella samples, 68 (25.3%)
had antibodies to orthopoxvirus. Of 27 A. caraya samples,
13 (48.1%) had antibodies to orthopoxvirus. Seropositivity was detected in 2 (16.6%) coatis and 1 (5.0%) agouti. Antibodies to orthopoxvirus were not detected in any
other species tested. Of 344 animals studied, 84 (24.4%)
had antibodies to orthopoxvirus (Table). In samples with
high neutralizing antibody titers, 55.95% (47) had titers of
80–320. Only 5 (6.0%) PRNT-positive samples had titers
<40 (Table).
Given the serologic cross-reactivity of orthopoxvirus
(3), positive samples could indicate any of >9 virus species,
although it is well established that VACV is endemic to
Brazil, and infections with other orthopoxviruses are geographically restricted to other continents and have not been
identified in Brazil. Therefore, we performed a molecular
investigation to identify orthopoxviruses associated with
orthopoxvirus sylvatic circulation. Serologic and molecular
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Table. Seroprevalence of vaccinia virus in monkeys, Brazilian Amazon*
PRNT titer, no. positive
No. serum
20
40
80
160
Species
samples tested
269
2
24
36
4
Cebus apella
27
3
5
5
0
Allouata caraya
12
0
2
0
0
Nasua nasua
Dasyprocta sp.
20
0
1
0
0
2
0
0
0
0
Didelphis albiventris
5
0
0
0
0
Euphractus sexcinctus
5
0
0
0
0
Tamandua tetradactila
4
0
0
0
0
Cerdocyon thous
Total
344
5
32
41
4

320
2
0
0
0
0
0
0
0
2

Total no. (%)
68 (25.3)
13 (48.1)
2 (16.6)
1 (5.0)
0
0
0
0
84 (24.4)

No. (%) PCR
positive
11 (4.1)
7 (25.9)
0
0
0
0
0
0
18 (5.2)

*PRNT, plaque-reduction neutralization test.

tests were performed in a blinded fashion and in triplicate.
On the basis of previous studies that detected orthopoxvirus
DNA in serum of infected hosts (9,11,12), a semi-nested
PCR was used to amplify the highly conserved orthopoxvirus vaccinia growth factor (vgf) gene (J.S. Abrahão et al.,
unpub.data) from mammal serum samples. Human VACV
DNA–positive and DNA–negative serum samples obtained
during bovine vaccinia outbreaks (9) were used as positive
and negative controls, respectively. Field and laboratory
clinical samples were processed separately to avoid crosscontamination.
Eighteen of 344 serum samples were positive in PCR
assays (11 from C. apella and 7 from A. caraya; all were
PRNT positive). Six of the 18 vgf PCR-positive samples
were chosen for sequencing and analysis of vgf (4 from C.
apella and 2 from A. caraya). In addition, using primers described by Ropp et al. (14), we amplified the hemagglutinin
(ha) gene from 2 samples (1 from C. apella and 1 from A.
caraya; both were vgf positive). The vgf and ha PCR products were cloned into the pGEMT-easy vector (Promega,
Madison, WI, USA). Three clones from distinct PCR amplicons of each sample were sequenced in both orientations
by using M13 universal primers and the Mega-BACE-sequencer (GE Healthcare, Little Chalfont, UK).
Optimal alignment of the highly conserved vgf gene
with ClustalW (www.ncbi.nlm.nih.gov/pmc/articles/PMC
308517) and MEGA version 3.1 (www.megasoftware.
net) showed 100% identity among all nucleotide and amino acid sequences for monkey serum (online Appendix
Figure, panel A, www.cdc.gov/EID/content/16/6/976appF.htm). When compared with nucleotide sequences
available in GenBank, vgf sequences were highly similar (98%–100% identity) to the homologous gene from
other VACV strains and showed 100% identity. The ha
sequences for C. apella and A. caraya showed a signature
deletion (online Appendix Figure, panel B) also present in
sequences of other VACV isolates from Brazil. These ha
sequences showed 99.6% identity at the nucleotide level
and 99.7% identity at the amino acid level (736 nt of the
ha gene were analyzed).

Phylogenetic trees of the vgf (Figure, panel A) or ha
(Figure, panel B) genes were constructed by using the
neighbor-joining method, 1,000 bootstrap replicates, and
the Tamura 3-parameter model (MEGA version 3.1). These
sylvatic VACV sequences clustered with several VACVs
isolated during several bovine vaccinia outbreaks. The vgf
and ha sequences from monkey samples were deposited in
GenBank (accession nos. VACV-TO vgf GQ465372 and
GQ465373 and ha GU322359 and GU322360). Orthopoxvirus DNA was not detected in any other species tested.
Conclusions
Although VACV strains have been isolated from rodents in forests in Brazil (5,6) (the nearest location, Belém,
is 750 km from the study area), we detected VACV in wildlife in the Brazilian Amazon 3 years after reports of exanthematic outbreaks of bovine vaccinia and 40 years after
isolation of VACV from forests. Our data provide evidence
of high prevalence of orthopoxviruses among capuchin
and black-howling monkeys in the Brazilian Amazon. The
relationship between infected monkeys and emergence of
VACV in rural regions of Brazil is unknown. However,
transmission of VACV in northeastern Brazil has been reported, and outbreaks have been reported in Mato Grosso,
Pernambuco (www.amep.org.br/pox.doc), Maranhão (E.G.
Kroon et al., unpub. data), and Tocantins (13), which are in
or adjacent to the Brazilian Amazon. Some of these viruses
may be related to those isolated in this study because some
VACV isolates have the same signature deletion in the ha
gene as VACV-TO.
Anthropogenic disturbance of the Amazon ecosystem
and increases in agricultural and livestock areas increase
contact between wildlife and rural populations (15). However, the effect of VACV in environments in Brazil that
contain wild animals has not been studied. Clinical data for
pox lesions in animals tested were not well documented by
veterinarians in the study area. Ecologic and public health
studies should be designed to evaluate risks for infection
with VACV during wildlife conservation efforts and determine whether surveillance systems can predict bovine vac-
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Figure. Consensus bootstrap phylogenetic trees based on nucleotide sequences of orthopoxvirus vaccinia growth factor (vgf) (A) and
hemagglutinin (ha) (B) genes. Trees were constructed with ha or vgf sequences by using the neighbor-joining method with 1,000 bootstrap
replicates and the Tamura 3-parameter model in MEGA version 3.1 software (www.megasoftware.net). Bootstrap values >40% are shown.
Nucleotide sequences were obtained from GenBank. Black dots indicate vaccinia virus (VACV) obtained from Cebus apella (VACV-TO
CA) and Allouata caraya (VACV AC). All vgf sequences obtained from monkey serum samples showed 100% and are represented as a
unique sequence in the vgf tree (VACV TO). HSPV, horsepoxvirus; VARV, variola virus; CPXV, cowpoxvirus; MPXV, monkeypoxvirus.

cinia outbreaks by monitoring VACV infection in monkeys
and other wild animals.
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