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Porcine teschovirus (PTV), porcine sapelovirus (PSV), and enterovirus G (EV-G) are infectious
agents specific to pig host species that are endemically spread worldwide. This study aimed
to investigate the natural infection by these porcine enteric picornaviruses in wild boars (Sus
scrofa scrofa) of Parana state, Brazil, and to evaluate peccaries (Pecari tajacu and Tayassu pe-
cari) as alternative host species for these viruses. Fecal samples (n=36) from asymptomatic
wild boars (n=22) with ages ranging from 2 to 7 months old (young, n=14) and 2 to 4 years
old (adult, n=8) and from peccaries (6 to 8 months old, n=14) were collected from a farm and
a zoo, respectively, both located in Parana state. Reverse transcription-polymerase chain reac-
tion (RT-PCR) and nested-PCR (n-PCR) assays targeting the 5'non-translated region of the vi-
rus genome were used for screening the viruses. Porcine enteric picornaviruses were detected
in 12 out of the 22 wild boar fecal samples. According to each of the viruses, EV-G was most
frequently (11/22, 50%) detected, followed by PTV (10/22, 45.5%) and PSV (4/22, 18.2%).
Regarding the age groups, young wild boars were more frequently (9/14, 64.3%) infected with
PTV, PSV, and EV-G than adult animals (3/8, 37.4%). One n-PCR amplified product for each of
the viruses was submitted to sequencing analysis and the nucleotide sequences were com-
pared with the related viruses, which showed similarities varying from 97.7% to 100% for PTV,
92.4% to 96.2% for PSV, and 87.1% to 100% for EV-G. Peccaries tested negative for the viruses
and in this study they did not represent infection reservoirs. This study is the first to report the
molecular detection of PTV, PSV, and EV-G from captive wild boars in a South American country
and the first to screen peccaries as alternative host species for porcine enteric picornavirus.

INDEX TERMS: Porcine teschovirus, PTV, porcine sapelovirus, PSV, enterovirus G, EV-G, wild
boars, Pecari tajacu, Sus scrofa scrofa, Tayassu pecari.

RESUMO.- [Estudo molecular de teschovirus suino, sa-
pelovirus suino e enterovirus G em javalis (Sus scrofa
scrofa) de cativeiro no Parana.] Teschovirus suino (PTV),
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sapelovirus suino (PSV) e enterovirus G (EV-G) sdo agentes
infecciosos especificos da espécie suina que estdo endemi-
camente disseminados em todo o mundo. O objetivo deste
estudo foi investigar a infec¢do natural por estes picor-
navirus entéricos suinos em javalis (Sus scrofa scrofa) do
estado do Parana, Brasil e avaliar pecaris (Pecari tajacu e
Tayassu pecari) como hospedeiros alternativos para estes
virus. Amostras fecais (n=36) de javalis assintomaticos
(n=22) com idades de 2 a 7 meses (jovens, n=14) e 2 a 4
anos (adultos, n=8) e de pecaris (6 a 8 meses de idade,
n=14) foram coletadas em um cativeiro e zooldgico, res-
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pectivamente, ambos localizados no estado do Parana. A
transcricdo reversa seguida por reagdes da polimerase em
cadeia (RT-PCR) e nested-PCR com alvo na regido 5’-ndo
traduzida do genoma viral foram utilizadas para a iden-
tificacdo dos virus. Picornavirus entéricos suinos foram
detectados em 12 das 22 amostras fecais de javalis. De
acordo com cada um dos virus, EV-G foi mais frequente-
mente (11/22, 50%) detectado, seguido pelo PTV (10/22;
45,5%) e PSV (4/22; 18,2%). Considerando os grupos de
idade, javalis jovens foram mais frequentemente (9/14;
64,3%) infectados com PTV, PSV e EV-G do que os javalis
adultos (3/8; 37,4%). Um produto amplificado na nested-
-PCR para cada um dos virus foi submetido a analise de
sequenciamento e as sequéncias de nucleotideos foram
comparadas com virus relacionados, o que mostrou que as
similaridades variaram entre 97,7% a 100% para o PTV,
92,4% a 96,2% para o PSV e 87,1% a 100% para o EV-G.
Os pecaris foram negativos para as viroses investigadas e
neste estudo ndo se apresentaram como hospedeiros al-
ternativos para as infecg¢des. Este estudo é o primeiro a re-
latar a detec¢do molecular de PTV, PSV e EV-G em javalis
de cativeiro de um pafs da América Latina e o primeiro a
avaliar pecaris como espécie hospedeira alternativa para
picornavirus entéricos suinos.

TERMOS DE INDEXACAO: Teschovirus suino, PTV, sapelovirus sui-
no, PSV, enterovirus G, EV-G, javalis, Pecari tajacu, Sus scrofa scrofa,
Tayassu pecari.

INTRODUCTION

Porcine teschovirus (PTV), porcine sapelovirus (PSV), and
enterovirus G (EV-G), also known as porcine enteric picorna-
viruses, are common pathogens that only cause infections
in pigs. These viruses belong to the Picornaviridae family
and are small, non-enveloped, and have a single-stranded
positive-sense RNA (ssRNA) genome (ICTV 2013).

Porcine enteric picornaviruses have previously been
classified in the Enterovirus genus, which was composed
of at least 13 species, named PEV1 through PEV13. Stu-
dies on the biological and molecular features of porcine
enteroviruses have led to their reclassification into 3 dis-
tinct genera. The species PEV1 to 7 and PEV11 to PEV13
have been reclassified into the genus Teschovirus, which is
composed of different serotypes of a single species named
porcine teschovirus (Kaku et al. 2001, Zell et al. 2001). The
species PEV8 was named as porcine enterovirus A and was
later renamed porcine sapelovirus, representing the unique
porcine host species of the new genus Sapelovirus (Krum-
bholz et al. 2002). The species PEV9 and PEV10 have been
classified into the genus Enterovirus, species porcine ente-
rovirus B (PEV-B), which was recently renamed as enterovi-
rus G (Krumbholz et al. 2003, ICTV 2013).

The majorities of the PTV, PSV, and EV-G serotypes are
non-pathogenic and circulate worldwide in asymptomatic
domestic pigs (Cano-Gémez et al. 2011, Prodélalova 2012).
However, depending on the virus serotype and infection
conditions, these picornaviruses may be considered im-
portant etiological agents of enteric, respiratory, reproduc-
tive, or neurological disorders (Bangari et al. 2010, Ventura
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et al. 2013). Clinical manifestations may include diarrhea,
pneumonia, febrile illness, vesicular diseases, reproductive
failure (SMEDI syndrome), myocarditis, and polioencepha-
lomyelitis (Krumbholz et al. 2003).

Studies performed in different geographical regions
throughout the world revealed that PTV, PSV, and EV-G
are ubiquitous and have been reported in Asia (Kaku et
al. 2007, Lan et al. 2011, Lin et al. 2012, Moon et al. 2012,
Zhang et al. 2012), Europe (Zell et al. 2000, La Rosa et al.
2006, Buitrago et al. 2010, Sozzi et al. 2010, Boros et al.
2011, Prodélalova 2012), and the Americas (Bangari et al.
2010, Salles et al. 2011, Shan et al. 2011, Deng et al. 2012,
Ventura et al. 2013, Donin et al. 2014).

The role of wild boars (Sus scrofa scrofa, Suidae fami-
ly) as a reservoir of infectious disease for other domestic
animals and human populations has been discussed for
years (Ruiz-Fons et al. 2008, Meng et al. 2009). Wild boars
are susceptible to infections by viruses that also affect do-
mestic pigs (Sus scrofa domesticus), such as porcine group
A rotavirus (PoRVA), porcine circovirus type 2 (PCV2), he-
patitis E virus (HEV), Aujeszky disease virus (ADV), por-
cine parvovirus (PPV), porcine reproductive and respira-
tory syndrome virus (PRRSV), classical swine fever virus
(CSF), torque teno sus virus (TTSuV), influenza A virus,
and others (Ruiz-Fons et al. 2008, Meng et al. 2009, Oka-
dera et al. 2013, Biondo et al. 2014). These animals are
also susceptible to infections by PTV, PSV, and EV-G, which
were described in asymptomatic wild boars in Hungary
(Boros et al. 2012a, Boros et al. 2012b), Spain (Cano-
-Gomez et al. 2013), and the Czech Republic (Prodélalova
2012).

The uncontrolled growth of the wild boar populations
has been observed worldwide over the last decades. Wild
boars can easily adapt to different food and environmen-
tal conditions, which, together with other enabling factors,
favor the wide geographical distribution of this animal spe-
cies (Bieber & Ruf 2005). In Brazil, there is a similar scena-
rio, in which wild boars are present in many states, in both
free and captive situations (Deberdt & Scherer 2007).

Pecari tajacu and Tayassu pecari, also known as “cateto”
and “queixada”, respectively, are wild animals earlier belie-
ved to be related to the genus Sus and reclassified as genera
Pecari and Tayassu into the Tayassuidae family (Taber et al.
2011). Sus scrofa, Pecari tajacu, and Tayassu pecari belong
to the same order (Artiodactyla) and largely distributed in
distinct geographical regions of Latin America.

The health status of South American wild boar popula-
tions in regards to porcine picornavirus natural infection is
not known. Due to the increase in wild boar populations in
Brazil, the role these animals may play as reservoirs for vi-
ral infectious diseases, and the recently reported endemic
circulation of porcine enteric picornaviruses in Brazilian
pig herds (Donin et al. 2014), this study aimed to investi-
gate the occurrence of natural infection by PTV, PSV, and
EV-G from the wild boars of Parana state, Brazil. Additio-
nally, these porcine enteric picornaviruses were evaluated
in Pecari tajacu and Tayassu pecari, both generally called
peccaries, in order to investigate a possible alternative host
species for these viruses.
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MATERIALS AND METHODS

This study is in agreement with the ethical principles complied
by the Brazilian College of Animal Experimentation (COBEA) and
was approved by the Animals Use Ethics Committee (CEUA/pro-
tocol number 22/2013) of the Universidade Federal do Parana -
Palotina sector.

Thirty-six fecal samples from wild animals of Parani state,
southern Brazil, were evaluated. Young (2 to 7 months old, n=14)
and adult (2 to 4 years old, n=8) asymptomatic wild boars liv-
ing on a farm (25°27°18.5”S; 54°25’41.8"W) were sampled in
June, 2013. The farm was licensed by the Brazilian Institute of
Environment and Renewable Natural Resources - IBAMA (reg-
istration number 02017019336/97-06). Pecari tajacu (n=5) and
Tayassu pecari (n=9) animal species with ages ranging 6 to 8
months old were sampled on a zoo located in the Natural Reserve
Park of Cascavel city (24°57°21"S, 53°27°18”W) in March, 2014.
The animals were maintained in captivity, had no contact with
domestic pigs, and were bred in a livestock-like management
system, following the requirements commonly applied to com-
mercial pig herds in Brazil. Aliquots of the collected fecal samples
were properly labelled and sealed and stored at -80°C until used
for analysis.

Fecal suspensions were prepared at 10 to 20% (w/v) in 0.01
M phosphate-buffered saline (PBS, pH 7.2) and centrifuged at
5,000 x g for 3 min. The supernatants were used for nucleic acid
extraction.

RNA was extracted using a combination of phenol/chloro-
form/isoamyl alcohol (25:24:1) and silica/guanidinium iso-
thiocyanate nucleic acid extraction methods (Boom et al. 1990,
Alfieri et al. 2006). The RNA was eluted in 50 pl of ultra-pure
RNase-free diethylpyrocarbonate (DEPC)-treated sterile water
and immediately submitted to a reverse transcription reaction
(RT) assay. One porcine enteric picornavirus positive fecal sam-
ple (BRA/UEL3/13, GenBank accession numbers KF410644 and
KF410645), and an aliquot of ultrapure autoclaved water were in-
cluded as positive and negative controls, respectively, during the
nucleic acid extraction and the following procedures.

Polymerase chain reaction (PCR) and nested-PCR (n-PCR) as-
says were performed using primers for each of the viruses, targe-
ting the 5’-non-translated region (5’-NTR) of the porcine enteric
picornavirus genomes (Krumbholz et al. 2003). The technique
was performed as described previously (Krumbholz et al. 2003),
with modifications (Donin et al. 2014). The expected fragment
lengths of n-PCR amplified products were 158 bp (PTV), 212 bp
(PSV), and 313 bp (EV-G).

One amplified product in the n-PCR assay for each of the viru-
ses was randomly selected for sequencing and phylogenetic analy-
sis. The n-PCR amplicons were purified by GFX™ PCR DNA and
the Gel Band Purification Kit (GE Healthcare, Little Chalfont, UK),
quantified with a Qubit™ Fluorometer (Invitrogen™ Life Techno-
logies, Eugene, OR, USA), and sequenced in both directions with
forward and reverse primers in an ABI 3500 Genetic Analyser
with the BigDye™ Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems®, Foster City, CA, USA). Sequence quality analyses and
consensus nucleotide (nt) sequences were assembled using the
Phred/Phrap/CAP3 software (http://asparagin.cenargen.embra-
pa.br/phph/). Similarity searches were performed with sequen-
ces deposited in GenBank using the Basic Local Alignment Sear-
ch Tool - BLAST software (http://blast.ncbi.nlm.nih.gov/Blast.
cgi). A phylogenetic tree, based on nucleotides, was obtained
using MEGA version 6.05 (Tamura et al. 2013) by the maximum
likelihood statistical method based on the kimura two-parameter
model, which provided statistical support via bootstrapping with
1,000 replicates. A sequence identity matrix was performed using

the BioEdit software version 7.1.11 (http://www.mbio.ncsu.edu/
bioedit/bioedit.html).

RESULTS

Porcine enteric picornaviruses were detected in 12 of the
22 wild boar fecal samples analyzed. Considering all of the
samples, EV-G was detected most frequently (50%, 11/22),
followed by PTV (45.5%, 10/22). PSV was the least (18.2%,
4/22) common virus present in the fecal samples evaluated
and was not detected in the adult wild boar group.

Double PTV and EV-G (22.7%, 5/22) and triple PTV, PSV,
and EV-G (18.2%, 4/22) infections were more frequently
detected, followed by EV-G (9.1%, 2/22) as a single infec-
tion. Regarding the different ages, 2- to 7-month-old wild
boars presented with a higher frequency (64.3%, 9/14) of
enteric picornaviruses than animals aged 2 to 4 years-old
(37.5%, 3/8). The results are summarized in Table 1. Fecal
samples from Pecari tajacu and Tayassu pecari tested nega-
tive for the 3 viruses.

Table 1. Single and mixed infections with porcine teschovirus
(PTV), porcine sapelovirus (PSV), and enterovirus G (EV-G)
detected by n-PCR assays from fecal samples of wild boars

(Sus scrofa scrofa) in Parana state, Brazil

Porcine enteric Age group Total
picornaviruses Young Adult (n=22)
(2 to 7 months old) (2 to 4 years old)
n=14 n=8

PTV 01 - 01
PSV - - -
EV-G - 02 02
PTV + PSV - - -
PTV + EV-G 04 01 05
PSV + EV-G - - -
PTV + PSV + EV-G 04 - 04
Total 09 03 12

The sequencing of one amplicon per each virus con-
firmed the specificity of the amplified products. The frag-
ment sizes of amplicons were 157 nt for PTV (BRA/UEL-
-WB01/13, nt sequences <200 bp; therefore not submitted
to the GenBank and available at the Figure legend herein),
211 nt for PSV (BRA/UEL-WB20/13, GenBank accession
number KJ187770),and 313 for EV-G (BRA/UEL-WB40/13,
GenBank accession number KJ187771).

Porcine enteric picornavirus nt sequences in this study
and others available in GenBank presented similarities
varying from 98.4 to 100% for PTV, 92.4% to 96.2% for
PSV, and 87.1 to 99.2 % for EV-G. The similarities of se-
quences herein with other nt sequences from PTV, PSV,
and EV-G Brazilian field strains previously reported varied
from 97.7% to 98.4% for PTV, 95.4% for PSV, and 99.2%
to 100% for EV-G. The phylogenetic tree formed 3 clusters,
with each of the porcine enteric picornavirus strains from
wild boars of Brazil clustered together with their related
viruses. The different serotypes of PTV, PSV, and EV-G eval-
uated in this study are presented in the phylogenetic tree,
with the GenBank accession number of each of the virus
sequence presented in parentheses (Fig.1).
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Fig.1. Maximum likelihood phylogenetic tree construction using the kimura two-parameter model based on the partial (130 nt) 5’-non-
-translated region of porcine enteric picornavirus strains available in GenBank, previously published sequences of Brazilian strains
(indicated by O - PTV, A - PSV, and o - EV-G) and Brazilian PTV (e BRA/UEL-WB01/13), PSV (A BRA/UEL-WB20/13), and EV-G
(m BRA/UEL-WB40/13) wild boar strain sequences in this study. A bovine kobuvirus nt sequence was used as the outgroup. The
GenBank accession numbers of the representative sequences and Brazilian strains presented herein are indicated in parentheses.
Bootstrap values determined in 1,000 replications. (*) refer to PTV nt sequence < 200 bp; this PTV Brazilian sequence is: GAAA-
GACCTGCTCTGGCGCGAGCTAAAGCGCAATTGTCACCAGGTATTGCACCAATGGTGGCGACAGGGTACAGAAGAGCAAGTACTCCTGACTGGG-
CAATGGGACTGCATTGCATATCCCTAGGCACCTATTGAGATTTCTCTGGGGCCCACCAGC.

DISCUSSION

To the best of our knowledge, this is the first molecular re-
port of porcine enteric picornaviruses in wild boars from
a South American country. The genetic relationship of the
PTV, PSV, and EV-G strains from Brazilian wild boars with
other sequences, including different serotypes of these
viruses, was demonstrated in the phylogenetic tree. The
detection of the three porcine enteric picornaviruses was
performed for the highly conserved region of the 5-NTR
of the virus genomes and the primer sets used were suita-
ble for specific detection and differentiation of these three
porcine enteric picornaviruses. However, a genomic region
under higher selection pressure, such as VP1 gene, should
be more useful for deeper phylogenetic analyses and classi-
fication of the Brazilian wild-boar strains herein.
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The overall frequencies of each virus detected herein
are similar to a study performed in the Czech Republic, in
which EV-G was most commonly detected, followed by PTV
and PSV in the 72 fecal samples evaluated from wild boars
up to 1 year of age (Prodélalova 2012). Considering single
and mixed infections, the results of both of these studies
(Prodélalova 2012) are also convergent, with PTV and EV-G
double infections detected in higher frequencies, followed
by the triple viral infections. In both studies, PSV was de-
tected with the least frequency. However, we are aware
that this is a limited study and a higher number of samples
should be evaluated for an adequate comparison with re-
sults from other studies.

A study performed in Spain reported that PTV was more
frequently detected than PSV and, as it was observed in the
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results of the present study, single infections by PSV were
not identified (Cano-Gémez et al. 2013). Despite some di-
fferences in the PCR techniques, protocols, and ages of the
evaluated animals in the two previous reports (Prodélalova
2012, Cano-Gémez et al. 2013) and in this study, the results
are based on molecular assays that target the 5’-NTR re-
gion of the porcine enteric picornavirus’ RNA. The simila-
rities among the results presented herein, in the Czech and
Spanish studies may indicate that wild boars are more sus-
ceptible to infection by EV-G and PTV. In addition, Boros et
al. (2012a) proposed a novel EV-G genotype, provisionally
named PEV-15, after characterizing the complete genome
sequence of an EV-G strain from a wild boar. This same re-
search group also suggested that there may be PTV strains
well-adapted or specific to wild boar host species (Boros et
al. 2012b).

The age-dependent prevalence of porcine enteric pi-
cornavirus infections is not well defined. Based on results
from domestic pigs, animals of all ages are susceptible to
enteric picornavirus infections. However, the infection fre-
quency of these viruses varies within the age groups. Boros
etal. (2011) evaluated fecal samples of 10-day-old, 4-week-
-old, and 3-month-old pigs for EV-G and detected positive
results only in the younger age group. On the other hand,
the investigation of EV-G infection in pigs with ages varying
from 4 to 26 weeks detected that 10- to 15-week-old ani-
mals were more frequently infected with this viral species
(Yang etal. 2013).

Another study investigated PTV, PSV, and EV-G in su-
ckling (< 4 weeks of age), post-weaning (4-12 weeks of
age), slaughter (6 months of age), and adult pigs and de-
tected the 3 viruses in all age groups, except for PSV, which
was not detected in adult animals (Prodélalova 2012). In
contrast, a Brazilian study reported the 3 viruses in post-
-weaning pigs (4-8 weeks old) but did not detect PSV in
suckling piglets (1-3 weeks old) (Donin et al. 2014). Co-
-infections with 2 or 3 porcine enteric picornaviruses were
common in the different age groups (Prodélalova 2012,
Cano-Gomez et al. 2013, Donin et al. 2014).

Age-related studies of wild boar enteric picornavirus
infections are rare, and the results from this animal species
must be compared with domestic pig-based data, which are
also limited. The present study detected PTV, PSV, and EV-G
more frequently in animals up to 7 months of age relati-
ve to adult (2- to 4-year-old) wild boars. Another research
group reported high frequencies of positive results for EV-G
and PTV infections in 6- and 8-week-old wild boars (Boros
et al. 20123, Boros et al. 2012b). Due to the lack of data,
the results from these studies represent supplementary in-
formation that should be used in further age distribution
investigations of porcine enteric picornavirus infections in
wild boars.

Sus scrofa, Pecari tajacu, and Tayassu pecari are pheno-
typically and behaviorally similar and largely distributed in
distinct Latin American regions. For these reasons, pecca-
ries were evaluated as possible alternative host species for
porcine enteric picornaviruses. Peccaries tested negative
for the viruses and in this study they did not represent in-
fection reservoirs.

It is believed that wild boars were largely introduced
into Brazilian territory in the beginning of 1990s through
the border with Uruguay, possibly motivated by food de-
mands or due to clandestine import for breeding reasons.
In that same decade, wild boars were imported from Euro-
pe and Canada, which were also intended for breeding. Ho-
wever, some animals escaped from captivity and, currently,
their offspring are still free living. Despite the efforts of
the Brazilian government to control the growth of the wild
boar population, this animal species is currently present in
many states of Brazil, living free or in captivity (Deberdt &
Scherer 2007).

Wild boars were noted to be possible infectious dise-
ase sources for livestock and/or humans (Ruiz-Fons et al.
2008, Meng et al. 2009); some of these diseases are inclu-
ded in the World Organization for Animal Health’s (OIE) list
of notifiable diseases and infections (OIE 2014). Many of
the reported wild boar virus infections, such as HEV, PoR-
VA, and porcine influenza A virus are known to infect other
animal species and are considered important zoonotic di-
seases (Ruiz-Fons et al. 2008, Meng et al. 2009, Okadera et
al. 2013, Biondo et al. 2014). Therefore, the potential risks
of disease transmission among wild animals and livestock
and/or the human population cannot be ignored.

CONCLUSIONS

The expansion and intensification of livestock produc-
tion systems requires the constant surveillance of emer-
ging and reemerging infectious diseases.

The introduction of microorganisms associated with
wild animals in livestock-based farming systems, the in-
terspecies transmission due to increased contact between
domestic and wild animals, and the adaptation (genetic
mutation) of pathogens to alternative animal species are
factors that highlight the importance of the molecular epi-
demiological monitoring of enteric microbial and potential
pathogens in farm animals.

To the authors’ knowledge, this study represents the
first molecular screening for PTV, PSV, and EV-G from these
wild animal species of Latin America.

The surveillance of infectious diseases in wildlife spe-
cies may positively impact animal welfare, livestock pro-
duction, and the environment and public health.
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