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Molecular characterization of a porcine sapovirus strain 
isolated from a piglet with diarrhoea: a case report
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ABSTRACT: Porcine sapoviruses, members of the family Caliciviridae, have been considered as an aetiological 
agent of gastroenteritis in pigs. In this study, we analysed 251 faecal samples obtained from 3 to 90 day-old diar-
rhoeic pigs in the Czech Republic between January 2005 and June 2010 and tested them by negative staining electron 
microscopy for the presence of sapoviruses. Only one sample showed the presence of viral particles with charac-
teristic sapovirus morphology. The presence of sapovirus (SaV) was confirmed by an RT-PCR assay with primers 
specific for the sapoviral RNA polymerase and capsid genes. Phylogenetic analysis based on a partial sequence of 
the RNA polymerase gene placed the new Czech isolate into the GVII genogroup of porcine sapoviruses; how-
ever, analysis of a portion of the capsid gene sequence classified the isolate as GIII of the genus Sapovirus. These 
contradictory findings indicate that recombinant porcine sapovirus was identified. According to our knowledge 
this is the first description of porcine sapovirus in domestic pigs in the Czech Republic.
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Sapoviruses (SaVs), members of the genus Sapo- 
virus, are small, non-enveloped, positive sense, sin-
gle-stranded RNA viruses that belong to the family 
Caliciviridae (Oliver et al., 2006). Porcine SaV was 
first identified in a faecal sample of a diarrhoeic pig-
let (Sus scrofa f. domestica) by electron microscopy 
in the United States in 1980 (Saif et al., 1980; Guo 
et al., 1999) and later the pathogenic potential of 
porcine SaV was demonstrated in experimental in-
fections of gnotobiotic pigs (Flynn et al., 1988; Guo 
et al., 2001). Recent studies have considered SaVs 
as causative agents of gastroenteritis in swine (Kim 
et al., 2006; Jeong et al., 2007; Zhang et al., 2008). 
Since certain porcine SaV strains are closely related 
to human SaVs genetically (Wang et al., 2007), their 
zoonotic potential cannot be ruled out (Bank-Wolf 
et al., 2010).

Porcine SaVs have been detected in several 
European countries (Reuter et al., 2007, 2010; 
Martella et al., 2008; Mauroy et al., 2008; Collins 
et al., 2009), Asia (Kim et al., 2006; Yin et al., 2006; 

Yang et al., 2009) and the Americas (Martinez et al., 
2006; Wang et al., 2006; Barry et al., 2008; L’Homme 
et al., 2009), indicating their worldwide distribu-
tion. Nevertheless, there is still a lack of informa-
tion regarding SaV epidemiology because porcine 
SaVs are not included in the routine diagnosis of 
porcine pathogens (Collins et al., 2009).

SaVs are usually detected using electron mi-
croscopy and RT-PCR methods. For direct virus 
detection in faecal samples, electron microscopy 
based on the typical morphology of viral particles 
is conventionally used, but this method is rela-
tively insensitive (Hazelton and Gelderblom, 2003). 
Sapoviruses have a classic cup-shaped morphology 
and can be clearly detected using electron micros-
copy in diarrheal faeces when the faecal sample is 
collected early in the course of an infection (Green 
et al., 2000; Atmar and Estes, 2001). For the detec-
tion of sapoviral RNA in faecal samples, RT-PCR 
based on the detection of RNA dependent RNA 
polymerase (RdRp) or capsid genes has been used 
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in epidemiological studies (Jiang et al., 1999; Guo et 
al., 2001; Kim et al., 2006). The results of RT-PCR 
analysis of faecal samples from diarrhoeic piglets 
suggest that sapoviruses are associated with diar-
rhoea in piglets either alone or in combination with 
other enteric pathogens (Jeong et al., 2007; Reuter 
et al., 2007; Martella et al., 2008; Zhang et al., 2008). 
Using RT-PCR methods, porcine sapoviruses have 
been detected in both symptomatic and asympto-
matic animals (Reuter et al., 2010).

Porcine SaVs are divided into four genogroups 
(GIII, GVI, GVII, GVIII) based on complete capsid 
gene sequences (Martella et al., 2008; Wang et al., 
2005; Yin et al., 2006); nevertheless, the majority of 
porcine sapoviruses including the prototype strain 
Cowden, belong to GIII (Guo et al., 1999). Recently, 
two potential new genogroups, GIX and GX, were 
described by Reuter et al. (2010). Similar to other 
RNA viruses, recombination events complicate the 
classification of SaVs and both intra- and inter-
genogroup recombinant SaV strains have been de-
tected (Hansman et al, 2005; Wang et al. 2005).

Since the epidemiological situation of SaV in the 
Czech Republic is completely unknown, the aim of 
this study was to examine the occurrence of por-
cine SaVs in diarrhoeal faeces obtained from pigs 
on Czech farms.

Case description

Between January 2005 and June 2010, a total of 
251 samples collected on 139 farms in the Czech 
Republic from piglets aged between three and 
90  days showing symptoms of diarrhoea were 
examined by electron microscopy. The samples 
were screened in the laboratory for the presence 
of aetiological agents of viral gastroenteritis. The 
supernatants of 10% faecal suspensions in phos-
phate buffered saline (PBS, pH 7.2) were negatively 
stained with 2% ammonium molybdenate and ob-
served with a Philips EM 208 transmission electron 
microscope.

RNA was extracted from faecal suspensions us-
ing TRI Reagent LS (Molecular Research Center, 
Cincinnati, USA) supplemented with Polyacryl 
Carrier (Molecular Research Center, Cincinnati, 
USA), according to the manufacturer’s instruc-
tions. The RNA was stored at –80 °C until used. 
To ensure the suitability of isolated RNA prior to 
reverse transcription and PCR amplifications, in-
ternal quality control of extracted RNA (RECK; 

Nanogen Advanced Diagnostics) was performed. 
Reverse transcription was carried out in a 50 µl 
volume using SuperScript III Reverse Transcriptase 
(Invitrogen), random hexamers (Invitrogen) and the 
specific primers p290 and capsid F in accordance 
with the manufacturer’s instructions. Two micro-
litres of RT product were used in PCRs performed 
using the HotStarTaq Master Mix Kit (Qiagen) and 
the P290/289 primer pair (Jiang et al., 1999) target-
ing the conserved sequences of the RdRp region 
and the F and R capsid primer pair specific for the 
capsid gene (Kim et al., 2006). RdRp PCR consisted 
of a hot start performed for 15 min, followed by 
40 cycles of 30 s at 94 °C, 90 s at 49 °C and 60 s at 
72 °C, and a final extension at 72 °C for 10 min. The 
capsid-specific PCR consisted of 95 °C for 15 min 
followed by 35 cycles of 94 °C for 30 s, 50 °C for 30 s, 
72 °C for 1 min and a final extension of 72 °C for 
7 min. Expected 331 bp and 757 bp amplicons were 
analyzed by ethidium bromide (0.5 µg/ml)-stained 
1.5% agarose gel electrophoresis in TBE buffer and 
were visualized under UV light.

PCR products were purified using the Wizard 
SV Gel and PCR Clean up system (Promega), and 
sequenced (Elisabeth Pharmacon, Brno, Czech 
Republic) using the p290/289 primer pair and 
capsid F and R primers. At least two amplification 
products from two independent RT-PCR reactions 
were sequenced. Sequence editing, assembling and 
analysis were performed using BioEdit version 
5.0.9 (Hall, 1999). Nucleotide sequences of porcine 
strains of the genus Sapovirus and selected calici-
viruses available in the GenBank were compared 
with obtained sequences of the Czech sapovirus 
strain using BLAST utility (http://www.ncbi.nlm.
nih.gov/BLAST). The classification and GenBank 
accession numbers of reference strains for phylo-
genetic analyses are listed in Table 1. Phylogenetic 
analyses were carried out by the unweighted pair 
group method with arithmetic mean (UPGMA) 
with bootstrap (1000 replicates) using the MEGA 
software package v4.0 (Tamura et al., 2007). The 
viral strains used for phylogenetic analyses are 
listed in Table 1.

Out of 251 samples analysed by electron micros-
copy, two samples, P1884/2 and H252, were found 
to be positive for calicivirus-like particles. However, 
only sample P1884/2 contained particles with char-
acteristic sapovirus morphology with cup-shaped 
depressions (Figure 1). Both calicivirus-like particle-
positive samples were tested by RT-PCR for calicivi-
rus RNA. Sample H252 yielded a negative result in 
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a PCR with RdRp- and capsid-specific primers. On 
the other hand, PCR analysis of the P1884/2 sample 
resulted in amplification with both primer pairs, in 
agreement with electron microscopy.

Sequencing and phylogenetic analysis of a par-
tial capsid sequence obtained from sample P1884/2 
showed that the Czech porcine enteric calicivirus 
strain P1884/2 was tightly clustered (bootstrap value 

Table 1. Summary of the sapovirus strains and reference strains for Lagovirus, Norovirus, and Vesivirus genera used 
in phylogenetic analysis

Strain Genus/genogroup-genotype Abbreviation GenBank accession No.

Hu/Sapporo/82/JP SaV/GI-1 Sapporo HM002617

Hu/Parkville/94/US SaV/GI-2 Parkville U73124

Hu/Stockholm/97/SE SaV/GI-3 Stockholm AF194182

Hu/Bristol/98/UK SaV/GII-1 Bristol AJ249939

Hu/Mex340/90/MX SaV/GII-2 Mex340 AF435812

Hu/Cruise ship/00/US SaV/GII-3 Cruise ship AY289804

Hu/Mc10/00/TH SaV/GII-4 Mc10 AY237420

Hu/C12/00/JP SaV/GII-5 C12 AY603425

Po/SaV/Cowden/80/US SaV/GIII Cowden NC000940, AF182760

Po/SaV/Ch-Sw-Sa1/08/CHN SaV/GIII Ch-Sw-Sa1 EU59922

Po/SaV/8D/05/IRE SaV/GIII 8D/05 FJ975602

SWECI/VA10/NL SaV/GIII VA10 AY615807

Po/SaV/OH-MM280/03/US SaV/GIII MM280 AY823308

Po/SaV/JB-SC55/04/Korea SaV/GIII JB-SC55 DQ389628

PEC/swine-Id3/2005/HUN SaV/GIII Id3 DQ383274

Po/SaV/JB-GC155/05/KO SaV/GIII JB-GC155 DQ389610

Hu/Hou7-1181/90/US SaV/GIV Hou7 AF435814

Hu/Argentina39/ARG SaV/GV Arg39 AY289803

Po/SaV/OH-JJ681/00/US SaV/GVI JJ681 AY974192

Po/SaV/MI-QW19/02/US SaV/GVII QW19 AY826424

SWECII/VA14 SaV/GVII VA14 AY615810

Po/SaV/OH-LL26/02/US SaV/GVIII LL26 AY974195

Po/SaV/K7/JP SaV/GVIII K7 AB221130

Po/SaV/9/07/IRE SaV/GVIII 9/07 FJ975601

Po/SaV/43/06-18p3/06/ITA SaV/GVIII 43/06-18p3 EU221477

SWECIII/VA59/NL SaVG? VA59 AY615813

Sapovirus Po/B2194/Brazil SaVG? B2194 DQ359032

Po/SaV/K19/JP SaVG? K19 AB223004

SWECIII/VA112/NL SaVG? VA112 AY615814

Po/SaV/K11/JP SaVG? K11 AB223000

Po/SaV/K24/JP SaVG? K24 AB223005

SWECIII/VA24a/NL SaVG? VA24a AY615812

Mink/SaV/151A/CAN SaVG? mink 151A AY144337

Ra/RHDV/GH/1988/GE Lagovirus RHDV M67473

Fe/FCV/F9/1958/US Vesivirus FCV M86379

Hu/Norwalk/68/US Norovirus Norwalk M87661
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100%) with the genogroup GIII strains JB-GC155/
Korea, Cowden/US and MM280/US (Figure 2). 
Among GIII reference strains and the Czech isolate, 
the paired comparison showed the highest similar-
ity between P1884/2 and JB-GC155/Korea (93%). 
Classification of sapoviruses is usually based on 
the capsid sequence and phylogenetic analysis of 

strain P1884/2 using the capsid sequence has con-
firmed its classification into the genus Sapovirus 
(Shuffenecker et al., 2001). The UPGMA phyloge-
netic analysis of the RdRp sequence surprisingly 
showed only 50–53 % nt identity with the GIII ref-
erence strains, but formed a tight cluster with strain 
K7/JP instead, which is a prototype of the GVII ge-

Figure 1. Electron micrograph showing 
Sapovirus particles from a swine faecal 
sample negatively stained with 2% ammo-
nium molybdenate
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Figure 2. UPGMA phylogenetic 
tree based on a partial sequence 
of the capsid gene (674 nt; located 
at nucleotide positions 5771–6444 
in the Cowden virus genome) of 
human and animal caliciviruses. 
The P1884/2 porcine sapovirus 
strain identified in this study is 
marked with a black triangle (▼). 
The scale represents genetic dis-
tances as units of expected nt sub-
stitutions per site
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nogroup (Figure 3). The grouping was statistically 
supported by a 100% bootstrap value. Within the 
GVII genogroup, nt identity varied between 80% 
and 88% and strain P1884/2 was genetically more 
related to strain LL26/US than to other members 
of GVII (strains K7/JP and 9/07/IRE).

The sequences of the strain P1884/2 were submit-
ted to the GenBank database and can be found under 
accessions numbers HQ423162 and HQ423163.

DISCUSSION AND CONCLUSIONS

The contradictory results of phylogenetic analysis 
of the RdRp and capsid genes indicate the detection 
of a recombinant strain (Wang et al., 2005; Jeong et 
al., 2007), although we cannot exclude the possibility 
that co-infection of the piglet occurred and that the 
two obtained sequences originated from two differ-
ent strains. However, due to the low prevalence of 
sapoviruses in the Czech Republic (only one positive 
sample out of 251 tested in this study), co-infection 
is a less likely hypothesis and we believe it is more 
likely that we did indeed detect recombinant virus 
as has been reported by Wang et al. (2005).

To the best of our knowledge, this is the first 
report indicating the occurrence of porcine SaVs 

in pigs in the Czech Republic. Since the 251 sam-
ples were collected only from pigs showing clinical 
symptoms of enteritis and because only one sample 
tested positive, it seems that SaVs are not wide-
spread in the Czech Republic. However, these data 
do not reveal the epidemiological significance of 
porcine SaVs on Czech pig farms since the detection 
of enteric viruses in faecal specimens using elec-
tron microscopy requires particle concentration 
of at least 106 per ml of faeces (Atmar and Estes, 
2001). Although a negative result using electron 
microscopy is not an absolute diagnosis (Hazelton 
and Gelderblom, 2003), the low positivity of pigs 
was further corroborated using RT-PCR (data not 
shown), and we therefore assume that the preva-
lence of SaV enterits in pigs in the Czech Republic 
is indeed low.
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