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Porcine group A rotavirus (PoRVA) is a major cause of neonatal diarrhea in suckling
and recently weaned piglets worldwide. The involvement of non-group A rotavirus in cases
of neonatal diarrhea in piglets are sporadic. In Brazil there are no reports of the porcine
rotavirus group C (PoRVC) as etiologic agent of the diarrhea outbreaks in piglets. The aim
of this study was to describe the identification of rotavirus group C in single and in mixed
infection with rotavirus groups A and B in three neonatal diarrhea outbreaks in suckling
(s21-day-old) piglets, with 70% to 80% and 20% to 25% of morbidity and lethality rates,
respectively, in three pig herds located in the state of Santa Catarina, Brazil. The diagnosis
of PoRV in the diarrheic fecal samples was performed using polyacrylamide gel electropho-
resis (PAGE) to identify the presence of porcine rotavirus groups A, B (PoRVB), and C, and
by RT-PCR (PoRVA and PoRVC) and semi-nested (SN)-PCR (PoRVB) to partially amplify the
VP4 (VP8%*)-VP7, NSP2, and VP6 genes of PoRVA, PoRVB, and PoRVC, respectively. One RT-
PCR (PoRVA and PoRVC) and SN-PCR (PoRVB) product of each group of rotavirus of each
diarrhea outbreak was submitted to nucleotide (nt) sequence analysis. Based on the PAGE
technique, 4 (25%) and 1 (6.25%) of the 16 diarrheic fecal samples evaluated in the first
outbreak presented PoRVA and PoRVC electropherotype, respectively, and 11 (68.75%)
were negative. In the second outbreak, 3 (42.85%) of the 7 fecal samples evaluated pre-
sented PoRVA electropherotype, and in 3 (42.85%) and in 1 (14.3%) fecal samples were de-
tected inconclusive and negative results, respectively. Three (30%) of the 10 fecal samples
of the third outbreak presented PoRVC electropherotype; 5 (50%) and 2 (20%) samples
showed negative and inconclusive results, respectively. Based on the RT-PCR and SN-PCR
assays in the first neonatal diarrhea outbreak, PoORVC was detected in 13 (81.2%) of the
16 diarrheic fecal samples evaluated. PORVC single infection was identified in 4 (25%) of
these samples and mixed infections with PORVA and PoRVB in 9 (56.2%) fecal samples. All
of the seven diarrheic fecal samples evaluated from the second neonatal diarrhea outbreak
were positive for PORVC, whereas its mixed infection with other PoRV groups was detected
in 4 (57.2%) samples. In the third outbreak, PoRVC in single infection was detected in all of
the 10 diarrheic fecal samples analyzed. In the nt sequence analysis, the PoRVA strains of
the first and second outbreaks demonstrated higher nt identity with G4P[6] and G9P[23]
genotypes, respectively. The PoRVB strains (first and second outbreaks) and the PoRVC
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strains (first, second, and third outbreaks) showed higher nt identity and clustered in the
phylogenetic tree with PoORVB and PoRVC strains that belong to the N4 and I1 genotypes,
respectively. This is the first description in Brazil of the involvement of PoRVC in the etio-
logy of diarrhea outbreaks in suckling piglets. The results of this study demonstrated that
PoRVC, in both single and mixed infections, is an important enteropathogen involved in
neonatal diarrhea outbreaks in piglets and that the use of more sensitive diagnostic tech-
niques allows the identification of mixed infections involving two or even three groups of
PoRV, which may be more common than previously reported.

INDEX TERMS: Diarrhea, rotaviruses, RT-PCR, mixed infection, swine.

RESUMO.- [Surtos de diarreia em leitdes lactentes por
rotavirus grupo C em infec¢des singulares e mistas (ro-
tavirus grupos A e B).] O rotavirus suino grupo A (PoRVA)
é uma das principais causas de diarreia neonatal em leitoes
lactentes e recém-desmamados em todo o mundo. As des-
crigdes do envolvimento de rotavirus ndo-grupo A em qua-
dros de diarreia neonatal em leitdes sdo esporadicas. No
Brasil ndo ha relatos do envolvimento do rotavirus suino
grupo C (PoRVC) na etiologia dos surtos de diarreia em lei-
toes. O objetivo deste estudo foi descrever a identificacdo
de rotavirus grupo C em infec¢des singulares e mistas com
os rotavirus grupos A e B em trés surtos de diarreia neona-
tal em leitdes lactentes (<21 dias de idade), com taxas de
morbidade de 70% a 80% e de letalidade de 20% a 25%,
em trés rebanhos suinos localizados no estado de Santa Ca-
tarina, Brasil. O diagnoéstico de PoRV nas amostras de fezes
diarreicas foi realizado por eletroforese em gel de poliacri-
lamida (PAGE) para identificar a presenca dos grupos A, B
(PoRVB), e C de rotavirus suino e por RT-PCR (PoRVA e PoR-
VC) e semi-nested (SN)-PCR (PoRVB) com a amplificacdo
parcial dos genes VP4 (VP8*)-VP7, NSP2 e VP6 de PoRVA,
PoRVB e PoRVC, respectivamente. Um produto de RT-PCR
(PoRVA e PoRVC) e SN-PCR (PoRVB) de cada grupo de rota-
virus de cada um dos trés surtos de diarreia foi submetido
a andlise da sequéncia de nucleotideos (nt). Com base na
técnica de PAGE, 4 (25%) e 1 (6,25%) das 16 amostras de
fezes analisadas no primeiro surto apresentaram eletrofe-
rotipo caracteristico de PORVA e PoRVC, respectivamente, e
11 (68,75%) amostras fecais foram negativas. No segundo
surto, 3 (42,85%) das 7 amostras de fezes analisadas apre-
sentaram perfil eletroforético de PoRVA; em 3 (42,85%) e
em 1 (14,3%) amostras de fezes foram detectados resulta-
dos inconclusivos e negativos, respectivamente. Trés (30%)
das 10 amostras de fezes do terceiro surto apresentaram
eletroferotipo caracteristico de PoRVC; 5 (50%) e 2 (20%)
amostras apresentaram resultados negativos e inconclusi-
vos, respectivamente. Com base nos resultados da RT-PCR e
SN-PCR, no primeiro surto de diarreia neonatal o PoRVC foi
detectado em 13 (81,2%) das 16 amostras de fezes diarrei-
cas analisadas, sendo que em 4 (25%) amostras foi identi-
ficada infecgdo singular e em 9 (56,2%) amostras infec¢cdo
mista com PoRVA e PoRVB. Todas as sete amostras de fezes
diarreicas provenientes do segundo surto de diarreia ne-
onatal foram positivas para o PoRVC, enquanto infec¢oes
mistas com outros grupos de PoRV foram detectadas em
4 (57,2%) amostras. No terceiro surto o PoRVC foi detec-
tado em infeccdo singular em todas as dez amostras de
fezes diarreicas analisadas. Na analise da sequéncia de nt
as cepas de PoRVA do primeiro e segundo surtos demons-
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traram maior identidade de nt com os genotipos G4P[6] e
G9P[23], respectivamente. As cepas de PoRVB (primeiro e
segundo surtos) e as cepas de PoRVC (primeiro, segundo
e terceiro surtos) mostraram maior identidade de nt com
cepas de PoRVB e PoRVC que pertencem aos genotipos N4
e I1, respectivamente. Esta é a primeira descrigdo realizada
no Brasil do envolvimento de PoRVC na etiologia de surtos
de diarreia em leitdes lactentes. Os resultados deste estudo
demonstram que o PoRVC, tanto em infec¢cdes singulares
quanto em infec¢oes mistas, € um importante enteropato-
geno envolvido em surtos de diarreia neonatal em leitoes e
que o uso de técnicas de diagndstico mais sensiveis permite
caracterizar que infeccdes mistas, com dois ou até mesmo
com trés grupos de PoRV, podem ser mais comuns do que
anteriormente relatado.

TERMOS DE INDEXACAO: Diarreia, rotavirose, RT-PCR, infecg¢ao
mista, suinos.

INTRODUCTION

Neonatal diarrhea is the most important health problem in
suckling and recently weaned piglets throughout the world
(Tubbs et al. 1993). Diarrhea is the result of the combina-
tion of several factors, including infectious agents, host im-
munity, and management procedures (Wittum et al. 1995).
Neonatal diarrhea increases the morbidity and mortali-
ty rates in the maternity units and nurseries of pig farms
worldwide, causing direct and indirect economic losses to
the pig industry (Dewey et al. 1995, Wittum et al. 1995).
Newborn piglets are susceptible to infection by several
enteric microorganisms, including bacteria (enterotoxigen-
ic Escherichia coli and Clostridium perfringens type C), pro-
tozoans (Cryptosporidium spp and Isospora suis), and virus-
es (rotavirus, coronavirus, and calicivirus) (Barry, Alfieri &
Alfieri 2008, Zlotowski et al. 2008, Jeong et al. 2009, Lin-
ares et al. 2009, Médici et al. 2011, Marthaler et al. 2012).
Rotaviruses are the main viral etiologic agents of diar-
rhea in children and the young animals of a wide variety
of mammalian and avian species throughout the world
(Estes & Kapikian 2007). Rotaviruses belong to the Reoviri-
dae family and are characterized by double-stranded RNA
(dsRNA) containing 11 genomic segments and by capsids
composed of three concentric protein layers. Based on the
antigenic properties of the capsid protein in the middle
layer (VP6), rotaviruses are classified into 5 distinct groups
(A to E), and two tentative species (F and G) (ICTV 2013).
Recently, a new group (H) was described by Matthijnssens
etal. (2012). The A, B, C, and H rotavirus (RV) groups have
been found in humans and animals, whereas groups D-G
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have been identified only in animals (Estes & Kapikian
2007). However, rotavirus group A (RVA) is the main group
of rotaviruses that cause diarrhea in human (infants) and
young animal hosts (Estes & Kapikian 2007).

Porcine group A rotavirus (PoRVA) infections are most
frequently identified in episodes of diarrhea in piglets
worldwide, including in Brazil (Linares et al. 2009, Halaihel
etal. 2010, Médici et al. 2011, Lorenzetti et al. 2011); how-
ever, the involvement of porcine rotavirus groups B and C
(PoRVB and PoRVC) in weaning and post-weaning piglets
with diarrhea has also been reported mainly in transversal
epidemiological studies (Magar et al. 1991, Zlotowski et al.
2008, Médici et al. 2010a, 2010b, Médici et al. 2011, Mar-
thaler et al. 2012).

RVC has been associated with enteritis in humans, pigs,
calves, dogs, and ferrets, and this group of RV is considered
an important emerging agent of viral diarrhea in these spe-
cies (Torres-Medina 1987, Teixeira et al. 1998, Otto et al.
1999, Médici etal. 2011, Park et al. 2011). In Brazil, RVC has
been identified as a cause of diarrhea in human and animal
hosts (Teixeira et al. 1998, Médici et al. 2010b, 2011).

Most studies have reported the involvement of a single
PoRV group with the occurrence of diarrhea in piglets, al-
though some studies showed infection with a mixed of PoORV
groups in piglets with clinical signs of diarrhea (Kim et al.
1999, Barreiros et al. 2003, Martella et al. 2007, Linares
et al. 2009, Médici et al. 2011). A combination of different
groups of PoRVs can intensify the severity of the piglets’
diarrhea, although mixed infections have been detected in
piglets without these clinical signs (Marthaler et al. 2012).

According to the two outer capsid proteins, VP7 and
VP4, the RVA is classified into G (glycoprotein) and P (pro-
tease-sensitive) genotypes, respectively (Estes & Kapikian
2007). To date, 27 G and 37 P genotypes of RVA have been
described in human and animal hosts (Matthijnssens et al.
2011, Trojnar et al. 2013). Based on the VP6 gene, the RVC
strains have been classified into three genotypes, designat-
ed I1, 12, and I3. The genotypes 11, 12, and I3 are composed
of porcine, human, and bovine strains, respectively (Ya-
mamoto et al. 2011). The NSP2 gene of RVB was recently
classified into four genotypes, designated N1, N2, N3, and
N4. The genotype N1 is composed by human and murine
strains, the genotype N2 by porcine and bovine strains
and the genotypes N3 and N4 are formed only by porcine
strains (Suzuki et al. 2012).

The aim of this study was to describe the identification
of rotavirus group C in single and in mixed infection with
rotavirus groups A and B in three neonatal diarrhea out-
breaks in suckling piglets in Brazilian pig herds.

MATERIALS AND METHODS

The neonatal diarrhea outbreaks occurred in June 2007 (first),
November 2011 (second), and August 2013 (third) in three di-
fferent pig farms located in the state of Santa Catarina, south of
Brazil, and exhibited 70% to 80% and 20% to 25% of morbidity
and lethality rates, respectively. These complete-cycle pig farms
of medium size (* 400 sows) had a confinement system (all-in/
all-out) and good nutritional and health management practices
including sows vaccination against etiological agents of neona-

tal diarrhea such as Escherichia coli (K88, K99, 987P, and F41),
PoRVA (genotypes G4 and G5), and Clostridium perfringens type
C. Sampling consisted of 33 diarrheic fecal samples with a watery
consistency from suckling (<3-week-old) piglets, with 16 fecal
samples coming from the first diarrhea outbreak, 7 samples from
the second, and 10 samples from the third. All diarrheic fecal sam-
ples analyzed in this study were collected from live piglets.

Viral dsRNA was obtained from the fecal samples using a com-
bination of phenol/chloroform/isoamyl alcohol (25:24:1) and si-
lica/guanidinium isothiocyanate nucleic acid extraction methods,
modified as described by Alfieri et al. (2006). The OSU strain am-
plified in MA104 cells was used as the positive control for PORVA
and two porcine fecal samples with electropherotype characteris-
tics of group B or C that were confirmed by nucleotide sequence
analysis were used as positive controls for PORVB and PoRVC, res-
pectively (accession numbers: EF577257 and EU002783) (Médici
etal. 2010a,b). Aliquots of Tris-Ca?* buffer were used as a negative
control. Positive and negative controls were used for all of the viral
RNA extraction, RT-PCR, and semi-nested (SN)-PCR procedures.

All diarrheic fecal samples were tested by 7.5% polyacrylami-
de gel electrophoresis (PAGE) followed by silver staining as des-
cribed by Herring et al. (1982) and Pereira et al. (1983), respecti-
vely, to verify the presence of porcine rotavirus groups A, B, and C.

The diagnoses of PoRV in the diarrheic fecal samples were
also were conducted using RT-PCR for RVA, with primers that am-
plified 876-bp and 1,062-bp products from the VP4 (VP8*) and
VP7 genes, respectively (Gouvea et al. 1990, Gentsch et al. 1992).
SN-PCR was performed for RVB using primers that amplified a
434-bp product of the NSP2 gene (Gouvea et al. 1991), and RT-
-PCR was performed for RVC using primers that amplified a 270-
bp product of the VP6 gene (Alfieri et al. 1999).

The RT-PCR (PoRVA and PoRVC) and SN-PCR (PoRVB) pro-
ducts were analyzed using 2% agarose gel electrophoresis, stai-
ning with ethidium bromide, and visualization under UV light.

One RT-PCR (PoRVA and PoRVC) and SN-PCR (PoRVB) product
of each group of rotavirus of each diarrhea outbreak was purified
using the GFX PCR DNA and Gel Band Purification Kit (GE Health-
care, Little Chalfont, Buckinghamshire, UK) and quantified using
a Qubit® Fluorometer (Invitrogen Life Technologies, Eugene, OR,
USA). The DNA sequences were obtained using a BigDye® Termi-
nator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA, USA) and an ABI3500 Genetic Analyzer sequencer (Applied
Biosystems, Foster City, CA, USA). Sequence quality analyses were
conducted using Phred and CAP3 software (http://asparagin.ce-
nargen.embrapa.br/phph/). Sequence similarity searches were
performed using the BLAST program (http://blast.ncbi.nlm.nih.
gov/), and identity matrix analyses were performed using BioE-
dit version 7.1.3.0. Phylogenetic trees were constructed using the
neighbor-joining method and the Kimura two-parameter model
in MEGA software version 5.05. The bootstrap probabilities of
each node were calculated using 1,000 replicates.

The sequences of PoRVA, PoRVB, and PoRVC described in the
present study have been deposited in the GenBank database un-
der the accession numbers: KF991082 to KF991090.

RESULTS

In PAGE analysis, 11 (68.75%), 4 (25%), and 1 (6.25%)
of diarrheic fecal samples evaluated in the first outbreak
presented negative results, PoORVA, and PoRVC electrophe-
rotype, respectively (Table 1). In the second outbreak, 3
(42.85%), 3 (42.85%), and 1 (14.3%) of the fecal samples
presented PoRVA electropherotype, inconclusive, and ne-
gative results, respectively (Table 1). Five (50%) fecal sam-
ples of the third outbreak were negative in PAGE, 3 (30%)
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Table 1. Porcine rotavirus (PoRV) groups identified by PAGE technique, RT-PCR and SN-PCR
assays in three diarrhea outbreaks in suckling pigs

Infection PoRV group Outbreaks / Number of positive samples (%)
PAGE RT-PCR/SN-PCR
First Second Third Total (%) First Second Third Total (%)
Single A 4(25) 3(42.85) 0 7 (21.2) 1(6.25) 0 0 1(3)
B 0 0 0 0 0 0 0 0
C 1(6.25) 0 3(30) 4(12.1) 4(25) 3(42.8) 10(100) 17 (52)
Mixed A+B 0 0 0 0 0 0 0 0
A+C 0 0 0 0 6 (37.5) 2(28.6) 0 8 (24)
B+C 0 0 0 0 1(6.25) 0 0 1(3)
A+B+C 0 0 0 0 2(12.5) 2(28.6) 0 4(12)
Subtotal 5(31.25) 3(42.85) 3(30) 11(33.3) 14(87.5) 7(100) 10(100) 31
Inconclusive# 0 3(42.85) 2(20) 5(15.2) 0 0 0 0
Negative* 11 (68.75) 1(14.3) 5(50) 17(51.5) 2 (12.5) 0 0 2 (6)
Total 16 7 10 33 16 7 10 33

PAGE = polyacrylamide gel electrophoresis; RT-PCR = reverse transcriptase-polymerase chain reaction; SN-PCR

= semi-nested PCR; # inconclusive samples in PAGE; * negative samples in PAGE, RT-PCR, and SN-PCR.

exhibited PoRVC electropherotype, and 2 (20%) fecal sam-
ples presented inconclusive results (Table 1).

Based on the RT-PCR and SN-PCR assays, 14 (87.5%)
of the 16 diarrheic fecal samples evaluated in the first ne-
onatal diarrhea outbreak were PoRV-positive. PORVC was
the most prevalent group, being identified in 13 (81.2%) of
these fecal samples. Single infections of PoORVC were iden-
tified in 4 (25%) of the fecal samples and mixed infections
with other PoRV groups were identified in 9 (56.2%) of
the samples (Table 1). In the second outbreak, PoRV was
identified in all (n=7) of the fecal samples analyzed. PoRVC
was identified in all of fecal samples from this diarrhea ou-
tbreak, as a single infection in 3 (42.8%) samples and as a
mixed infection with other PoRV groups in 4 (57.2%) of the
fecal samples (Table 1). All of the 10 diarrheic fecal samples
evaluated from the third outbreak were positive for PoORVC
in single infection (Table 1).

Sequence analysis of the VP7 gene of RVA and compa-
rison with the 27 known G genotypes revealed that the
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Ecu534-Human G20P[28] (EUS05775)
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B383-Cow G15P[11] (FJ347116)
69M-Human G8P4[10] (EF672560)
ETD_822-Mouse G16P[16] (GQ479955)
Azuk-1-Cow G21P[29] (AB454421)
KE4852/07-Bat G25P[6] (GUIB3676)
1.26-Human G12P[4] (M58290)
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Wa-Human G1P1A[8] (K02033)
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ST3-Human G4P2A[6] (X13603)
Gottfried G4P2B[6] (X06759)
DS-1-Human G2P1B[4] (AB118023)

T

74 Dai-10-Cow G24P([33] (AB513837)
BRA900/2007-Po (first outbreak) PoRVA strain displayed il Ty-3-Turkey G7P([17] (ABOBO737)
83% and 84.2% nucleotide (nt) identity with the human T"hff:(z‘@;:’;;sf;‘ Cs;zz’;’g (FN383054)
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the G4 genotype, respectively, and the BRA82/2011-Po (se- W ——————— 02V0002G3-Chicken G19P(30] (FJ169861)
cond outbreak) PoRVA strain displayed 88.4% and 91% nt 99 03V0002E10-Turkey G22P(35] (EU486973)
identity with the human (WI61 strain) and porcine (JP29-6 —

strain) prototypes of the G9 genotype, respectively (Fig.1).

Comparison of the VP4 gene (VP8* subunit) of RVA with
the 37 known P genotypes revealed that the BRA900/2007-
-Po (first outbreak) PoRVA strain exhibited 88.4% and
79.6% nt identity with the human (ST3 strain) and porcine
(Gottfried strain) prototypes of the P[6] genotype, respec-
tively, and the BRA82/2011-Po (second outbreak) PoRVA
strain exhibited 91.5% nt identity with the porcine (A34
strain) prototype of the P[23] genotype (Fig.2).

The NSP2 sequence of the two Brazilian wild-type PoR-
VB strains of the firstand second outbreaks (BRA900/2007-
-Po and BRA82/2011-Po) displayed 79.3 to 90.5 nt identi-
ty with the PoRVB strains that belong to the N4 genotype
and showed 100% nt identity each other. These sequences
exhibited high nt identity with the Brazilian PoRVB strains
(89% to 90.5%) (Fig.3).
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Fig.1. Phylogenetic tree based on the partial nucleotide sequences
(nt 103-1020) of the VP7 gene from PoRVA strains described
in this study and those of representative strains of each 27 ge-
notypes recognized thus far. The tree was constructed using
neighbor-joining and Kimura two-parameter as a nucleotide
substitution model. The bootstrap values are shown at the
branch nodes (values < 50% not shown). The Brazilian PORVA
strains from the first and second diarrhea outbreaks are ma-
rked with a filled square and a filled circle, respectively.

Sequence analysis of the VP6 gene of the three Bra-
zilian wild-type PoRVC strains of the three outbreaks
(BRA905/2007-Po, BRA82/2011-Po, and BRA1437/2013-
-Po) displayed 83.8% to 96.9% nt identity with the PoRVC
strains that belong to the 11 genotype. The VP6 sequence of
the three PoRVC strains described in this study displayed
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Fig.2. Phylogenetic tree based on the partial nucleotide sequences
(nt 60-778) of the VP4 (VP8*) gene from PoRVA strains des-
cribed in this study and those of representative strains of each
37 genotypes recognized thus far. The tree was constructed
using neighbor-joining and Kimura two-parameter as a nu-
cleotide substitution model. The bootstrap values are shown
at the branch nodes (values < 50% not shown). The Brazilian
PoRVA strains from the first and second diarrhea outbreaks
are marked with a filled square and a filled circle, respectively.

high (85.3% to 96.9%) nt identity with the Brazilian PoRVC
strains (Fig.4).

DISCUSSION

Identification of enteric pathogens as causative agents of
diarrhea in piglets has been conducted worldwide. The
majority of the surveys evaluated only one pathogen, re-
sulting in insufficient information about the frequency and
severity of diarrhea caused by concomitant infections with
multiple enteropathogens (Barreiros et al. 2003, Linares et
al. 2009); however, more recently some studies have iden-
tified several different enteric agents in pig fecal samples
(Martella et al. 2007, Jeong et al. 2009, Halaihel et al. 2010,
Médici et al. 2011, Marthaler et al. 2012).

In Brazil, the association of different PoRV groups in
piglet enteritis has been reported in transversal epidemio-
logical studies carried out in distinct pig farms, not all of
which were involved in a diarrhea outbreak (Médici et al.
2011). Considering the variety of enteric pathogens that
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Fig.3. Phylogenetic tree based on the partial nucleotide sequences
(nt 58-405) of the NSP2 gene from PoRVB strains described in
this study and representative strains of the 4 genotypes recog-
nized thus far. The tree was constructed using neighbor-joi-
ning and Kimura two-parameter as a nucleotide substitution
model. The bootstrap values are shown at the branch nodes
(values < 50% not shown). The Brazilian PoRVB strains from
the first and second diarrhea outbreaks are marked with a fil-
led square and a filled circle, respectively.
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Fig.4. Phylogenetic tree based on the partial nucleotide sequences
(nt 53-250) of the VP6 gene from PoRVC strains described in
this study and representative strains of 3 the genotypes re-
cognized thus far. The tree was constructed using neighbor-
-joining and Kimura two-parameter as a nucleotide substi-
tution model. The bootstrap values are shown at the branch
nodes (values < 50% not shown). The Brazilian PoRVC strains
from the first, second, and third diarrhea outbreaks are ma-
rked with a filled square, a filled circle, and a triangle filled,
respectively.

can be isolated from the fecal samples of suckling piglets,
the lack of recent multiple etiological studies is compro-
mising the success of preventive measures.
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PoRVC has been described as a cause of diarrhea out-
breaks in weaning and post-weaning pigs, which in some
cases leads to substantial morbidity rates (Morin et al.
1990, Kim et al. 1999, Martella et al. 2007). Single infec-
tions of PORVC have been detected in piglets, but this PoORV
group was more frequently detected in piglets in associa-
tion with other PoRV groups or with other enteric viruses
(Médici et al. 2011, Marthaler et al. 2012). Martella et al.
(2007) reported that in piglets, PORVC was more frequently
detected in association with other viruses, such as PoORVA
and calicivirus, than as a single infectious agent.

The high morbidity (70% to 80%) and lethality (20%
to 25%) rates observed in the three neonatal diarrhea out-
breaks reported in this study might have involved a patho-
genic PoRVC strain in the third outbreak and by the simul-
taneous infections with different groups of PoRV in the
other two outbreaks. Dual infections involving bovine RVA
and RVC have been reported in neonatal diarrhea episodes
in gnotobiotic calves, generally with intestinal lesions, such
as villous atrophy and lymphoid hyperplasia, which were
more severe than the single-infection lesions (Chang et al.
1999).

The lower frequency of reports of piglet diarrhea caused
by PoRVB and PoRVC cannot be a consequence of a low in-
fection rate but rather of the use of less sensitive diagnostic
techniques. Polyacrylamide gel electrophoresis is the most
practical and low-cost method used for RV diagnosis in ani-
mal production; however, this diagnostic method exhibits
low sensitivity and thus PoRVB and PoRVC infections are
frequently not identified (Xu et al. 1990, Médici et al. 2011).
The several enzyme-linked immunosorbent assay (ELISA)
kits available (commercial or in-house) are specifically de-
signed to identify only RVA. Some studies have confirmed
that the frequency of diagnosis of RVB and RVC as single or
mixed infections increased with the use of more sensitive
diagnostic techniques, such as RT-PCR assay (Alfieri et al.
1999, Médici et al. 2011).

The G4P[6] and G9P[23] genotypes of RVA detected in
the first and second diarrhea outbreaks, respectively, have
been detected in Brazilian pig herds (Lorenzetti et el. 2011,
Tonietti et al. 2013). Similarly, the genotypes N4 of RVB
(NSP2 gene) and 11 of RVC (VP6 gene) have been described
in fecal samples of piglets in Brazilian pig herds (Médici et
al. 2010a,b).

The immune pressure induced by mass vaccination
could promote reassortment, rearrangement, and zoonotic
transmission of RVA strains between human and animal
hosts (Matthijnssens et al. 2009). Lorenzetti et al. (2011)
suggested that the immune pressure induced by commer-
cial vaccine on neonatal diarrhea control might have al-
lowed the selection and emergence of PoORVA strains. In this
study, the sows vaccinated with an attenuated commercial
vaccine for neonatal diarrhea control that included PoRVA
protected most of the piglets for group A rotavirus infec-
tion and might have influenced in the selection or emer-
gence of PoRVC strains.

The present study indicated that PoRVC, both in sin-
gle and mixed infections with PoRVA and PoRVB was the
main PoRV group detected in the three neonatal diarrhea

Pesq. Vet. Bras. 34(5):391-397, maio 2014

outbreaks and that the use of more sensitive diagnostic te-
chniques allowed the identification of mixed infections of
PoRV groups and the elucidation of the etiology of diarrhea.
PoRVC can also be considered an important viral etiologic
agent in the diarrhea outbreaks in suckling piglets, and
therefore more studies of infections involving the atypical
PoRV groups are needed. To the best of our knowledge, this
is the first study about the involvement of PoRVC in diar-
rhea outbreaks in suckling piglets in Brazil.
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