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ABSTRACT.	 To determine the occurrence and genetic diversity of Sapelovirus A (SV-A) in diarrhea and non-diarrhea feces of Korean pigs, 110 
specimens from different age groups of pigs in the same farm were analyzed by RT-nested PCR. SV-As were detected in 60% of both diar-
rhea and non-diarrhea specimens regardless of age groups with primer pairs for 2C region, in which all diarrhea samples were co-infected by 
other enteric pathogens. Phylogenetical analysis of partial VP1 region showed that our strains and several other Korean strains belonged to 
cluster I, distinct from some strains reported in Korea and other countries. These data indicate that genetically distinct SV-As are frequently 
detected in Korean pigs irrespective of diarrhea and age.
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Sapelovirus A (SV-A), a member of new genus Sapelo-
virus within the family Picornaviridae, has typical pi-
cornavirus genome organization of 5′ untranslated region 
(UTR)-L-VP4-VP2-VP3-VP1-2A-2B-2C-3A-3B-3C-3D-3′ 
UTR [1, 11]. However, the structural genome features within 
SV-A strains are different, i.e., the cis-acting RNA element 
(CRE) in the 2C coding region and kissing domain in the 
3′UTR between the recent Korean and Chinese strains, and 
past English and Chinese strains are different [11]. Likewise, 
SV-A strains isolated from the different countries or conti-
nents or even in the same country have antigenic diversities 
[2]. These differences in antigenic and genomic features 
could influence the virulence and/or pathogenicity of SV-A 
strains isolated in the recent and past decades from different 
regions or countries [11].

SV-As can cause many symptoms ranging from asymp-
tomatic to symptomatic infections including diarrhea, pneu-
monia, polioencephalomyelitis and reproductive disorders 
[2]. Although only a limited number of epidemiological 
studies on SV-A infections in different countries have been 
reported [3–5, 8, 14], the reported prevalence has ranged 
from 36.6% in the Czech Republic [8] to 69.2% in Japan 
[5]. A recent Spanish study has demonstrated that SV-A is 
detected in the fecal samples from asymptomatic pigs and 

its infection has an age predilection to postweaning pigs 
[10, 14, 15]. In Korea, SV-A infections are common in pigs 
with diarrhea [12]. However, the occurrence and genetic 
diversity of SV-As in fecal samples from asymptomatic pigs 
and age predilection in both diarrhea and asymptomatic pigs 
are largely unknown. Therefore, the aim of this study was 
to determine the occurrence and genetic diversity of SV-As 
as well as its age predilections in both diarrhea and healthy 
Korean pigs from different age groups.

To determine the exact occurrence of SV-A infections 
across all age groups and their association with diarrhea, 110 
fecal specimens from diarrheic or non-diarrheic pigs from 
previously SV-A positive farm [12] were collected during 
the winter of 2011 (Table 1). The ages and number of pigs 
(age of pigs at sample collection; no. of collected samples 
[diarrheic/non-diarrheic]) tested were as follows: suckling 
(≤3 weeks; n=30 [15/15]), weaned (≤8 weeks; n=20 [10/10]), 
grower (≤20 weeks; n=20 [10/10]), finisher (≥20 weeks; 
n=20 [10/10]) and sows (≥1 year; n=20 [10/10]). To detect 
SV-A RNA in each fecal sample, RT-nested PCR assays with 
primer pairs specific to VP1 or 2C regions were performed 
with extracted RNA [12]. In addition, other common enteric 
pathogens including viruses and bacteria were screened by 
RT-nested PCR, PCR or specific agar media [12]. To deter-
mine the genetic diversity of SV-A in each age group, nested 
PCR products for partial VP1 (542 bp) region were purified 
using GenClean II kit (BIO 101, LaJolla, CA, U.S.A.). 
DNA sequencing was carried out using an automated DNA 
sequencer (ABI system 3700; Applied Biosystem, Foster 
City, CA, U.S.A.) [12]. Using DNA Basic module (DNAsis 
MAX, Alameda, CA, U.S.A.), the partial nucleotide se-
quences of VP1 (500 bp, devoid of primer pair sequences) 
were compared to those of other known SV-A sequences. 
Phylogenetic analyses based on nucleotide alignments were 
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conducted using MEGA 6 software package [13]. Genetic 
distances between our strains and other reference strains 
were calculated using Kimura-2 correction parameter at the 
nucleotide level. Phylogenetic trees were constructed using 
neighbor-joining method with 1,000 bootstrap replicates. 
Data analysis was performed with Fisher’s exact test at con-
fidence level of 95% (P<0.05) using SPSS Statistics version 
20 for Windows (SPSS, Chicago, IL, U.S.A.).

The RT-nested PCR assays revealed different sensitivities 
for SV-As depending on primer pairs (Table 1). The detec-

tion rate by RT-nested PCR assay with primer pairs specific 
to SV-A 2C region was 60%, whereas VP1 region-targeting 
RT-nested PCR assay showed 11% positive rate. The 60% 
detection rate was similar to that reported in Japan [5]. SV-
As were highly detected throughout all age groups (Table 1). 
This indicates that SV-A infections in Korea have no age 
predilections, unlike that in Spanish pigs [14]. Importantly, 
no significant difference in SV-A infections between diar-
rhea and non-diarrhea groups among all age groups was ob-
served. SV-As are known to be able to cause asymptomatic 

Table 1.	 Detection rates of Sapelovirus A in pigs with diarrhea or non-diarrhea in different age groups by RT-nested PCR assays with 
primer pairs specific for VP1 and 2C regions

Age group
RT-nested PCR assays specific for

VP1 region 2C region
Diarrhea Non-diarrhea Total P valuea) Diarrhea Non-diarrhea Total P value

Suckling (≤3 weeks; n=30) 1/15 (7%) 0/15 (0%) 1/30 (3%) NS 10/15 (67%) 9/15 (60%) 19/30 (63%) NS
Weaned (≤8 weeks; n=20) 0/10 (0%) 1/10 (10%) 1/20 (5%) NS 4/10 (40%) 4/10 (40%) 8/20 (40%) NS
Grower (≤20 weeks; n=20) 3/10 (30%) 1/10 (10%) 4/20 (20%) NS 6/10 (60%) 7/10 (70%) 13/20 (65%) NS
Finisher (≥20 weeks; n=20) 0/10 (0%) 4/10 (40%) 4/20 (20%) 0.0253 7/10 (70%) 8/10 (80%) 15/20 (75%) NS
Sows (≥1 year; n=20) 1/10 (10%) 1/10 (10%) 2/20 (10%) NS 6/10 (60%) 5/10 (50%) 11/20 (55%) NS
Total 5/55 (9%) 7/55 (13%) 12/110 (11%) NS 33/55 (60%) 33/55 (60%) 66/110 (60%) NS

a) Data analysis was performed by Fisher’s exact test with confidence limits of 95% (P<0.05) using SPSS Statistics version 20 for Windows 
(SPSS). NS: Statistically no significant.

Table 2.	 Summary of enteric pathogens present in the samples obtained from pigs with diarrhea

Enteric pathogens presenta)
No. of samples (%)

Suckling Weaned Grower Finisher Sows Total
SV-A plus other pathogens (%) 10 (100%) 4 (100%) 6 (100%) 7 (100%) 6 (100%) 33 (100%)

PKV 5 (50%) 0 (0%) 1 (17%) 1 (14%) 4 (67%) 11 (33%)
PEV 8 (80%) 3 (75%) 4 (67%) 3 (43%) 2 (33%) 20 (61%)
PTV 1 (10%) 3 (75%) 6 (100%) 2 (29%) 2 (33%) 14 (42%)
PSaV 0 (0%) 0 (0%) 1 (17%) 2 (29%) 2 (33%) 5 (15%)
PRVA 9 (90%) 2 (50%) 3 (50%) 2 (29%) 6 (100%) 20 (61%)
PRVB 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PRVC 1 (10%) 3 (75%) 1 (17%) 1 (14%) 3 (50%) 9 (27%)
EPEC 0 (0%) 0 (0%) 0 (0%) 1 (14%) 0 (0%) 1 (3%)
C, perfringens 3 (30%) 1 (25%) 0 (0%) 0 (0%) 0 (0%) 4 (12%)
B. hyodysenteriae 0 (0%) 1 (25%) 1 (17%) 0 (0%) 0 (0%) 2 (6%)
B. pilosicoli 1 (10%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (3%)

SV-A negative but other pathogens (%) 5 (100%) 6 (100%) 4 (100%) 3 (100%) 4 (100%) 22 (100%)
PKV 3 (60%) 2 (33%) 0 (0%) 0 (0%) 2 (50%) 7 (32%)
PEV 3 (60%) 6 (100%) 3 (75%) 1 (33%) 2 (50%) 15 (68%)
PTV 0 (0%) 5 (83%) 3 (75%) 2 (67%) 3 (75%) 13 (59%)
PSaV 0 (0%) 0 (0%) 0 (0%) 3 (100%) 0 (0%) 3 (14%)
PRVA 4 (80%) 2 (33%) 3 (75%) 1 (33%) 3 (75%) 13 (59%)
PRVB 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (25%) 1 (5%)
PRVC 2 (40%) 4 (67%) 1 (25%) 0 (0%) 1 (25%) 8 (36%)
EPEC 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
C, perfringens 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 1 (5%)
B. hyodysenteriae 1 (10%) 1 (17%) 0 (0%) 0 (0%) 1 (25%) 3 (14%)
B. pilosicoli 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

a) SV-A: Sapelovirus A; PTV: Porcine teschovirus; PEV: Porcine enterovirus; PKV: Porcine kobuvirus; PRVA-C: 
Porcine groups A, B and C rotaviruses; PSaV: Porcine sapovirus; EPEC: Enteropathogenic Escherichia coli; C. 
perfringens: Clostridium perfringens; B. hyodysenteriae: Brachyspira hyodysenteriae; B. pilosicoli: Brachyspira 
pilosicoli.
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and symptomatic infection in the field and experimental pigs 
[2, 3, 9, 10]. Our results also confirmed that SV-As could be 
detected in both diarrhea and non-diarrhea fecal samples of 
Korean pigs.

Of the 55 diarrhea fecal samples from each age group, 
single infection of SV-A was not detected. However, 33 
samples (60%) tested as positive for SV-A were also positive 
for other common enteric pathogens (Table 2). Interestingly, 
coinfection status of SV-A with other enteric pathogens in 
each age group was quite different (Table 2). For example, 
occurrence of porcine enterovirus infection prevailed in 
suckling piglets (80%), whereas porcine teschovirus was 
most frequently detected in grower pigs (100%). The re-
maining 22 fecal samples (40%) tested as negative for SV-A 
were found to be positive for other common enteric patho-
gens (Table 2). Therefore, SV-A also co-infected with other 
enteric pathogens in Korean pigs, similar to the findings of 
previous reports regarding the status of coinfection of other 
enteric viruses in pigs with diarrhea [6, 8].

Sequence comparison of VP1 region is valuable for the 
determination of genetic relationships among picornavi-
ruses [7]. In this study, the nucleotide sequences of the 
partial VP1 region (500 nucleotides) among SV-A strains 
circulated in the same farm shared high nucleotide identi-
ties (96.1–99.2%), regardless of diarrhea (data not shown). 
However, these strains showed high genetic diversities with 
reported strains circulating in Korea, sharing 69.2 to 99.8% 
of nucleotide identities. These results suggest that SV-As 
have evolved in different pathways, resulting in distinct ge-
netic properties [12]. The hypervariability of VP1 nucleotide 
sequences of SV-As could also influence the genotype di-
versity [12]. Based on the phylogenetic analysis of the VP1 
region, SV-As could be classified into 11 clusters [12]. The 
current strains identified in this study, regardless of diarrhea, 
and several other Korean strains belonged to cluster I. They 
were distinct from other strains reported in Korean or other 
countries (Fig. 1). These data could support the hypothesis 
that different genetic diversity of SV-As can result in various 
genotypes or clusters [12].

In conclusion, SV-A infections are common in both diar-
rhea and non-diarrhea feces of pigs without age predilection. 
These SV-As that are genetically distinct from other known 
strains in Korea and other countries can co-infect pigs with 
other enteric pathogens. The virulence, pathogenesis and 
host ranges of these Korean SV-A strains distinct from other 
known strains remain to be determined in future studies.
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