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Abstract
Noroviruses, belonging to the family Caliciviridae, are classified into at least ten genogroups (G) based on their major cap-
sid protein (VP1). The common genogroup to be identified in both humans and pigs is GII, although porcine noroviruses 
(PoNoVs) belong to genotypes of their own (GII.11, GII.18, and GII.19). So far, PoNoVs have not been studied much in 
Finland, possibly due to their rather symptomless nature in pigs. In the present study, we enrolled a total of 189 fecal samples 
collected from pigs from Finnish farms. Samples were taken from 12 farms in 2010, 2019 and 2020. We analyzed feces from 
growing pigs ranging from 2.1 to 6 months of age. RNA was extracted from fecal suspensions using a commercial viral RNA 
extraction kit, followed by RT (reverse transcription)-qPCR. The genotypes were determined by Sanger sequencing of the 
PCR fragments amplified by conventional PCR. Of the 12 farms, 6 (50%) had at least one PoNoV-infected pig. Altogether 18 
(9.5%) of the 189 pigs tested positive for PoNoVs. Pigs mostly aged over 4 months were infected with PoNoVs. Eventually, 
12 positive samples were determined as genotype GII.18. We could demonstrate the presence of PoNoVs in Finnish pigs. In 
future, more studies in which longer sequences from PoNoV genome can be obtained, are required.
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Introduction

Noroviruses belong to the Caliciviridae family. Norovi-
rus genus has a single representative species named Norwalk 
virus (Lefkowitz et al., 2018). Among foodborne viruses, 
norovirus is one of the leading pathogens, causing epidemic 
gastroenteritis in humans worldwide (Cavicchio et al., 2022; 
Robilotti et al., 2015). In humans, noroviruses cause a dis-
ease with symptoms of vomiting, diarrhea, abdominal pain, 
and often fever. The virus is usually spread by the fecal–oral 
route. This may be through contaminated food or water or 
person-to-person contact. It may also spread via contami-
nated surfaces or through air from the vomit of an infected 
person.

NoVs are a genetically diverse group with a single-
stranded RNA genome of approximately 7.5–7.7 kilobases 
and icosahedral structure. The genome of most norovi-
ruses is organized into three open reading frames (ORFs), 
except for murine noroviruses, which contain a fourth ORF 
(Chhabra et al., 2019). The genomic structure of norovirus 
consists of polyprotein genes that produce several nonstruc-
tural proteins, including an RNA-dependent RNA polymer-
ase (RdRp), and then of a major capsid protein gene (VP1), 
and a minor capsid protein gene (VP2) (Wang et al., 2005).

Noroviruses are classified into ten genogroups based on 
genetic variation of the major capsid protein (VP1) gene and 
are further divided into 49 genotypes (Chhabra et al., 2019). 
The genogroup GI (GI.1–GI.9) and GII (GII.1–GII.10, 
GII.12–GII.17 and GII.20–GII.27) noroviruses infect 
humans (Parra, 2019). Particularly GII.4 causes up to 50% 
of human gastroenteritis epidemics worldwide (Kendra 
et al., 2022). PoNoVs also belong to genogroup GII, geno-
type GII.11, GII.18, and GII.19 (Silva et al., 2015). In 1998, 
norovirus RNA was first detected in adult porcine fecal sam-
ples in Japan and then in Europe and the USA, as reviewed 
by van der Poel et al. (2000).
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Thus, porcine norovirus and some human norovirus 
genotypes belong to the same GII genogroup. However, 
no porcine noroviruses have been found to infect humans, 
whereas studies have found that some human noroviruses 
can infect pigs. Human norovirus GII.4 infecting pigs was 
reported in Canada in 2005–2007 (L’Homme et al., 2009; 
Mattison et al., 2007), then GII.3, GII.4, and GII.13 in 
Japan in 2008–2009 (Shen et al., 2012), GII.1 in Ethiopia 
in 2013 (Sisay et al., 2016) and GII.2 in Dutch–German 
border region in 2017–2018 (Schuele et al., 2021).

In norovirus genome, recombination breakpoint often 
locates between the capsid gene and a polymerase gene 
(RdRp), a junction region (Kendra et al., 2022). Recom-
binant porcine noroviruses have also been identified in 
pigs (Shen et al., 2012). Shen et al. (2012) found that 
the Chinese recombinant strain pNoVs (Ch6) was dis-
tinct from the known porcine GII strains (GII.11, GII.18, 
and GII.19), possibly a novel genotype, based on capsid 
region, whereas the RdRp region was grouped into the 
GII.11 cluster. Wang et al. (2005) have suggested that 
GII.18 could be a recombinant between human and por-
cine norovirus, since it is genetically more distant from 
GII.11 and GII.19 (Wang et al., 2005). In an experimental 
study, it was seen that gnotobiotic miniature pigs infected 
with this recombinant virus showed symptoms, like mild 
diarrhea (Shen et al., 2012), but in general, no symptoms 
are seen in pigs infected with PoNoVs.

There may be underexplored routes of transmission, 
including indirect zoonotic transmission, where an animal 
or environmental reservoir plays a role in spreading the virus 
to humans through food products. A study done in Canada 
tested fecal samples obtained from pig and dairy farms, as 
well as retail meat samples for the norovirus genome. They 
found a GII.4-like strain of norovirus associated with a retail 
raw pork sample (Mattison et al., 2007). Shellfish concen-
trate noroviruses efficiently from growing waters and viruses 
can be spread to humans, if for example contaminated oys-
ters are eaten uncooked or very mildly cooked. Norovirus 
outbreaks linked to shellfish consumption are continuously 
being reported around the world (Gyawali et al., 2019).

After the first detection of PoNoVs in Japan (Sugieda 
et al., 1998), there have been reports of PoNoVs of different 
genotypes on six continents so far: Asia, Europe, Africa, 
North and South America, and Oceania as reviewed (Cavic-
chio et al., 2022). In the literature, the percentage of positive 
PoNoVs ranges from 9% to over 50% (Cavicchio et al., 2020; 
Nakamura et al., 2010; Silva et al., 2015; Wang et al., 2006; 
Wolf et al., 2009).

Reverse Transcription (RT)-PCR is currently the most 
popular method for norovirus detection in both clinical and 
food samples (Atmar & Estes, 2001; Gyawali et al., 2019; 
Mattison et al., 2011). PoNoV is closely related to human 
norovirus, and there is evidence that broad-range RT-PCR 

assays targeting HuNoV also detect PoNoVs (L’Homme 
et al., 2009).

PoNoVs have not been much studied in Finland. The aim 
of this study was to evaluate the presence of PoNoV in Finn-
ish pig herds. In this study, we used real-time RT-qPCR test 
with primers designed to detect a large variety of GII noro-
virus. Our study also reveals the partial genomic sequences 
of PoNoV strains.

Materials and Methods

Sampling

Porcine fecal sample material (n = 189) for this study was 
selected from two study materials collected for other pro-
jects: a study linked to investigation of virus transmission 
among pigs during 2010 (Kantala et al., 2013) and a study 
linked to investigation of fecal microbiota in asymptomatic 
pigs on 11 farms between February 2019 and March 2020 
in Finland. The geographic distribution of these volunteer 
farms is illustrated in Fig. 1. The herds had an average of 
1953 finishing pigs (standard deviation, SD 1345 pigs, 
12 herds) and 800 sows (SD 424, 2 herds). Samples were 
collected from weaned and finishing pigs with disposable 
gloves directly from the rectum of individual pigs and 
transferred into plastic tubes immediately after collection. 

Fig. 1   Location of 12 Finnish farms sampled for the presence of por-
cine noroviruses
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After sampling, the tubes were kept in a cool box, moved 
to − 18 °C within one hour and to − 70 °C on the follow-
ing day at the latest, where they were kept until the start of 
laboratory analyses.

Preparation of Fecal Suspensions

After thawing the samples, 10–20% (w/v) fecal suspensions 
were prepared by adding fecal materials to a phosphate buff-
ered saline (PBS) solution. These fecal suspensions and the 
archived samples were stored frozen at − 20 °C or at − 70 °C 
at the Department of Food Hygiene and Environmental 
Health, University of Helsinki, Finland.

RNA Extraction

RNA was extracted from the 10–20% fecal suspensions pre-
pared in PBS solution. Briefly, 150 μl of suspension was 
taken for RNA extraction by using EZNA® Viral kit (Omega 
Bio-Tek, Germany), according to the manufacturer’s instruc-
tions. The RNA was eluted in 50 µl of RNase-free water and 
stored at − 20 °C. Mengovirus (from A. Bosch, University of 
Barcelona, Spain) was used as a process control and murine 
norovirus MNV-1 as a control for PCR inhibition. As a nega-
tive control, PBS was used.

RT‑qPCR

We used the commercial QuantiTect® Probe RT-PCR kit 
(Qiagen) for primary detection of PoNoV. It includes the 
enzyme Reverse Transcriptase and Master Mix solution 
with nucleotides, polymerase enzymes, and a buffer for PCR 
amplification. Forward and reverse primers and a probe solu-
tion were added to a final concentration of 1 µM each and 
0.2 μM, respectively (Table 1). To every 15 μl of Master 
Mix, 5 μl of sample was added, and the final volume pre-
pared was 20 μl to run the RT-PCR. All samples were done 
in duplicate.

RT-qPCR reactions were carried out using the Rotor-
Gene 3000 cycler instrument (Corbett Research, Qiagen 
GmbH). RT reaction for 25 min at 50 °C started each run 
and was followed by preheating at 95 °C for 15 min. The 
45 amplification cycles consisted of a denaturation step at 
95 °C for 15 s and an annealing-extension step at 60 °C for 
60 s. A positive control comprising a human norovirus GII 
strain (GII.4, anonymous) and a negative control of RNase/
DNase free water were used.

PEG Precipitation

The fecal suspension positive for PoNoV underwent RNA 
extraction with or without concentration treatment using 

Table 1   Oligonucleotides used 
to study porcine noroviruses 
in pigs

*Genome locations: G2SKF  (5058–5076), G2SKR (5379–5401), p290 (4568–4590), p289  (4865–4886), 
GII.18 FoP (5451–5471), RoP (5720–5738), FiP (5478–5490), and Rip (5696–5718)

Primers used for RT-qPCR Sequence (*) Source

Norovirus GII (NoV)
QNIF2 (FW) 5′ATG​TTC​AGR​TGG​ATG​AGR​TTC​TCW​GA-3′ Loisy et al. (2005)
COG2R (RV) 5′-TCG​ACG​ CCA​TCT​TCA​TTC​ACA-3′ Kageyama et al. (2003)
QNIFs (PROBE) FAM-AGC​ACG​TGG​GAG​GGC​GAT​CG-BHQ1 Loisy et al. (2005)
Mengo virus (MeV)
Mengo 110 (FW) 5′-GCG​GGT​CCT​GCC​GAA​AGT​-3′ Pintó et al. (2009)
Mengo 209 (RV) 5′-GAA​GTA​ACA​TAT​AGA​CAG​ACG​CAC​AC-3′
Mengo 147 (PROBE) FAM-ATC​ACA​TTA​CTG​GCC​GAA​GC-BHQ1
Murine norovirus (MNV)
MNV (FW) 5′-TGC​AAG​CTC​TAC​AAC​GAA​GG-3′ Hewitt et al. (2009)
MNV (RV) 5’-CAC​AGA​GGC​CAA​TTG​GTA​AA-3’
MNV (PROBE) FAM-CCT​TCC​CGA​CCG​ATG​GCA​TC-BHQ1
Primers used for genotyping
G2SKF (FW) 5′-CNTGG​GAG​GGC​GAT​CGCAA-3′ Jiang et al. (1999)
G2SKR (RV) 5′-CCRCCNGCATRHCCR​TTR​TACAT-3′
p290 (FW) 5′-GAT​TAC​TCC​AAG​TGG​GAC​TCCAC-3′ Kojima et al. (2002) 
p289 (RV) 5′-TGA​CAA​TAT​AAT​CAT​CAC​CATA-3′
GII.18 FoP (FW) 5′-GTT​GAT​GCT​TTG​AGY​GCG​CCC-3′ This study
GII.18 RoP (RV) 5′-GGC​TTG​CTT​TTG​GAC​TCA​ACTGT-3′
GII.18 FiP (FW) 5′-ACA​ATG​TGC​CCC​CAC​GTT​ATAG-3′
GII.18 RiP (RV) 5′-GGT​GGT​ATC​AAA​AAG​GTG​AACTC-3′
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polyethylene glycol (PEG). The treatment was performed 
according to Summa et al. (2012), with some modifications. 
The success of PEG precipitation was confirmed by demon-
stration of a decrease of the Ct values obtained by RT-qPCR 
after the experiment. Fecal suspensions of 5 ml were added 
to 25 ml of 100 mM Tris-50 mM Glycine 1% Beef Extract 
(TGBE) Buffer. This mixture was agitated for 20  min, 
150 rpm on a shaker (IKA) at room temperature, followed 
by centrifugation for 30 min, 10,000×g, 8 °C. The superna-
tant was transferred to another tube quickly after centrifuga-
tion had finished. The pH of the supernatant was adjusted to 
7–7.5 by adding HCl. A solution of 5 × PEG/NaCl (500 g/l 
PEG 8 000, 1.5 M NaCl) was added, and the mixture was 
agitated at 6 °C, 250 rpm for 1 h on a shaker (IKA). Then, 
the samples were centrifuged for 30 min, 10,000×g, 8 °C. 
The supernatant was removed, and the pellet was eluted with 
300 μL of PBS. Samples were stored at − 70 °C or RNA was 
directly extracted by using EZNA® Viral kit.

Conventional RT‑PCR, Nested PCR, and Sanger 
Sequencing

A selection of samples detected positive by RT-qPCR were 
first amplified by conventional PCR assays (OneStep RT-
PCR Kit, QIAGEN®) using primer pairs G2SKF/G2SKR 
or p289/290 (Table 1). Each reaction included 5 μL of 5X 
Qiagen One-Step RT-PCR Buffer, 1 μL of dNTP mix, and 
1 μL of Qiagen One-Step Enzyme mix (these reagents are 
included in the kit). Each primer at a final concentration of 
0.6 μM (Table 1), 0.15 μL of RNAse inhibitor, and 11.85 μL 
of RNAse-free water were added to the mixture. Positive 
controls of human norovirus (GII.4, anonymous) and PoNoV 
(322-2, kindly sequenced earlier by Dr. Kantala, now con-
firmed as GII.P11; GenBank accession no. PP479753) 
were included in all experiments, as were negative controls. 
Conditions of PCRs were as follows: the samples were first 
incubated at 42 °C for 55 min and then the initial denatura-
tion was performed at 95 °C for 15 min; 39 cycles were per-
formed. Each cycle consisted of denaturation at 94 °C for 
20 s, primer annealing at 51 °C for primer G2SKF/G2SKR 
and 60 °C for p289/290 for 30 s, and an extension step at 
68 °C for 1 min, followed by a final extension at 68 °C for 
10 min.

All positive samples were also amplified with nested RT-
PCR using primers designed by us for GII.18 (Table 1), as 
the tests with primer pairs G2SKF/R and p290/289 were 
mostly unsuccessful. PCR-1 consisted of a 30-min initial 
incubation at 55 °C, followed by a 15-min enzyme activa-
tion at 95 °C, then a 1-min denaturation at 94 °C, 1-min 
annealing at 58 °C, and 1-min extension 72 °C, all three 
steps repeated 30 times, followed by a 10-min extension at 
72 °C. In PCR-2, the initial incubation step was deleted, and 
the program was set for 39 cycles with the same conditions 

as PCR-1. All reactions were performed in a thermal PCR 
cycler (BIO-RAD T100).

The PCR products were run in 2.5% agarose gel (Seakem, 
Rockland, ME USA), at 105 V, 300 A for 60 min. GeneR-
uler™ DNA Ladder (Thermo Fisher Scientific™) was 
used as a molecular marker. Each gel was visualized with 
SYBR™ Safe DNA Gel Stain (Thermo Fisher Scientific) 
with blue light filter. PCR products of a correct length 
(330 bp for G2SKF/R, and 320 bp for p289/290, 240 bp for 
nested PCR) underwent Sanger sequencing (DNA Sequenc-
ing and Genomics Laboratory, BIDGEN).

Sequence Analysis

Nucleic acid sequences of the PoNoV partial capsid gene 
(regions 5478–5718 and 5058–5076 based on sequence 
AY823305) obtained were compared with those available 
in Genbank using BLAST (https://​blast.​ncbi.​nlm.​nih.​gov/​
Blast.​cgi). The sequences were aligned with the Unipro 
UGENE software version 49.1 (http://​ugene.​net/). Phyloge-
netic analysis was performed using the norovirus genotyping 
tool (https://​www.​rivm.​nl/​mpf/​typin​gtool/​norov​irus/) and 
EMBL phylogenetic tool (https://​www.​ebi.​ac.​uk/​jdisp​atcher/​
msa). The sequences obtained in this study were deposited 
into GenBank (accession no: 3627-8n-Fi: PP475402, 2908-
6n-Fi: PP475403, 3622skf-Fi: PP479669, and 3622-1n-Fi: 
PP479670).

Results and Discussion

Detection of PoNoVs in Pigs

In this study, we investigated the presence of PoNoVs in 
Finnish pigs by the RT-qPCR method, which is also used for 
the detection of human GII NoVs (L’Homme et al., 2009). 
We used norovirus primers and a probe targeting the viral 
junction of RdRp and capsid gene (primers QNIF2 and 
COG2R, and probe QNIFs), and we were able to identify 
PoNoVs in porcine feces.

We tested a total of 189 porcine fecal samples, 18 (9.5%) 
of which were positive for PoNoV by GII RT-qPCR assay 
(Table 2). We found at least one positive sample in half of 
the 12 farms. The highest percentage of samples positive 
for PoNoV on one farm was 41.2%. Detailed farm-specific 
results are presented in Table 2.

In our study, the overall percentage of positive PoNoVs of 
9.5% based on the RT-qPCR method was in accordance with 
a previous study using a semi-nested PCR method that was 
conducted in New Zealand, where the percentage of posi-
tive PoNoVs was 9% (Wolf et al., 2009). A Brazilian study 
reported a higher number, 51.18% (Silva et al., 2015), and 
many other countries found a somewhat lower percentage of 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://ugene.net/
https://www.rivm.nl/mpf/typingtool/norovirus/
https://www.ebi.ac.uk/jdispatcher/msa
https://www.ebi.ac.uk/jdispatcher/msa
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positive samples: 16.6% in Japan (Nakamura et al., 2010), 
11.4% in Northeast Italy (Cavicchio et al., 2020), 18.9% in 
North Carolina, USA (Scheuer et al., 2013), and 20% in the 
United States overall (Wang et al., 2006). We did not have 
enough samples and farms to conduct a proper prevalence 
study. Differences in the percentage of positive samples in 
other studies could be due to different sampling strategies, 
geographical locations and climate, ages of pigs sampled, 
or detection methods used, for instance, different primers 
with various specificities and running conditions in PCR 
for PoNoVs.

As mentioned in the introduction, some primers that 
recognize GII HuNoVs also attach to the PoNoV genome 
since the attachment sites for the primers and probe have 
a high nucleic acid identity level (L’Homme et al., 2009). 
Our results supported this finding and demonstrated that 
at least GII.18 PoNoV strains are detected with the prim-
ers commonly used in the GII human norovirus RT-qPCR 
assay. The stringency level, such as the RT or annealing 
temperature, set to the assay was found to affect the number 
of the porcine fecal samples yielding positive results (data 
not shown). Temperatures of 50 °C for the RT step and 60 °C 
for the combined annealing and extension step were used in 
this study to detect PoNoVs, although more stringent PCR 
running conditions are generally used for human norovirus. 
Our study also explains our earlier observation in which 
GII NoVs were detected in porcine sludge with these prim-
ers (Ballesté et al., 2021). In that microbial source-tracking 
study, noroviruses did not segregate wastewater of porcine 
and human origin, contrary to wastewater of bovine and 
poultry origin. Further genotyping was not conducted in 
that study. It is beneficial that we have an assay that detects 

GII NoVs comprehensively, but we need to be aware that 
while investigating environmental samples, such as surface 
waters, both PoNoVs and human norovirues, if present in 
water, may be detected.

Presence of PoNoVs in Different Age Groups of Pigs

As shown in Table 3, mostly pigs older than 4 months were 
infected with PoNoVs as compared with younger pigs. 
There were 17 positive samples (11.8%) from pigs older 
than 4 months taken on 12 farms, whereas pigs younger than 
that had only 1 positive sample (2.2%) on one farm.

We focused our study on pigs older than 4 months, since 
PoNoVs have mostly been detected in pigs of that age in 
the literature. PoNoVs have frequently been described in 
finishing pigs (Cavicchio et al., 2020; Nakamura et al., 2010; 
Scheuer et al., 2013; Silva et al., 2015; Wang et al., 2007). 
Finding data from literature on PoNoV frequency in pigs 
less than 4 months of age is challenging. Mijovski et al. 
(2010) reported a frequency of 1/138 suckling pigs (0.7%). 
We analyzed a limited number of samples, only one of which 
contained PoNoV, supporting the general view.

Genotyping of PoNoVs Positive Samples Using 
Sanger Sequencing

First, we amplified the RT-qPCR-positive samples with the 
commonly used primer pairs G2SKF/R and p289/290, but 
only one sample gave a clear band of correct length without 
background. This partial capsid gene sequence was con-
firmed as GII.18 using norovirus genotyping tool (3622, 
GenBank accession no: PP479669). Then, we tested the 
positive samples with nested RT-PCR targeting the partial 
capsid gene of GII.18, and 12 of 18 samples gave a band of 
correct size (240 bp) for PoNoVs. The remaining 6 sam-
ples didn’t reveal any bands, and the genotype could not be 
determined. All 12 strains from this study clustered within 
GII.18 genotype together with the PoNoV strains QW101 
and QW125 (AY823304 and AY823305) from the USA as 
the closest sequences by BLAST search and by phyloge-
netic analysis (Fig. 2). Eight positive samples showed 100% 
nucleic acid identity with each other. Apart from them, one 
positive sample gave a clearly different GII.18 nucleotide 

Table 2   Number and percentage of fecal samples positive for porcine 
noroviruses (PoNoVs) in 12 Finnish pig farms

Positive farms are indicated in bold

Farm number Number of PoNoV posi-
tive samples/total

% of 
positive 
samples

Farms 3 0/3 0
4 0/4 0
5 0/3 0
6 0/17 0
7 0/13 0
8 3/18 16.7
9 2/18 11.1
10 0/26 0
11 1/19 5.3
12 7/17 41.2
13 1/19 5.3
15 4/32 12.5

Total 18/189 9.5

Table 3   Number and percentage of fecal samples positive for porcine 
noroviruses (PoNoV) in different age groups of pigs

Age groups (months) Number of PoNoV positive 
samples/total

% of 
positive 
samples

2–4 1/45 2.2
 > 4–6 17/144 11.8
Total 18/189 9.5
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sequence from this cluster (2908, GenBank accession no: 
PP475403); it shared a pairwise identity of 94–95%. The 
remaining five had lower quality sequences (some of them 
had IUPAC; International Union of Pure and Applied Chem-
istry; nucleotide codes and were not submitted to GenBank). 
No identical nucleic acid sequences to our sequences of 
this gene region were available in GenBank. Our PoNoV 
sequences showed an identity varying from 91 to 92% at 
nucleotide (nt) level and 100% at amino acid level to the 
PoNoV QW101 and QW125 strains. The nt identity of our 
PoNoV strains was 55–56% with the human norovirus GI 
strain KT732279 (Fig. 2).

After the first GII.11 PoNoV strain (Sw43/1997/JP) was 
discovered in Japan (Sugieda et al., 1998) the USA and 
Belgium became the first countries to detect GII.18 and 
GII.19, respectively (Mauroy et al., 2008; Oka et al., 2013). 
Since then, according to a recent review by Cavicchio et al. 
(2022), there have been 47 studies, including those with no 
evidence of PoNoV, published until the year 2022. All our 
strains genotyped were assigned to PoNoV GII.18 based on 
the partial nucleotide sequence of capsid genes. This geno-
type was also found in the study of Keum et al. (2009), in 
which they identified three out of four GII.18 PoNoVs and 
one GII.11 PoNoV based on partial nucleotide sequence of 
ORF1/ORF2. Wang et al. (2005) reported two positive sam-
ples of each genotype GII.11, GII.18, and GII.19. GII.18 
strains have also been reported at least in Slovenia, Brazil, 
Germany, and Italy (Cavicchio et al., 2020; Cunha et al., 
2010; Machnowska et al., 2014; Mijovski et al., 2010). As 
most other studies have used other genome regions for geno-
type determination than what we used in our study, direct 
comparison to our sequences is not possible.

We couldn’t not recognize any recombinants in our study, 
since sequencing of partial polymerase gene was unsuc-
cessful. In future, there is a risk that recombinants between 
human and porcine noroviruses will evolve. It may be more 
likely that they evolve among pigs, since human noroviruses 
are infecting pigs. However, when humans are consuming 
uncooked oysters contaminated with both viruses, an oppor-
tunity for recombination event in human is created.

This study has some limitations. We must interpret 
our results with caution because only a few samples were 

Fig. 2   Phylogenetic tree of 12 representative porcine norovirus 
(PoNoVs) strains obtained in this study and the reference norovi-
rus strains based on 240  bp of the capsid gene region (CLUSTAL 
OMEGA). The 12 newly identified PoNoV strains are in bold-
face. Using genogroup I as the outgroup, 20 distinct genotypes 
from genogroup II are displayed (Po_II:19_AY823306; Po_II:19_
AY823307; Po_II:18_AY823305; Po_II:18_AY823304 from USA, 
Po_II:11_AB126320; Po_II:11_AB074893 from Japan and Po_
II:18_EU448333 from Canada.). The strains in the tree were selected 
based on the tree given by the norovirus genotyping tool. The short 
sequences do not show the comprehensive evolutionary relationships 
between the strains

▸
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collected from each farm. However, our goal was merely 
to determine whether there were any positive samples; we 
did not intend to conduct this as a prevalence study. Fur-
thermore, due to the limited number of samples, precise 
age judgements cannot be made.

This study confirms the presence of GII.18 PoNoVs in 
Finnish pigs. In future, more research should be focused 
on recombinants. Also, analysis of a large number of sam-
ples might reveal detection of GII.19, GII.11 and possible 
human norovirus strains in pigs.
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