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Abstract
Fecal samples from 27 pigs were longitudinally analyzed for Teschovirus A (TV-A), Sapelovirus A (SV-A), and
Enterovirus G (EV-G) RNA presence. Suckling piglet fecal samples were negative for the three enteric picornaviruses.
However, these picornaviruses were detected in 22/27 weaned pig fecal samples. This study provides new data on TV-A,
SV-A, and EV-G infection dynamics.
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Introduction

The Picornaviridae family is divided into 40 genera and in-
cludes viruses of importance in human and animal health. The
viruses of this family are small, non-enveloped, and have a
single-stranded positive-sense RNA (ssRNA) genome [1].
Porcine enteric picornaviruses were previously classified
into the Enterovirus genus. Studies on the biological and
molecular features of porcine enteroviruses led to their re-
classification into Teschovirus A (TV-A), Sapelovirus A
(SV-A), and Enterovirus G (EV-G), each belonging to
three distinct genera [1, 2].

Porcine enteric picornaviruses have been reported in
domestic pigs and wild boars in Asia [3–6], Europe

[7–10], North America [11, 12], Central America [13,
14], and South America [15, 16]. Pigs of all ages are sus-
ceptible to infection with TV-A, SV-A, and EV-G, which
are viruses that circulate worldwide in asymptomatic do-
mestic pigs [10]. However, depending on the virus sero-
type and infection conditions, these picornaviruses may be
considered important etiological agents of enteric, respira-
tory, reproductive, or neurological disorders in young and
adult animals [17].

To date, little information on the epidemiology of TV-A,
SV-A, and EV-G infections is available, and there are no lon-
gitudinal studies based on the enteric picornavirus infection
dynamics and fecal excretion. Considering that suckling and
weaned pigs are included in the producing categories with a
higher susceptibility to enteric virus infections; pigs belonging
to these age groups were the target of this investigation. The
aim of this longitudinal study was to evaluate the dynamics of
TV-A, SV-A, and EV-G natural infection by the analysis of
fecal excretion of these three viruses during two life periods
(suckling and weaning) of young pigs.

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

Samples included in this study were derived from pig
feces collected from a single multi-site pig farm located in
Guarapuava City (25° 23′ 43″ S, 51° 27′ 29″ W), the
central-southern region of Paraná state, Brazil, and stored
at − 80 °C.
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The farm consisted of three sites. Site 1 housed breeder,
gestating, and farrowing sows, as well as suckling piglets up
to 3 weeks of age. During the fourth week of age, piglets were
weaned and moved to site 2, where they were housed until
they were 8 weeks old. The distance between sites 1 and 2 was
of approximately 80 m. Site 3 was a grower-to-finish unit
where 9 to 24-week-old animals were raised. Animals were
raised with good nutritional and sanitary practices, including
Ball-in, all-out^ management. Reproductive management was
done by artificial insemination.

Fecal samples were collected directly from the rectum ac-
cording to the age of the animals. Solid, pasty, and liquid
consistency pig fecal samples (n = 54) from 24 litters that were
sampled during the suckling (2 to 3 weeks old, n = 27) and
resampled later during the weaning (4 to 6 weeks old, n = 27)
period were included in this survey. Piglets were born from 12
non-vaccinated sows and 12 sows vaccinated for porcine
Rotavirus A (RVA). Additionally, normal consistency fecal
samples from second (n = 1) and fourth (n = 2) parity sows
that had farrowed four of the animals sampled in this study
also were investigated for the viruses. Fecal samples of these
sows were collected at the moment of the parturition.

The nucleic acids were extracted from fecal suspensions
using a combination of phenol/chloroform/isoamyl alcohol
(25:24:1) and silica/guanidinium isothiocyanate extraction
methods [18, 19]. Fecal samples BRA/UEL1/11, BRA/
UEL-WB20/13, and BRA/UEL4/13, previously known as
positive for TV-A, SV-A, and EV-G [15, 16] and an aliquot
of ultrapure autoclaved water were included as positive and
negative controls, respectively, during the nucleic acid ex-
traction and the following procedures. The presence of TV-
A, SV-A, and EV-G ssRNA in fecal samples was deter-
mined using previously described RT-nested PCR assays
[16, 17].

Considering the likely co-infection of porcine enteric pi-
cornaviruses and rotavirus, all the samples included in this
study were screened by RT-PCR assays for porcine RVA
VP4 and VP7 genes [20, 21], and the RVB NSP2 [22], RVC
VP6 [23], and RVH VP6 genes [24].

Two TV-A, three SV-A, and three EV-G nested PCR
amplicons of high quality on agarose gels were selected for
sequencing analysis. For the RVA genotype determination,
amplicons of G (VP7) and P (VP4) genes were also se-
quenced. Sequence quality analyses and consensus sequences
were assembled using Phred and CAP3 software, respectively
(http://asparagin.cenargen.embrapa.br/phph/). Only
sequences with base quality ≥ 20 were used. Similarity
searches were performed with sequences deposited in
GenBank using the Basic Local Alignment Search
Tool—BLAST software (http://blast.ncbi.nlm.nih.gov/Blast.
cgi). A phylogenetic tree based on nucleotide (nt) was obtain-
ed using the maximum likelihood statistical method based on
the kimura 2-parameter model (MEGA 7), which provided

statistical support via bootstrapping with 1000 replicates.
Sequence alignment and identity matrix were performed using
BioEdit software version 7.1.11.

The 27 fecal samples from piglets during the suckling pe-
riod were negative for the three porcine enteric picornaviruses
evaluated in this study. Among the 27 feces that were collect-
ed from the same animals during the weaning age, five were
negative for all of these viruses. Eighteen fecal samples from
the weaned pigs were positive for TV-A, 15 for SV-A, and 22
for EV-G. Single EV-G excretion was detected in only three
fecal samples. Double (TV-A and EV-G / SV-A and EV-G)
and triple (TV-A, SV-A, and EV-G) virus excretions were
detected in four, one, and 14 fecal samples, respectively. The
results according to the age groups at which animals were
sampled and the feces consistency at the moment of collection
are presented in Table 1 and Table S1. Fecal samples from the
three tested sows were negative for the porcine enteric
picornaviruses.

Porcine RVAwas the only RV species detected in the fecal
samples evaluated herein. A total of eight fecal samples were
positive for RVA, of which two were from suckling piglets
(2 weeks old) and six were from weaned pigs. Six and two
animals were born from non-vaccinated and vaccinated sows,
respectively. RVA-positive fecal samples from suckling pig-
lets were presenting with both solid and pasty consistency;
feces of the weaned pigs were of a pasty consistency, except
for a unique RVA-positive solid fecal sample from this age
group. It was not possible to determine the RVA genotypes in
the fecal samples of the suckling piglets and for two of the
weaned pigs. The RVA genotypes identified in four of the
weaned pig fecal samples were G5P[13], G9P[23], and
G9P[X]. RVA G5P[13] was detected in two weaned pig fecal
samples, of which one was positive for the three porcine en-
teric picornaviruses and the other was negative for all of them.
RVA G9P[23] was detected in co-infection with TV-A and
EV-G, and RVA G9P[X] was detected in co-infection with
SV-A and EV-G.

Sequencing analysis confirmed the specificity of TV-A,
SV-A, and EV-G amplicons. The TV-A nt sequences de-
scribed in this study (BRA/UEL-T508/12 and BRA/UEL-
T565/12) are shorter than 200 bp and therefore were not sub-
mitted to the GenBank (supplementary material). The TV-A
sequences herein were 97.4% similar to each other and pre-
sented nt similarities varying from 96.1 to 99.3% with TV-A
strains of Brazil and other countries. The SV-A nt sequences
in this study (BRA/UEL-S417/12, BRA/UEL-S508/12, and
BRA/UEL-S509/12; GenBank accession numbers
KR139669, KR139670, and KR139671, respectively) were
100% identical to each other and showed 96.1% to 99% sim-
ilarity with SV-A nt sequences available in the GenBank, in-
cluding Brazilian strains. Finally, the EV-G nt sequences here-
in (BRA/UEL-E418/12, BRA/UEL-E508/12, and BRA/UEL-
E605/12; GenBank accession numbers KR139672,
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KR139673, and KR139674, respectively) were 99.6% to
100% identical to each other and had 88.4% to 99.6% nt
similarity with other Brazilian and foreign EV-G strains. The
phylogenetic tree shows the genetic relationship of the porcine
enteric picornavirus strains in this study with the related vi-
ruses (Fig. 1).

This first longitudinal analysis for porcine enteric picorna-
virus fecal shedding showed that animals in the suckling age
were not excreting TV-A, SV-A, and EV-G in feces, but there
was virus shedding detected in the same sampled pigs at
weaning age. These are novel data that contribute to the un-
derstanding of the infection dynamics of the porcine enteric
picornaviruses.

A possible explanation for the negative results from suck-
ling piglets evaluated in this study is that these animals might
not be experiencing productive infection at the moment of the
fecal collection. It is also likely that they have ingested good
quality colostrum, with high titers of specific antibodies
against TV-A, SV-A, and EV-G, providing lactogenic immu-
nity and protection for litters against early infection with these
viruses. The negative results from all the piglets at suckling
age in this study also suggested that the investigated viruses
might not be circulating in this site of the herd, indicating that
the sanitary conditions of the farm unit might have influenced
the porcine enteric picornavirus infection rates in the farrow-
to-weaning pig herd site.

Regarding the weaned animals, post-weaning is a critical
period in a pig’s life due to nutritional, environmental, and
social changes. These facts and the decline in their passive
antibodies may lead to poor animal health condition, making
pigs more susceptible to infections. Additionally, the mixing
of animals of different litters is a common management prac-
tice at nursery age [25]. These might be an explanation for the

increasing rate of detection of porcine enteric picornavirus
infections in animals at this age.

In this study, porcine enteric picornavirus infections
were shown to increase with the age of the animals, sug-
gesting that the pig-to-pig route is an important via of TV-
A, SV-A, and EV-G transmission. The role of sows as
sources of porcine enteric picornavirus infection transmis-
sion to piglets was not evaluated in this study. However,
normal consistency fecal samples from sows (n = 3) that
had farrowed four of the animals sampled in this study
were investigated for the three viruses, which were not
detected. The TV-A, SV-A, and EV-G infections and ex-
cretion from sows during the gestational, farrowing, and
lactation periods and of their offspring during the suckling
age should be continuously monitored to assess the poten-
tial sow-to-piglet transmission of the porcine enteric picor-
naviruses. Additionally, it is important to evaluate other
sources of virus shedding by sows, such as milk and urine.

Studies conducted in Hungary [7], Czech Republic [10],
China [26], and Vietnam [27] reported pigs at different ages
were all susceptible to TV-A, SV-A, and EV-G infections;
however, the prevalence of these viruses varied within the
age groups. A previous Brazilian porcine enteric
picornavirus-based study reported suckling piglets of distinct
Brazilian geographical regions as positive for TV-A and EV-G
infections, while SV-Awas not detected in this age group [15].
Although in that study suckling piglets were positive for the
viruses, porcine enteric picornavirus infections were less fre-
quent in 1- to 3-week-old animals than in pigs of 4 to 8 weeks
of age [15].

Studies have reported that TV-A is the most abundant por-
cine enteric picornavirus in pig feces, followed by SV-A,
while EV-G has been reported as the least common enteric

Table 1 Single and mixed
Teschovirus A, Sapelovirus A, and
Enterovirus G fecal excretion
detected by nested-PCR assays in
a longitudinal survey from pigs at
suckling and weaned ages

Porcine enteric
picornaviruses

Age group / fecal consistency TOTAL
(n = 54)

Suckling

(2–3 weeks old)

(n = 27)

Weaned

(4–6 weeks old)

(n = 27)

Solid Pasty Liquid Solid Pasty Liquid
(n = 15) (n = 9) (n = 3) (n = 4) (n = 19) (n = 4)

TV-A – – – – – – –

SV-A – – – – – – –

EV-G – – – 1 2 – 3

TV-A + SV-A – – – – – – –

TV-A + EV-G – – – – 3a 1 4

SV-A + EV-G – – – 1b – – 1

TV-A + SV-A + EV-G – – – 1 11c 2 14

TOTAL 0 0 0 3 16 3 22

TV-A, Teschovirus A; SV-A, Sapelovirus A; EV-G, Enterovirus G; −, negative samples

Rotavirus A RNA genotypes aG9P[23], b G9P[X], c G5P[13] were also identified in one fecal sample each
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PEV-10 LP 54 (AF363455)

PEV-B (NC 004441)

PEV-9 UKG/410/73 (AF363453)

PEV-9 Ch-ah-f1 (HM131607)

EV-G BRA/UEL4/13 (KF410646)

PEV-9 112(GU262994)

EV-G-BRA/UEL-E508/12 (KR139673)

EV-G-BRA/UEL-E605/12 (KR139674)

EV-G-BRA/UEL-E418/12 (KR139672)

EV-G BRA/UEL-WB40/13 (KJ187771)

EV-G BRA/UEL3/13 (KF410645)

PEV-9 146 (GU262993)

PEV-9 CH/NMGTL/2012 5 UTR (KF008210)

PEV-9 CH/LNDL/2012 5 UTR (KF008186)

PEV-9 UKG/216/80 (AF363454)

PEV-B KOR (JQ818253)

PEV-9 CH/HLJMDJ/2012 5 UTR (KF008199)

Enterovirus G

PSV CSH (HQ875059)

PEV-8 Sek 1562/98 (AY392556)

PEV-8 26-T-XII (AY392544)

PEV-8 16-S-X (AY392543)

PSV-8 V13 (AF406813)

PSV BRA/UEL2/13 (KF410643)

PSV BRA/UEL3/13 (KF410644)

SV-A-BRA/UEL-S417/12 (KR139669)

SV-A-BRA/UEL-S508/12 (KR139670)

SV-A-BRA/UEL-S509/12 (KR139671)

PSV YC2011 (JX286666)

PSV BRA/UEL-WB20/13 (KJ187770)

PEV-8 38-V-II (AY392545)

Sapelovirus A

PTV BRA/UEL1/11 (Donin et al. 2013)

PTV10 Vir 460/88 (AF296095)

PTV3 1-AA-VI (AY392540)

PTV1 Vir 2481/02 (GQ293228)

PTV4 PS 36 (AF296089)

PTV UKG/170/80 (AY392539)

TVA-BRA/UEL-T565/12 (*)

TVA-BRA/UEL-T508/12 (*)

PTV BRA/UEL3/13 (Donin et al. 2013)

PTV BRA/UEL-WB01/13 (Donin et al. 2015)

PTV6 Vir 3634/85 (AF296115)

PTV wild boar (JQ429405)

PTV8 25-T-VII (AF296118)

PTV4 (JQ975417)

PTV11 Dresden (AF296096)

PTV1 NC 003985

PTV2 Stendal 2532 (AY392537)

PTV5 Sek 254/97 (GQ293234)

PTV CC25 (JN859128)

PTV8 (JQ664746)

PTV Fuyu/2009 (HQ020378)

Teschovirus A

outgroupBovine kobuvirus (AB084788)

99

97

86

99

1

Fig. 1 Genetic relationship of
Teschovirus A (TV-A),
Sapelovirus A (SV-A), and
Enterovirus G (EV-G) of
Brazilian strains and other
published sequences which
represent the related viruses.
Maximum likelihood
phylogenetic tree construction
using the Kimura 2-parameter
model based on the partial 5′ non-
translated region of the enteric
picornavirus strains. GenBank
accession numbers of
representative sequences are TV-
A (●BRA/UEL-T508/12 and
●BRA/UEL-T565/12), SV-A
(▲BRA/UEL-S417/12, ▲BRA/
UEL-S508/12, and▲BRA/UEL-
S509/12), and EV-G (∎BRA/
UEL-E418/12, BRA/UEL-E508/
12, and ∎BRA/UEL-E605/12) in
this study, and other Brazilian
strains presented herein are
indicated between parentheses.
Bootstrap values (1000 replicates)
higher than 70% are shown.
Asterisk refers to TV-A nt se-
quences < 200 bp; these TV-A
sequences are available as
supplementary material
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picornavirus [8]. The results in this study are in agreement
with previous porcine enteric picornavirus-based studies con-
ducted in Brazil that revealed that TV-A was detected most
frequently (45%, 18/40), followed by EV-G (40%, 16/40);
SV-A was the least (17.5%, 7/40) common virus present in
the fecal samples evaluated and was not detected in the feces
of suckling piglets [15]. In another Brazilian study in which
fecal samples from wild boars were evaluated, the results re-
vealed that EV-G was most frequently (11/22, 50%) detected,
followed by TV-A (10/22, 45.5%) and SV-A (4/22, 18.2%)
[16].

Studies have reported different clinical manifestations
associated with TV-A, SV-A, and EV-G infections, includ-
ing diarrhea [11, 28]. Although the overall detection rates
for the investigated viruses were detected from pasty to
liquid consistency fecal samples in this study (19/23,
82.6%), it was not possible to correlate the virus’s presence
with diarrhea. Van Dung et al. [27] detected EV-G in fecal
samples from animals with and without diarrhea; however,
it was not possible to associate the presence of the virus
with the occurrence of enteritis because there was no sig-
nificant difference in the detection rates according to fecal
consistency. Additionally, histopathological evaluation
should be performed to confirm and classify the enteritis;
however, intestinal samples of these animals were not
available. In the Brazilian survey, the porcine enteric pi-
cornaviruses were more frequently found in diarrheic fecal
samples, although it was not possible to determine an as-
sociation between illness and diarrhea due to the small
sample evaluated [15]. Nevertheless, these viruses cannot
be excluded as a causative agent of diarrhea. On the other
hand, TV-A, SV-A, and EV-G RNA detection in solid fecal
samples could indicate that porcine enteric picornaviruses
were not always associated with the occurrence of diarrhea
in this study. To properly assess the association of the
virus’s presence with the occurrence of diarrhea, it is nec-
essary to design a specific investigation, including the
evaluation of infections with other porcine enteric viruses,
such as rotaviruses, caliciviruses, picobirnavirus,
Aichivirus C, Senecavirus A, and Torque teno sus virus,
which are endemic in Brazilian pig herds [24, 29–38].

Porcine rotaviruses were also investigated, and only RVA
was detected in eight of the fecal samples, which were from
suckling (n = 2) and weaned (n = 6) animals born from porcine
RVA vaccinated and non-vaccinated sows. Porcine RVA ge-
notype combinations G5P[13] and G9P[23] identified in the
fecal samples analyzed in this study have already been report-
ed in pigs from Brazil [34, 35, 39]. Porcine RVB, RVC, and
RVH RNA were not detected in the fecal samples evaluated
herein. Diarrhea is the result of the combination of several
factors, including infectious agents, host immunity, and man-
agement procedures [40]. A porcine RVA infection is consid-
ered to be one of the most important causative agents of

diarrhea in piglets [34]. The non-RVA vaccination history of
most of the sows, which delivered these piglets, should pre-
dispose their piglets to virus infection, especially during the
neonatal period. However, RVA was detected in 2-week-old
and 5- to 6-week-old pigs; the normal and pasty fecal consis-
tency in these animals suggests that this infection was not
necessarily associated with the occurrence of diarrhea, likely
due to the good management practices conducted on the farm,
limiting the occurrence of the predisposing factors associated
with diarrhea.

To the best of authors’ knowledge, this study represents
the first longitudinal survey for porcine enteric picornavi-
rus fecal excretion. The results indicated that TV-A, SV-A,
and EV-G early infection was not a common event and that
horizontal transmission, primarily from pig-to-pig contact,
is important for the maintenance of virus circulation within
a pig herd. The TV-A, SV-A, and EV-G infection dynamics
require continuous attention in pig herds since intestinal
health is directly related to productivity parameters in the
pork industry.
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