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SUMMARY 

IMPORTANCE 
▪ Porcine sapovirus (PSaV) is a calicivirus that has been detected in pigs with and without diarrhea. Co-

infection with other enteric pathogens is common, although PSaV has been identified as the sole cause of 
diarrhea in a few outbreaks.  

▪ Overall, little is known about the epidemiology of PSaV.  

 

PUBLIC HEALTH  
▪ Human caliciviruses (including noroviruses and sapoviruses) are a leading cause of food- and water-borne 

gastroenteritis worldwide. 

▪ Some porcine and human SaVs are genetically similar. However, there is no documented transmission 

between pigs and people.  
 

INFECTION IN SWINE 
▪ Infection with PSaV is often subclinical.  

▪ Clinical illness occurs most frequently during the post-weaning period. Diarrhea can be mild to severe but 

is usually self-limiting. 
 

TREATMENT 
▪ There is no treatment for PSaV infection. In severely dehydrated pigs, administration of oral fluids may 

be indicated. 

 

CLEANING AND DISINFECTION 
▪ Caliciviruses are stable in the environment, surviving at high temperatures and in acidic conditions.  
▪ PSaV is inactivated by sodium hypochlorite at 2.5 mg/liter for 30 min. SaVs are potentially susceptible to 

acids, aldehydes, alkalis (sodium hydroxide), and oxidizing agents (Virkon-S®). 

 

PREVENTION AND CONTROL 
▪ The virus persists in the environment, making cleaning and disinfection critical for PSaV prevention. Sick 

pigs should be isolated to minimize contamination.  

 

TRANSMISSION 
▪ Transmission of enteric caliciviruses is thought to be fecal-oral. 
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PATHOGENESIS 
▪ PSaV binds both α2,3- and α2,6-linked sialic acids on O-linked glycoproteins expressed along the 

intestinal epithelium.  

▪ Bile acids are required for PSaV replication.  
 

DIAGNOSIS 
▪ The Cowden strain (PSaV-C) is the only cultivatable SaV.  

▪ Electron microscopy has been used to find PSaV particles in swine feces. PSaV antigen can be detected 

by immunofluorescence and immunohistochemistry.  
▪ Reverse transcriptase polymerase chain reaction (RT-PCR) assays have been described, including several 

that detect multiple enteric pathogens of swine.  

▪ Enzyme linked immunosorbent assays (ELISAs) have been developed to detect both PSaV antigen and 
anti-PSaV antibodies. 

 

EPIDEMIOLOGY 
▪ SaVs have been detected in humans, pigs (including wild boar), mink, canines, sea lions, and bats.  

▪ PSaV is most likely endemic in pigs worldwide. 

▪ Although PSaV is commonly associated with diarrhea, prevalence in feces from clinically ill and healthy 
pigs is often similar. 

 

ETIOLOGY 
▪ PSaV is a non-enveloped RNA virus in the family Caliciviridae. PSaV has previously been known as 

porcine enteric calicivirus. 
▪ Based on VP1 sequencing, there are currently 19 genogroups and at least 52 genotypes. 

▪ GIII is the prototypic porcine genogroup. However, there are eight genogroups and 21 genotypes that 

contain porcine SaVs (GIII, GV.3, GV.5, GVI.1-3, GVII.1-6, GVIII.1-2, GIX.1-2, GX.1-2, and GXI.1-
3). 

▪ Genetic recombination within and between genogroups is known to occur.  

 

HISTORY IN SWINE 
▪ Calicivirus-like particles were first reported in the intestinal contents of a 27-day-old nursing piglet with 

diarrhea in 1980. In 1999, genetic sequencing identified these particles as a SaV,1 and the first complete 

PSaV genome was published in 2017.  

▪ Only a few outbreaks of diarrhea have been solely attributed to PSaV, including one in China (2008) and 
one in Iowa (2019).  

 

IMMUNITY 
▪ Little is known about the immune response to PSaV. Experimentally, PSaV-infected piglets 

seroconverted at 21 days post-infection (dpi). Suckling piglets are likely protected by maternal antibodies 
until weaning.  

▪ No vaccines are commercially available for PSaV.  
▪ Genogroup-specific immunity is possible. 

 

GAPS IN PREPAREDNESS 
▪ PSaV is a known cause of diarrhea but many infections in swine are subclinical.  
▪ Further research is needed to understand the pathogenesis of PSaV and PSaV-induced immunity and 

develop vaccines to better prepare for future outbreaks.  

▪ More information is needed to determine whether zoonotic transmission of PSaV is possible. 
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LITERATURE REVIEW: PORCINE SAPOVIRUS 

IMPORTANCE 
Porcine sapovirus (PSaV) is an enteric calicivirus that has been detected widely in pigs with and without diarrhea. 

Co-infection with other enteric pathogens is common, although PSaV has been identified as the sole cause of 
diarrhea in a few outbreaks. Little is known about natural infection in swine and the immune response. Some 

sapoviruses (SaVs) found in pigs are similar to human strains, but PSaV is not currently considered a threat to 

public health.  

 

PUBLIC HEALTH  
Human caliciviruses (including noroviruses and sapoviruses) are a leading cause of food- and water-borne 

gastroenteritis worldwide.2 A few members of the Caliciviridae are zoonotic and animals may serve as reservoir 

species. Among SaVs, some porcine and human strains are genetically similar (see Etiology). However, there is no 
documented transmission of SaVs between pigs and people.3  

 

INFECTION IN SWINE 
PSaV has been found in the feces of pigs with and without diarrhea.4-11 Generally, suckling and post-weaning pigs 
are most susceptible. In clinical cases, co-infection with other enteric pathogens is common.6, 8, 12, 13 Neither 

clinical signs nor intestinal lesions are pathognomonic.  

 
Few natural PSaV outbreaks have been described. Although PSaV is most often associated with diarrhea, in a 

2008 Chinese outbreak, the virus induced both vomiting and diarrhea in piglets.14 

 
Recently PSaV was reported, for the first time, as the sole etiologic agent of diarrhea in U.S. pigs.5  

Affected piglets exhibited pasty to semiliquid diarrhea starting around 10 days-of-age. Diarrhea was self-limiting, 

although weight loss of 1–2 pounds occurred. Moderate villous atrophy with lymphocytic infiltration in the 
lamina propria was seen in intestinal tissues. Shen and colleagues5 used three additional diagnostic methods to 

confirm PSaV GIII as the cause of diarrhea including metagenomics analysis, a quantitative reverse transcriptase 

polymerase chain reaction (qRT-PCR) assay, and in situ hybridization.  
 

Additionally, investigators found the fecal prevalence of PSaV was approximately equivalent in pigs with and 

without diarrhea (45 vs. 43%, respectively).5 PSaV-positive pigs with clinical disease had higher viral loads in the 
feces compared to PSaV-positive healthy pigs.  

 

Experimentally, PSaV has been confirmed as an enteric pathogen of pigs.  
▪ Flynn and colleagues15 inoculated gnotobiotic piglets (4 days-of-age) orally with PSaV-C (also known as 

the Cowden strain). Mild diarrhea occurred at three days post-infection (dpi) and lasted for 3–7 days. 

Mild villous atrophy was seen in the duodenum and jejunum, and SaV particles were detected in the feces 
and large intestinal contents via immune electron microscopy.15  

 

▪ Guo and colleagues2 orally inoculated 4–6 day-old piglets with either tissue culture-adapted PSaV-C 
(PSaV-C-TC) or wild-type PSaV (WT-PSaV).2 Moderate diarrhea occurred in the pigs infected with WT-

PSaV, along with mild to severe villous atrophy in the duodenum and jejunum. High numbers of virus-

positive enterocytes were detected in the proximal small intestine by immunofluorescence (IF),2 likely 
due to the high regional concentration of bile acids, which are an essential component for PSaV 

replication.16 No clinical disease occurred in pigs infected with PSaV-C-TC. Additionally, gnotobiotic 

piglets were inoculated intravenously with PSaV-C-TC and WT-PSaV. Diarrhea and villous atrophy 
occurred in pigs from both groups.2 Onset of diarrhea and fecal shedding was prolonged compared to pigs 

that were orally inoculated.2 Viremia was also confirmed following infection with PSaV.2  

▪ Lauritsen et al17 monitored piglets raised under experimental conditions to determine if and when natural 
PSaV infection occurred. By 5 ½ weeks-of-age, PSaV was detected in about ¾ of the piglets (GIII and 
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GVII). At 15–18 weeks-of-age, all pigs had cleared the initial infection, but a new GIII strain was 

detected in ¼ of the study pigs (none of which were previously infected with a GIII strain).17  
 

TREATMENT 
There is no treatment for PSaV infection. In severely dehydrated pigs, administration of oral fluids may be 

indicated.18 

 

CLEANING AND DISINFECTION 

SURVIVAL 

Caliciviruses are stable in the environment. PSaV-C-TC survives at temperatures up to 56°C and at pH 3–8.19 

PSaVs have been detected year-round in a wide variety of climates. SaVs have been detected in influent and 

effluent wastewater and cause outbreaks in both summer and winter months.20-22 
 

DISINFECTION 

Caliciviruses may be resistant to heat and disinfectants like ether, chloroform, and mild detergents. 

Experimentally, PSaV-C-TC retained infectivity when exposed to 60% and 70% ethanol at room temperature for 
5 min.19 Additionally, PSaV-C-TC was shown to attach to lettuce leaves at pH 5.0 and remain infectious for one 

week at 4°C.19  

 
Experimentally, theaflavins (polyphenols) have shown promise as a broad-spectrum disinfectant. In one study, 

they inactivated three different caliciviruses including PSaV.23 PSaV-C-TC is reportedly inactivated by sodium 

hypochlorite at 2.5 mg/liter for 30 min.19 SaVs are potentially susceptible to acids, aldehydes, alkalis (sodium 
hydroxide), and oxidizing agents (Virkon-S®).24 

 

PREVENTION AND CONTROL 

DISEASE REPORTING 

PSaV is not an OIE-listed disease. There are no restrictions for importation of animals from countries or zones 
affected by PSaV. Any suspicious clinical or necropsy findings should always be reported to the USDA and your 

State Animal Health Official. 

 

DISEASE PREVENTION 

PSaV likely persists in the environment and it may be impossible to eliminate the virus from swine herds.18 

Natural infection in piglets is likely mitigated by maternal antibodies in colostrum and milk.18 Cleaning and 

disinfection are important to prevent PSaV outbreaks. Additionally, sick pigs should be isolated to minimize 
disease spread.  

 
DISEASE CONTROL 

There are no specific control measures for PSaV. Standard biosecurity practices should be in place on swine 

premises. 

 

TRANSMISSION 
Transmission of enteric caliciviruses is thought to be fecal-oral.2 Non-enteric caliciviruses, like vesicular 
exanthema of swine virus (VESV), feline calicivirus, and San Miguel sea lion virus, are transmitted via direct 

contact, fomites, and inhalation.2  

 

PATHOGENESIS 
Pathogenesis has been characterized only for PSaV-C. It has been identified by immunohistochemistry (IHC) in 
all segments of small intestinal porcine tissues,25 although most replication seems to occur in the duodenum.3  

 

PSaV binds both α2,3- and α2,6-linked sialic acids on O- linked glycoproteins in vitro.25 Pigs express these 
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receptors along the length of the intestinal epithelial border, including on goblet cells. Bile acids are also required 

for PSaV replication16 as they facilitate entry of the virion into the cytoplasm.26 PSaV has not been isolated from 
extra-intestinal sites.2 

 

As noted earlier (see Infection in Swine), both oral and intravenous inoculation with PSaV can result in clinical 
disease and intestinal lesions. SaV particles have been detected in both intestinal contents and blood in 

experimentally infected piglets.2   

 

DIAGNOSIS 

TESTS TO DETECT NUCLEIC ACIDS, VIRUS, OR ANTIGENS  

Electron microscopy and immune electron microscopy have been used to detect PSaV particles in swine feces, 

and immunofluorescence (IF) and IHC have been used to identify SaV antigen in tissues.2, 25  

 
The Cowden strain, PSaV-C, is the only PSaV that can be cultivated. Cell culture adaption of PSaV-C is likely 

due to amino acid substitutions in VP1 (compared to wild-type PSaV).27 PSaV-C can be propagated in primary 

porcine kidney cells or LLC-PK cells (a continuous swine kidney epithelial cell line), but the presence of 
intestinal contents or bile acids is required.16 An antigen-enzyme linked immunosorbent assay (ELISA) has been 

developed for GIII capsid proteins in experimentally infected pigs.28 

 
RT-PCR is most widely used to detect caliciviruses. Due to diversity within the family Caliciviridae and genus 

Sapovirus, primer development and selection is difficult. Previously, primers have focused on the RNA-

dependent RNA polymerase (RDRP) region, which is highly conserved.29 Primer pair p289/290 detects a broad 
range of SaVs.30 The qRT-PCR assay used to detect PSaV as the cause of diarrhea in U.S. piglets was based on 

SaV GIII primers Sap-T7-F1 and Sap5193R.5 Newer primers based on deep sequencing or next generation 

sequencing have been summarized by Nagai et al.3  
 

Multiple RT-PCR assays have been described including: 

▪ A multiplex RT-PCR method that detects seven enteric pathogens of swine including PSaV, porcine 
teschovirus, porcine sapelovirus, porcine deltacoronavirus, porcine kobuvirus, porcine astrovirus, and 

porcine torovirus.31  

▪ A multiplex RT-PCR method that detects six enteric pathogens of swine including PSaV, porcine 
epidemic diarrhea virus (PEDV), transmissible gastroenteritis virus (TGEV), porcine rotavirus A (PRV-

A), porcine kobuvirus, porcine sapovirus, and porcine deltacoronavirus.32 

▪ A triplex RT-PCR to detect porcine epidemic diarrhea virus, porcine sapelovirus, and PSaV.33 

 
Recently, it was reported that pretreatment of porcine enteric samples can affect the detection of single-stranded 

RNA viruses, including PSaV, via high-throughput sequencing.34 

 

TESTS TO DETECT ANTIBODY  

Antibody-ELISA assays have been developed to detect serum anti-PSaV antibodies using recombinant virus-like 

particles (VLPs).35  

 
SAMPLES 

PSaV can be detected in feces, intestinal tissues, and serum.  

EPIDEMIOLOGY 

SPECIES AFFECTED 

The genus Sapovirus is divided into many genogroups which infect different species. SaVs can infect humans,36 
pigs37 (including wild boar),38 mink, canines,39 sea lions,40 and bats.41 It remains unclear as to whether PSaV is 

species-specific.18  
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GEOGRAPHIC DISTRIBUTION  

PSaV is most likely endemic in pigs worldwide. As reported by Knowles and Reuter,18 PSaV has been identified 
in pigs from Europe (Belgium, Denmark, Finland, Hungary, Italy, the Netherlands, Slovenia, and Spain) and the 

United Kingdom, North America (Canada, United States), South American (Brazil, Venezuela), Asia (China, 

Japan, South Korea), and Africa (Ethiopia).  
 

MORBIDITY AND MORTALITY 

Although PSaV is commonly associated with diarrhea, prevalence in feces from clinically ill and healthy pigs is 

often similar.5, 7 The post-weaning period is when pigs are most at risk.  
 

Estimates of PSaV prevalence in U.S. swine are described below: 

▪ PSaV (GIII) was detected in 62% of fecal samples collected from swine of all ages in three U.S. states.42  
▪ In Ohio, PSaV GIII and GVII were found in about 10% and 4% of swine fecal samples, respectively.43 

▪ In fecal samples from pigs with and without diarrhea, the prevalence of PSaV was 45 and 43%, 

respectively.5  
▪ PSaV GIII and GVI were detected in U.S. pigs of different ages from different states.44  

 
Additional studies indicate that PSaV is widespread in pigs internationally. PSaV was detected in 100% of fecal 

samples tested from healthy Japanese finisher pigs at the time of slaughter.5 A survey of piglets in Xinjiang China 

found that about 38% were seropositive.45 Prevalence of PSaV in fecal samples from pigs in Ethiopia was 
approximately 15%.46 

 

ETIOLOGY 

CHARACTERISTICS OF CALICIVIRUSES 

PSaV is a single-stranded, positive-sense RNA virus belonging to the family Caliciviridae. Caliciviruses are non-

enveloped with icosahedral symmetry and up to 40 nm in diameter.18 SaV virions have a ‘Star of David’ 
morphology typical of the Caliciviridae.47  

 

The major structural protein of the calicivirus capsid is VP1. Viruses in the family Caliciviridae also share a 
conserved  polyprotein between the 2C and 3D genes which encodes for a helicase, protease, and an RNA- 

dependent RNA polymerase (RDRP).48  

 
Calicivirus of swine include the following.18, 48, 49 

▪ PSaV (also known as porcine enteric calicivirus), genus Sapovirus 

▪ Vesicular exanthema of swine virus, genus Vesivirus 
▪ Norwalk virus (also known as porcine norovirus), genus Norovirus  

▪ St-Valérian virus, genus unassigned 

 

CHARACTERISTICS OF PORCINE SAPOVIRUS 

The PSaV genome is composed of two open reading frames (ORFs). 

▪ ORF-1 encodes nonstructural proteins (NS1, NS2, NS3, NS4, NS5, and NS6–7, which encode for protease 

and RDRP) and VP1, the major capsid protein 
▪ ORF-2 encodes VP2, a  structural capsid protein important for virion assembly, antigenicity, and receptor 

binding18, 48 
 

SaVs are highly diverse. Historically, they have been divided into different genogroups and genotypes based on  

species affected, nucleotide sequence, and analysis of the VP1 and RDRP genes.12, 48 More recently, VP1 
sequences have been used to classify SaVs50 into 19 genogroups and at least 52 genotypes.5 Presently there are 

eight genogroups and 21 genotypes that contain porcine strains: GIII, GV.3, GV.5, GVI.1-3, GVII.1-6, GVIII.1-

2, GIX.1-2, GX.1-2, and GXI.1-3.3  
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GIII is the prototypic porcine genogroup and includes the only cultivatable strain, PSaV-C.51 Recent analyses 

have shown that GVI, GVII, GIX, GX, and GXI strains form a unique porcine clade and are distantly related to 
other porcine SaVs (including GIII, GV, and GVIII).3, 52, 53 In pigs, simultaneous infection with more than one 

PSaV is common, and genetic recombination is known to occur.3, 5, 54 Nagai and colleagues3 recently compiled a 

list of all SaVs detected from pigs and wild boars.  
 

Several SaV genogroups infect both pigs and humans. Genetically, GV strains found in pigs and humans are most 

similar.1 However, genotypes associated with pigs include GV.3 and GV.5, while GV.1 and GV.2 are associated 
with humans. Zoonotic transmission is not known to occur.3  

 

HISTORY IN SWINE 
Calicivirus-like particles were first reported in the intestinal contents of a 27-day-old nursing piglet with diarrhea 

in 1980.37 In 1999, genetic sequencing identified these particles as a SaV,1 and the first complete PSaV genome 
was published in 2017.55 Only a few outbreaks of diarrhea have been solely attributed to PSaV, including one in 

China (2008)14 and one in Iowa (2019).5  

 

IMMUNITY 

POST-EXPOSURE 

Little is known about the immune response to PSaV. Experimentally, PSaV-infected piglets seroconverted at 21 

dpi.2 Suckling piglets are likely protected by maternal antibodies until weaning.  

 
VACCINES 

No vaccines are commercially available for PSaV. PSaV-C-TC, which has high nucleotide identity with its wild-

type counterpart, shows promise as a live-attenuated vaccine since it does not cause diarrhea and would likely 
induce mucosal immunity.2  

 

A PSaV vaccine that uses virus-like particles (VLPs) in a baculovirus expression system has been tested in sows. 
VP1-specific serum antibodies were detected in vaccinates, and lactogenic immunity led to decreased viral 

shedding in piglets.56  

 
CROSS-PROTECTION 

The extent of antigenic relatedness between human and swine SaVs is unclear. 30 Because most genogroups are 

not cultivatable, cross-neutralization testing is not currently possible.29 In one study, piglets that were infected one 
GIII strain were not infected with a subsequent GIII strain found in the herd, raising the possibility of genogroup-

specific immunity.17 
 

GAPS IN PREPAREDNESS 
Although PSaV is a known cause of diarrhea, many infections in swine are subclinical. In fact, the value of 
diagnostic testing has been questioned since PSaV prevalence is often similar in pigs with and without diarrhea.4 

Much remains undetermined regarding calicivirus infection in pigs. Further research is needed to understand the 

pathogenesis of PSaV and PSaV-induced immunity and develop vaccines to better prepare for future outbreaks. 
Additionally, more information is needed to determine whether zoonotic transmission of PSaV occurs. 

 

 

REFERENCES 
1. Guo M, Chang KO, Hardy ME, Zhang Q, Parwani AV, Saif LJ. Molecular characterization of a porcine 

enteric calicivirus genetically related to Sapporo-like human caliciviruses. J Virol. Nov 

1999;73(11):9625-31. doi:10.1128/jvi.73.11.9625-9631.1999 

 
 



8 

 

2. Guo M, Hayes J, Cho KO, Parwani AV, Lucas LM, Saif LJ. Comparative pathogenesis of tissue culture-

adapted and wild-type Cowden porcine enteric calicivirus (PEC) in gnotobiotic pigs and induction of 
diarrhea by intravenous inoculation of wild-type PEC. J Virol. Oct 2001;75(19):9239-51. 

doi:10.1128/jvi.75.19.9239-9251.2001 

3. Nagai M, Wang Q, Oka T, Saif LJ. Porcine sapoviruses: pathogenesis, epidemiology, genetic diversity, 
and diagnosis. Virus Res. Sep 2020;286:198025. doi:10.1016/j.virusres.2020.198025 

4. Salamunova S, Jackova A, Mandelik R, Novotny J, Vlasakova M, Vilcek S. Molecular detection of 

enteric viruses and the genetic characterization of porcine astroviruses and sapoviruses in domestic pigs 
from Slovakian farms. BMC Vet Res. Oct 19 2018;14(1):313. doi:10.1186/s12917-018-1640-8 

5. Shen H, Zhang J, Gauger PC, et al. Genetic characterization of porcine sapoviruses isolated from pigs 

during a diarrhea outbreak in Iowa, 2019. Transbound Emerg Dis. Mar 29 2021;doi:10.1111/tbed.14087 
6. Mijovski JZ, Poljsak-Prijatelj M, Steyer A, Barlic-Maganja D, Koren S. Detection and molecular 

characterisation of noroviruses and sapoviruses in asymptomatic swine and cattle in Slovenian farms. 

Infect Genet Evol. Apr 2010;10(3):413-20. doi:10.1016/j.meegid.2009.11.010 
7. Reuter G, Zimsek-Mijovski J, Poljsak-Prijatelj M, et al. Incidence, diversity, and molecular epidemiology 

of sapoviruses in swine across Europe. J Clin Microbiol. Feb 2010;48(2):363-8. doi:10.1128/jcm.01279-

09 
8. Dufkova L, Scigalkova I, Moutelikova R, Malenovska H, Prodelalova J. Genetic diversity of porcine 

sapoviruses, kobuviruses, and astroviruses in asymptomatic pigs: an emerging new sapovirus GIII 

genotype. Arch Virol. Mar 2013;158(3):549-58. doi:10.1007/s00705-012-1528-z 
9. Collins PJ, Martella V, Buonavoglia C, O'Shea H. Detection and characterization of porcine sapoviruses 

from asymptomatic animals in Irish farms. Vet Microbiol. Oct 20 2009;139(1-2):176-82. 
doi:10.1016/j.vetmic.2009.05.013 

10. Keum HO, Moon HJ, Park SJ, Kim HK, Rho SM, Park BK. Porcine noroviruses and sapoviruses on 

Korean swine farms. Arch Virol. 2009;154(11):1765-74. doi:10.1007/s00705-009-0501-y 
11. Cortey M, Díaz I, Vidal A, et al. High levels of unreported intraspecific diversity among RNA viruses in 

faeces of neonatal piglets with diarrhoea. BMC Vet Res. Dec 5 2019;15(1):441. doi:10.1186/s12917-019-

2204-2 
12. Scheuer KA, Oka T, Hoet AE, et al. Prevalence of porcine noroviruses, molecular characterization of 

emerging porcine sapoviruses from finisher swine in the United States, and unified classification scheme 

for sapoviruses. J Clin Microbiol. Jul 2013;51(7):2344-53. doi:10.1128/jcm.00865-13 
13. Chen Q, Wang L, Zheng Y, et al. Metagenomic analysis of the RNA fraction of the fecal virome indicates 

high diversity in pigs infected by porcine endemic diarrhea virus in the United States. Virol J. May 25 

2018;15(1):95. doi:10.1186/s12985-018-1001-z 
14. Zhang W, Shen Q, Hua X, Cui L, Liu J, Yang S. The first Chinese porcine sapovirus strain that 

contributed to an outbreak of gastroenteritis in piglets. J Virol. 2008:8239-40.  

15. Flynn WT, Saif LJ. Serial propagation of porcine enteric calicivirus-like virus in primary porcine kidney 
cell cultures. J Clin Microbiol. Feb 1988;26(2):206-12. doi:10.1128/jcm.26.2.206-212.1988 

16. Chang KO, Sosnovtsev SV, Belliot G, Kim Y, Saif LJ, Green KY. Bile acids are essential for porcine 

enteric calicivirus replication in association with down-regulation of signal transducer and activator of 
transcription 1. Proc Natl Acad Sci U S A. Jun 8 2004;101(23):8733-8. doi:10.1073/pnas.0401126101 

17. Lauritsen KT, Hansen MS, Johnsen CK, Jungersen G, Böttiger B. Repeated examination of natural 

sapovirus infections in pig litters raised under experimental conditions. Acta Vet Scand. Sep 26 
2015;57:60. doi:10.1186/s13028-015-0146-7 

18. Knowles N, Reuter G. Caliciviruses. In: Zimmerman J, Karriker L, Ramirez A, Schwartz K, Stevenson G, 

Zhang J, eds. Diseases of Swine. 11th ed. John Wiley & Sons; 2019:Chap 29. 
19. Wang Q, Zhang Z, Saif LJ. Stability of and attachment to lettuce by a culturable porcine sapovirus 

surrogate for human caliciviruses. Appl Environ Microbiol. Jun 2012;78(11):3932-40. 

doi:10.1128/aem.06600-11 
20. Hansman GS, Takeda N, Katayama K, et al. Genetic diversity of Sapovirus in children, Australia. Emerg 

Infect Dis. Jan 2006;12(1):141-3. doi:10.3201/eid1201.050846 

21. Hansman GS, Sano D, Ueki Y, et al. Sapovirus in water, Japan. Emerg Infect Dis. Jan 2007;13(1):133-5. 
doi:10.3201/eid1301.061047 

 



9 

 

22. Wang H, Neyvaldt J, Enache L, et al. Variations among viruses in influent water and effluent water at a 

wastewater plant over one year as assessed by quantitative PCR and metagenomics. Appl Environ 
Microbiol. Nov 24 2020;86(24)doi:10.1128/aem.02073-20 

23. Ohba M, Oka T, Ando T, et al. Antiviral effect of theaflavins against caliciviruses. J Antibiot (Tokyo). 

Apr 2017;70(4):443-447. doi:10.1038/ja.2016.128 
24. Center for Food Security and Public Health (CFSPH). The Antimicrobial Spectrum of Disinfectants. 

Accessed February 20, 2021. 

https://www.cfsph.iastate.edu/Disinfection/Assets/AntimicrobialSpectrumDisinfectants.pdf 
25. Kim DS, Hosmillo M, Alfajaro MM, et al. Both α2,3- and α2,6-linked sialic acids on O-linked 

glycoproteins act as functional receptors for porcine Sapovirus. PLoS Pathog. Jun 2014;10(6):e1004172. 

doi:10.1371/journal.ppat.1004172 
26. Shivanna V, Kim Y, Chang KO. The crucial role of bile acids in the entry of porcine enteric c

 alicivirus. Virology. May 2014;456-457:268-78. doi:10.1016/j.virol.2014.04.002 

27. Lu Z, Yokoyama M, Chen N, et al. Mechanism of cell culture adaptation of an enteric calicivirus, the 
porcine sapovirus Cowden strain. J Virol. Feb 1 2016;90(3):1345-58. doi:10.1128/jvi.02197-15 

28. Guo M, Qian Y, Chang KO, Saif LJ. Expression and self-assembly in baculovirus of porcine enteric 

calicivirus capsids into virus-like particles and their use in an enzyme-linked immunosorbent assay for 
antibody detection in swine. J Clin Microbiol. 2001;39(4):1487-93. doi:10.1128/jcm.39.4.1487-

1493.2001 

29. Wang QH, Han MG, Funk JA, Bowman G, Janies DA, Saif LJ. Genetic diversity and recombination of 
porcine sapoviruses. J Clin Microbiol. Dec 2005;43(12):5963-72. doi:10.1128/jcm.43.12.5963-5972.2005 

30. Mauroy A, Van der Poel WH, der Honing RH, Thys C, Thiry E. Development and application of a SYBR 
Green RT-PCR for first line screening and quantification of porcine sapovirus infection. BMC Vet Res. 

2012;8:193. doi:10.1186/1746-6148-8-193 

31. Meng L, Tao J, Li B, et al. [Clinical detection of seven porcine diarrhea-associated viruses and evolution 
analysis of porcine kobuvirus]. Sheng Wu Gong Cheng Xue Bao. Aug 25 2017;33(8):1292-1303. 

doi:10.13345/j.cjb.170113 

32. Ding G, Fu Y, Li B, et al. Development of a multiplex RT-PCR for the detection of major diarrhoeal 
viruses in pig herds in China. Transbound Emerg Dis. Mar 2020;67(2):678-685. doi:10.1111/tbed.13385 

33. Jiang C, He H, Zhang C, et al. One-step triplex reverse-transcription PCR detection of porcine epidemic 

diarrhea virus, porcine sapelovirus, and porcine sapovirus. J Vet Diagn Invest. Nov 2019;31(6):909-912. 
doi:10.1177/1040638719883834 

34. Nantel-Fortier N, Gauthier M, L'Homme Y, Fravalo P, Brassard J. Treatments of porcine fecal samples 

affect high-throughput virome sequencing results. J Virol Methods. Mar 2021;289:114045. 
doi:10.1016/j.jviromet.2020.114045 

35. Wang QH, Costantini V, Saif LJ. Porcine enteric caliciviruses: genetic and antigenic relatedness to human 

caliciviruses, diagnosis and epidemiology. Vaccine. Jul 26 2007;25(30):5453-66. 
doi:10.1016/j.vaccine.2006.12.032 

36. Hansman GS, Saito H, Shibata C, et al. Outbreak of gastroenteritis due to sapovirus. J Clin Microbiol. 

Apr 2007;45(4):1347-9. doi:10.1128/jcm.01854-06 
37. Saif LJ, Bohl EH, Theil KW, Cross RF, House JA. Rotavirus-like, calicivirus-like, and 23-nm virus-like 

particles associated with diarrhea in young pigs. J Clin Microbiol. Jul 1980;12(1):105-11. 

doi:10.1128/jcm.12.1.105-111.1980 
38. Katsuta R, Sunaga F, Oi T, et al. First identification of sapoviruses in wild boar. Virus Res. Oct 2 

2019;271:197680. doi:10.1016/j.virusres.2019.197680 

39. Li L, Pesavento PA, Shan T, Leutenegger CM, Wang C, Delwart E. Viruses in diarrhoeic dogs include 
novel kobuviruses and sapoviruses. J Gen Virol. Nov 2011;92(Pt 11):2534-2541. 

doi:10.1099/vir.0.034611-0 

40. Li L, Shan T, Wang C, et al. The fecal viral flora of California sea lions. J Virol. Oct 2011;85(19):9909-
17. doi:10.1128/jvi.05026-11 

41. Tse H, Chan WM, Li KS, Lau SK, Woo PC, Yuen KY. Discovery and genomic characterization of a 

novel bat sapovirus with unusual genomic features and phylogenetic position. PLoS One. 
2012;7(4):e34987. doi:10.1371/journal.pone.0034987 

 

https://www.cfsph.iastate.edu/Disinfection/Assets/AntimicrobialSpectrumDisinfectants.pdf


10 

 

42. Wang QH, Souza M, Funk JA, Zhang W, Saif LJ. Prevalence of noroviruses and sapoviruses in swine of 

various ages determined by reverse transcription-PCR and microwell hybridization assays. J Clin 
Microbiol. Jun 2006;44(6):2057-62. doi:10.1128/jcm.02634-05 

43. Sisay Z, Wang Q, Oka T, Saif L. Prevalence and molecular characterization of porcine enteric 

caliciviruses and first detection of porcine kobuviruses in US swine. Arch Virol. Jul 2013;158(7):1583-8. 
doi:10.1007/s00705-013-1619-5 

44. Wang L, Marthaler D, Fredrickson R, et al. Genetically divergent porcine sapovirus identified in pigs, 

United States. Transbound Emerg Dis. Jan 2020;67(1):18-28. doi:10.1111/tbed.13337 
45. Jun Q, Lulu T, Qingling M, et al. Serological and molecular investigation of porcine sapovirus infection 

in piglets in Xinjiang, China. Trop Anim Health Prod. Apr 2016;48(4):863-9. doi:10.1007/s11250-016-

1023-8 
46. Sisay Z, Djikeng A, Berhe N, et al. First detection and molecular characterization of sapoviruses and 

noroviruses with zoonotic potential in swine in Ethiopia. Arch Virol. Oct 2016;161(10):2739-47. 

doi:10.1007/s00705-016-2974-9 
47. Farkas T, Zhong WM, Jing Y, et al. Genetic diversity among sapoviruses. Arch Virol. Jul 

2004;149(7):1309-23. doi:10.1007/s00705-004-0296-9 

48. Yang Z, Jin W, Zhao Z, et al. Genetic characterization of porcine kobuvirus and detection of coinfecting 
pathogens in diarrheic pigs in Jiangsu Province, China. Arch Virol. Dec 2014;159(12):3407-12. 

doi:10.1007/s00705-014-2204-2 

49. Oliver SL, Asobayire E, Dastjerdi AM, Bridger JC. Genomic characterization of the unclassified bovine 
enteric virus Newbury agent-1 (Newbury1) endorses a new genus in the family Caliciviridae. Virology. 

Jun 20 2006;350(1):240-50. doi:10.1016/j.virol.2006.02.027 
50. Oka T, Lu Z, Phan T, Delwart EL, Saif LJ, Wang Q. Genetic characterization and classification of human 

and animal sapoviruses. PLoS One. 2016;11(5):e0156373. doi:10.1371/journal.pone.0156373 

51. Nakamura K, Saga Y, Iwai M, et al. Frequent detection of noroviruses and sapoviruses in swine and high 
genetic diversity of porcine sapovirus in Japan during Fiscal Year 2008. J Clin Microbiol. Apr 

2010;48(4):1215-22. doi:10.1128/jcm.02130-09 

52. Li J, Zhang W, Cui L, Shen Q, Hua X. Metagenomic identification, genetic characterization and 
genotyping of porcine sapoviruses. Infect Genet Evol. Aug 2018;62:244-252. 

doi:10.1016/j.meegid.2018.04.034 

53. Sunaga F, Masuda T, Aoki H, et al. Complete genome sequencing and genetic characterization of porcine 
sapovirus genogroup (G) X and GXI: GVI, GVII, GX, and GXI sapoviruses share common genomic 

features and form a unique porcine SaV clade. Infect Genet Evol. Nov 2019;75:103959. 

doi:10.1016/j.meegid.2019.103959 
54. Kuroda M, Masuda T, Ito M, et al. Genetic diversity and intergenogroup recombination events of 

sapoviruses detected from feces of pigs in Japan. Infect Genet Evol. Nov 2017;55:209-217. 

doi:10.1016/j.meegid.2017.09.013 
55. Oka T, Doan YH, Shimoike T, Haga K, Takizawa T. First complete genome sequences of genogroup V, 

genotype 3 porcine sapoviruses: common 5'-terminal genomic feature of sapoviruses. Virus Genes. Dec 

2017;53(6):848-855. doi:10.1007/s11262-017-1481-8 
56. Yang B, Shan X, Li B, et al. Short communication: Immune responses in sows induced by porcine 

sapovirus virus-like particles reduce viral shedding in suckled piglets. Res Vet Sci. Apr 2018;117:196-

199. doi:10.1016/j.rvsc.2017.12.016 
 


