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ARTICLE INFO ABSTRACT

Keywords: Rotaviruses of group A (RVAs) commonly occur in farm animals. In pigs, they cause acute gastrointestinal
Rotavirus disease which is considered as significant factor of economic losses in pig farming. The aim of the study was an
Inf?CtiO" assessment of the prevalence of rotavirus (RV) infections in farmed pigs in Poland, genotype identification of the
Swme_ virus strains in conjunction with their age-related occurrence and regional (province) distribution pattern in pig
22:{;2‘;2 herds. In total, 920 pig faecal samples were collected from pigs between the ages of one week and two years old
Identification from 131 farms. RVAs were detected using ELISA and molecular methods followed by a sequence-based iden-
Occurrence tification of G (VP7) and P (VP4) virus genotypes. RV antigen was found in 377 (41%) of pig faecal samples. The

correlation between pig age and frequency of RV infections was shown. In the Polish pig population, 145 RVA
strains representing 33 GP genotypes were identified. Subsequent molecular analysis revealed an age-dependent
and regional diversity in distribution of genotypes and virus strains. Besides typical pig RVA strains, novel strains
such as G5P [34], G9P[34], and human G1P[8] were identified in this animal host. Findings from this study
showed a change over time in the genotype occurrence of circulating pig RVAs in Poland. The high genetic
variability of RV strains and acquisition of new virus genotypes have led to the emergence of novel, genetically
distinct RVAs. The changes in the genotype occurrence of RVA strains in pigs indicate the need for their con-
tinuous epidemiological surveillance.

1. Introduction and 4, encoding the outer capsid proteins VP7 and VP4, respectively
(Matthijnssens et al., 2011). The segmented structure of the virus
genome favours the occurrence of reassortation events associated with

the exchanges of viral genome segments between different strains co-

Rotavirus (RV) infections commonly occur in humans and farm
animals. In pigs, they cause acute gastroenteritis manifested by a de-

crease in appetite, apathy and diarrhoea of varying degrees of severity
(Pejsak and Truszczynski, 2005). This gastrointestinal disease is con-
sidered a significant factor of economic losses in pig farming
(Truszezynski and Pejsak, 2012; Papp et al., 2013). RVs are non-en-
veloped viruses containing segmented, double-stranded RNA genome
(Parashar et al., 2003). Each genome segment encodes six structural
viral proteins (VP1, VP2, VP3, VP4, VP6 and VP7) as well as, depending
on the virus strain, five or six non-structural proteins (NSP1-NSP5/6)
(Matthijnssens et al., 2008b). Based on the antigenic properties of the
VP6 capsid protein, animal and human RVs have been classified into
eight serogroups (A—H) (Matthijnssens and Van Ranst, 2012; Midgley
et al., 2012). Further classification of RVA strains into G (VP7) and P
(VP4) genotypes depends on nucleotide sequence differences of genes 9
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infecting a single cell (Dennehy et al., 2008). It may result in formation
of novel, antigenically different RV strains able to cross a species barrier
(Matthijnssens et al., 2008; Martella et al., 2010; Matthijnssens et al.,
2010).

Group A rotaviruses (RVA) are the most epidemiologically im-
portant RV serogroup in pigs, as they are responsible for almost 90% of
RV infections in these animals (Gentsch et al., 2005; Martella et al.,
2010; Matthijnssens et al., 2011). The virus strains from other ser-
ogroups (i.e. B, C, E and H) are less frequently identified in pigs (Collins
et al.,, 2008; Marthaler et al., 2013; Molinari et al., 2014) although
strains from serogroup H are wide-spread in commercially raised pigs in
the USA (Marthaler 2014). So far, 12G and 17 P RVA genotypes have
been identified in pigs (Tate et al., 2012; Papp et al., 2013). However,
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the majority of detected virus strains in the worldwide pig population
mainly belong to G5, G3, G4, P[7] and P[6] genotypes. Despite spatial
and seasonal variation in the distribution of G RVA genotypes, their
occurrence in pigs in Europe, North and South America is similar (Papp
et al., 2013). Nevertheless, some regional differences exist, for example,
in Europe, besides G5, the G4 and G3 RVA strains have often been
detected in pigs, while G11 in Americas, G3 and G9 genotypes in Asia
(Papp et al., 2013). Additionally, G5 RVA and occasionally detected in
other regions of the world G26 were found in Africa (Amimo et al.,
2015). In the case of P RVA genotypes circulating in pigs there are also
differences observed in worldwide genotype distribution. For example,
the P[6] and P[13] strains were more prevalent in pigs in Europe (Papp
et al., 2013). Other genotype such as P[7] was the most common in the
Americas and Asia in which P[23] was also frequently detected (Papp
et al., 2013). Differences not only in the geographical distribution of
RVA genotypes were observed, but also in the frequency of their oc-
currence in the same pig population over years (Papp et al., 2013).

The aim of the study was an assessment of the prevalence of RV
infections in farmed pigs in Poland and genotype identification of the
circulating virus strains in conjunction with their age-related occur-
rence and regional distribution pattern in pig herds.

2. Materials and methods
2.1. Sample collection

Faecal samples from 920 pigs at the age of one week to two years
were collected from 2011 to 2015. Most of the sampled pigs were in
good health (87.4%), as only 116 (12.6%) faeces samples were derived
from diarrheic animals. The animals were housed on 131 small and
large-scale commercial farms located in 107 districts in 16 provinces in
Poland. The number of monitored farms was proportional to the pig
population in a given province (Table 1) (Central Statistical Office,
2011). On each farm, individual faecal samples (" 30 g) were randomly
collected from 6 to 8 animals of different ages with only two samples
per animal age group. Animals were divided into four age groups: 1-4
weeks (nursing piglets), 5-8 weeks (suckling piglets), 9-16 weeks
(weaned pigs) and > 17 weeks (porkers). In the case when on the farm
animals representing one of the studied age group were not present,
then a smaller number of samples was taken respectively. Samples were
stored at —20 °C until analysis.
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2.2. Detection of RV antigens

The ELISA RIDASCREEN Rotavirus Kit (R-biopharm, Germany) was
used for initial screening of faecal samples for the presence of RV an-
tigen. The test was carried out according to the manufacturer's in-
structions. Only RV-positive samples were subjected to further mole-
cular investigation aiming to determine P and G RVA genotypes.

2.3. RNA extraction and RT-PCR amplification of VP7 and VP4 RVA gene
fragments

Supernatants obtained from 10% faecal suspensions were used for
RNA extraction using a QIAamp Viral RNA Mini Kit (Qiagen, Germany)
according to the manufacturer’s instruction. The nucleic acids were
directly used for molecular analyses or stored at —80 °C.

Amplification of RVA gene fragments encoding VP7 and VP4 pro-
teins was performed by the RT-PCR method using a OneStep RT-PCR
Kit (Qiagen, Germany) and previously described primer sets VP7F/
VP7R (Park et al., 2011), Beg9/End9 (Gouvea et al., 1990), Gen-VP4F/
Con2 (Gentsch et al., 1992; Matthijnssens et al., 2008a) and Con3/Con2
(Gentsch et al., 1992). Before amplification, viral RNA was denatured at
97 °C for 5min. and quickly chilled on ice. The following thermal-cy-
cling conditions were used: reverse transcription at 45 °C for 60 min.,
and thermal activation of HotStarTag DNA Polymerase at 95°C for
15 min. followed by 40 cycles consisting of a denaturation step at 94 °C
for 1 min., annealing of the gene-specific primers encoding the VP7 and
VP4 proteins at 47 °C and 50 °C respectively for 2 min., and extension at
72°C for 2min. The final extension was carried out at 72 °C for 7 min.
The correct performance of the molecular analyses at the nucleic acid
extraction was monitored by the inclusion of positive (tissue culture
supernatant containing porcine RVA OSU strain, VR-892, ATCC, USA)
and negative controls. PCR products (10pul) were analysed in 1.7%
agarose gel stained with SimplySafe (EURx, Poland). The electrophor-
esis was carried out in 1XTBE buffer at 100 V (5V / cm) for 90 min. The
sizes of obtained amplicons were compared to the DNA molecular
weight marker (Gene Ruler 100 bp Plus DNA Ladder, Thermo Fisher
Scientific, USA) and visualized under UV light.

2.4. Sequence analysis and genotype determination of RVA in pigs

The VP7 and VP4 amplicons were subsequently excised from the
agarose gel and purified using the QIAquick Gel Extraction Kit (Qiagen,

Table 1
Herd size, number of monitored farms and sampled animals in particular provinces of Poland.
Herd size (animals in thousands) Province Number of Total
districts farms sampled animals in age groups (weeks)
1-4 5-8 9-16 > 17

> 2000 Wielkopolska (WP) 18 22 26 21 40 56 143

1000 - 2000 Lublin (LB) 11 14 41 18 27 22 108
Pomerania (PM) 9 13 18 32 30 7 87
Kujawy-Pomerania (KP) 11 11 27 17 20 21 85
Mazovia (MZ) 10 11 14 25 20 14 73
1L6dz (LD) 7 7 19 4 8 11 42

500 - 1000 ‘Warmia-Masuria (WM) 5 5 6 13 13 2 34
Opole (OP) 5 5 12 12 14 2 40
Podlasie (PL) 3 3 - 4 13 3 20

< 500 West Pomerania (ZP) 8 19 34 35 10 45 124
Silesia (SL) 5 5 6 16 13 2 37
Swietokrzyskie (SK) 4 4 3 2 10 14 29
Podkarpacie (PK) 3 4 11 4 5 14 34
Lower Silesia (DS) 3 3 11 5 7 1 24
Lubuskie (LS) 3 3 10 5 8 1 24
Matopolska (MP) 2 2 7 3 5 1 16

Total 107 131 245 216 243 216 920

* Central Statistical Office, 2011.

106



L. Kozyra, et al.

Germany) according to the manufacturer's instructions. The purified
PCR products were sequenced in both directions on a 3730XL DNA
Analyzer (Applied Biosystems, USA) by Genomed, Poland. Raw data of
the nucleotide sequences of both strands from each amplicon were
corrected independently and compared. The consensus sequence was
established with the use of the CLC Genomic Workbench v. 7.5 nu-
cleotide sequence editor (Qiagen, Bioinformatics, USA). For identifi-
cation of the virus G and P genotypes, nucleotide sequences were
analysed using the RotaC automated RV genotyping tool (http://www.
regatools.be/rota) (Maes et al., 2009). GenBank accession numbers of
the nucleotide sequences for VP7 (MK239708 — MK239752) and VP4
(MK239662 — MK239707) gene fragments of RVA strains found in pigs
are provided in a supplemental table.

2.5. Statistical analysis

The multiple range test was used to determine the confidence in-
tervals (NIR) of the least significant differences (LSD) between the
percentage of particular RVA genotypes and occurrence of GXP[X] RVA
strains detected in pigs. A two-way analysis of variance (ANOVA)
without interactions was used to show the differences in the frequency
of genotypes and strain occurrence in pig population in Poland.
Additionally, to assess differences in the prevalence of RV infections, in
the frequencies of the occurrences of G and P genotypes and in the RVA
strains in pigs from a particular province, a two-way ANOVA with in-
teraction was applied. The percentage of detected genotypes and RVA
strains in provinces was an interaction. This method was also used for
an assessment of the relationship between pig age (animals age group)
and the frequency of occurrence of RV infections, G and P genotypes
and virus strains in the tested animal population. The adopted sig-
nificance level was a = 0.05. All calculations were performed with the
Statgraphics Centurion v. XV package (Statpoint Technologies, USA).

3. Results
3.1. Prevalence of RV infections in pigs

The presence of RV antigen was detected in 377 (41%) out of 920
pig faecal samples. The relationship between pig’s age and frequency of
RV infections in the tested animals was elucidated (p < 0.0001)
(Table 2). In piglets at age 1-4 and 5-8 weeks respectively 57.9% and
54.1% of animals were infected. The number of infected pigs from these
age groups was significantly higher than it was among older animals
from other groups (p < 0.0001) (Table 2). There were no statistically
significant differences observed (p > 0.05) in the frequency of RV in-
fections in pigs at the same age housed in different provinces.

3.2. Identification of G genotype of pig RVA strains

G genotype was identified for 217 (57.6%) out of 377 virus strains
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Table 3
Number of detected pig RVA strains with particular G genotype in different age
groups.

Animal age (weeks)

Genotype Number of RVA strains (%)

1-4 5-8 916 >17 Total (%)
Gl 9 “1> 3 @® 2 (09° 1 (05?7 15(6.9)"
G2 2 (09 4 @18 8 @7 3 14 17788
G3 19 88° 5 (23° 4 (18P 2 (09" 30(13.8)8
G4 30 (13.8)° 13 (6)° 2 (0.9)° 2 (0.9° 47 (21.7)°¢
G5 27 (12.4)° 23 (10.6)° 12 (55" 6 (2.8 68(31.3)°
G6 - - 1 (05°* - - - - 1(0.5)*
G9 7 @B2° 11 G1® 3 1.4)° 6 (2.8)° 27(125)°8
G11 3 (14 5 (23 1 (05)? 3 (1.4° 12(.5)°8
Total 97 65 32 23 217 (100)

a, b, ¢ — different letters indicate age group of animals in which the percentage
of RVA strains with specific G genotype differs significantly (LSDg gs)-

A,B,C - different letters indicate genotypes which prevalence differ significantly
(LSDog.05)-

The numbers in brackets are the percentage of particular virus genotype de-
tected to all virus strains with identified G genotype.

detected by ELISA in pig faeces. In the Polish pig population infections
were caused by RVA strains belonging to 8 G genotypes (Table 3). G5
was the most frequently detected (31.3%), while infections caused by
G6 RVAs were less common in pigs (0.5%). In the case of G1, G2, G3,
G4, G9 and G11 RVA, differences in the frequency of their occurrence in
pigs were not statistically significant (p > 0.05). Analysing the re-
lationship between the occurrence of a particular G RVA genotype and
the animal’s age, infections in piglets up to 4 weeks old were caused by
G5 (12.4%) and G4 (13.8%) RVA strains (p < 0.0001). In animals in
the 5-8 week age group, G5 RVAs (10.6%) were dominant. In pigs older
than 9 weeks none of the detected G genotypes prevailed (p > 0.05).
In addition, statistically significant differences in the frequency of the
occurrence of G RVA genotypes in pigs by Polish province were ob-
served. Among pig RVA cases in Pomerania (PM) and Lubuskie (LS)
provinces, infections caused by G5 strains accounted for 8.5% and 4.1%
respectively. They occurred more frequently in pigs than infections
with other G genotypes (p < 0.0001). However, this relation was not
shown for other provinces in which differences between the occur-
rences of particular G RVA genotypes was not statistically significant
(Table 4). Nevertheless, regional differences in the number of G RVA
genotypes detected in pigs were observed. The greatest diversity of G
genotypes was found in animals from farms in Kujawy-Pomerania (KP)
(8 genotypes), Wielkopolska (WP), West Pomerania (ZP), Lublin (LB) (7
genotypes) and PM (6 genotypes) provinces. In contrast to these results,
infections solely caused by RVA strains belonging to 2 different G
genotypes were observed in pigs from farms in Matopolska (MP) and
Swietokrzyskie (SK) provinces. Identification of virus genotypes re-
sponsible for infections in pigs from Podlasie (PL) province was not

Table 2

Age, and health status of tested pigs and ELISA results for the occurrence of RVA infections in animals.
Animal age (weeks) Production group Number of pigs Total

non-diarrhoeic diarrhoeic ELISA
positive (%) negative (%)

1-4 nursing piglets 173 72 144 (57.9)° 101 (42.1) 245 (100)
5-8 suckling piglets 195 21 120 (54.1)° 96 (45.9) 216 (100)
9-16 weaned pigs 230 13 72 (27.2)* 171 (72.8) 243 (100)
>17 porkers 206 10 41 (17.5)? 175 (82.5) 216 (100)
Total 804 116 377 (41) 543 (59) 920 (100)

a, b — different letters indicate age group of animals in which the percentage of RVA infected pigs differs significantly (LSDg ¢s). The numbers in brackets are the

percentage of infected or non-infected animals within each analysed age group.
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Table 4

Number of detected pig RVA strains with particular G genotypes in different provinces.

Province

Zp Total

WP

SL SK

PM

KP LB LS LD MP MZ OoP PK PL

DS

Genotype

15
17
30
47

9 (4.1)?

2 (0.9

1 (0.5)?

2 (0.9)*

1 (0.5)?

Gl

Number of RVA strains (%)

31.4° 3.4

2 (0.9

1 (0.5)*

1(0.5?* 3@1.4?

1 (0.5)*

1 (0.5)*

2 (0.9)*

G2

3 (1.4)? 4(1.8)?*

1 (0.5)?

- 1 (0.5)? 6 (2.9)*

5(2.3)*

2(0.9* 4(01.8* 2(0.9?

2 (0.9

G3

2 (0.9 20097 3(1,3* 10572 111" 4(1.8)?
7 (3.2)*

2(0.9° 4(1.8)°

2 (0.9 6 (2.9)"

2(0.9?* 2(0.9* 6(2.9?

G4

68

4(1.8)*

18 (8.5 2(0.9° 1(0.5° 1(0.5)?

8(3.7* 9(41)® 5(23)7 1(0.5°* 4(1.8* 2(0.9° 2(0.97?

4(1.8)*

G5

1 (0.5)*

G6

27

6 (2.9)*

3 (1.4)?

- 2 (0.9)* -

1 (0.5 1(0.5)?

1 (0.5)?

5(2.3)* 3@0.4* - 2 (0.9)*

3(1.4)%

G9

12

1 (0.5)?

4(1.8)*

- 1 (0.5)?

2 (0.9

1(0.5* 1(0.5)? 1 (0.5)?

1 (0.5)?

G11

217 (100)

Total

a, b — different letters indicate statistically significant differences (LSDy os5) in genotype prevalence in particular provinces.

The numbers in brackets are the percentage of particular virus genotype detected to all virus strains with identified G genotype.
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Table 5
Number of detected pig RVA strains with particular P genotypes in different age
groups.

Animal age (weeks)

Genotype Number of RVA strains (%) Total (%)
1-4 5-8 9-16 >17

P[6] 28 (17.8)° 23 (146)° 3 (1.9° 4 (2.5 58(36.9)®
P[7] 10 (64" 6 (39° 4 (25* - - 20 (12.7)*
P[8] - - 2 a3y - - - - 2 (1.3
P[11] - - 1 (067 - - - - 1 (0.6
P[13] 26 (166)° 7 (45° 5 (3.3 4 (25° 42(267)°
P[14] 1 (067 - - - - - 1 (0.6)*
P[22] 2 132 - - - - 1 (0.6 3(1.9%
P[23] 1 (067 1 (06 - - - - 2 (1.3)"
P[26] - - 2 (13 2 (1.3 - - 425"
P[27] - - 2 (1.3 2 (1.3* 1 (0.6)* 5(3.2"
P[32] - - 5 (337 1 (06* 3 (1.9 97
P[34] 2 (1.3 1 (0.6 3 (1.9* 4 (250 10(6.49)"
Total 70 50 20 17 157 (100)

a, b, ¢ — different letters indicate age group of animals in which the percentage
of RVA strains with specific P genotype differs significantly (LSDg os).

A,B,C - different letters indicate genotypes which prevalence differ significantly
(LSDog,05)-

The numbers in brackets are the percentage of particular virus genotype de-
tected to all virus strains with identified P genotype.

successful (Table 4).

3.3. Identification of P genotype of pig RVA strains

P genotype was determined for 157 (41.6%) RVA strains detected in
pigs (Table 5). They belonged to 12P genotypes, among which P[6]
(36.9%) and P[13] (26.7%) were the most common. There were no
significant differences observed in the frequency of prevalence of RVA
strains having other P genotypes (p > 0.05). P[6] (17.8%) and P[13]
(16.6%) RVA prevailed in piglets up to 4 weeks of age, whereas in the
piglet group of 5-8 weeks of age, P[6] RVA was the most frequently
detected (14.6%). In animals older than 9 weeks none of the detected P
genotypes was dominant (p > 0.05). In the tested pig population, the P
[8] and P[14] RVA genotypes were identified, which are not specific to
this host. In the LB province, the percentages of the P[6] (5.7%) and P
[13] (3.8%) strains infecting pigs were significantly higher
(p < 0.0001) than to other detected virus P genotypes (Table 6). P[13]
RVA strains were frequently identified in pigs from the LS province.
However, infections caused by P[6] RVA dominated in animals from
WP (10.8%) and Podkarpacie (PK) (3.8%) provinces, while P[7] RVAs
were highly prevalent in pigs from Silesia (SL) province (3.8%,
p < 0.0001). The highest number of different P genotypes among the
detected RVA strains was identified in PM (7 genotypes) and ZP (6
genotypes). In addition, a single strain of P[6] genotype was detected in
the PL region (Table 6).

3.4. Geographical distribution of RVA strains

In total, 145 RVA strains representing 33 GP genotypes were iden-
tified in the Polish pig population. For 72 strains only the G genotype
was identified, whereas the P genotype was successfully determined for
12 strains (Table 7). In pigs, G4P[6] RVA (13.8%) strains were the most
frequently detected. They were highly prevalent compared to other GP
RVA genotypes. The G4P[6] strains were found in animals from 12 out
of 16 provinces (except LS, £.6dZ (LD), MP and PL) (Fig. 1). Other RVA
strains often found in Poland were G5P[13] (8.2%) and G3P[13]
(5.1%). They occurred in pigs farmed in western (ZP, LS, WP, Lower
Silesia (DS) and Opole (OP), northern Warmia-Masuria (WM) and
eastern (LB) parts of Poland. Besides typical pig RVA genotypes, novel
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strains such as G5P[34] and G9P[34] were identified in pigs. They in-
g fected animals from WP, PM, ZP and OP in which the largest population
= N of pigs and number of farms are present. A strain rare for the swine host
F|B8arS¥coavnall but often detected in humans, G1P[8] RVA, was found on a pig farm in
I, . . the ZP province. In this study a significant relationship between the
§ § g f g § occurrence of particular RVA strains in pigs and animal age was shown.
ST I In the group of piglets at the age of 1-4 weeks, the number of animals
R infected with G4P[6] RVA was higher than the number infected with
g s s s other virus strains detected in this group. However, in piglets at the age
o ® b 2 of 5-8 weeks, G4P[6] and G5P[13] occurred more frequently than
S S S N other virus strains. In animals older than 9 weeks none of the detected
B B Y. RVA strains was dominant.
° ° @9
=S S ce . .
S I L = R B TR R B N IR 4. Discussion
§ § The use of RV vaccines and the improvement of breeding conditions
-2 have significantly reduced piglet mortality, but RV diarrhoea is still
considered an important health problem on pig farms (Barreiros et al.,
5% & 2004; Lorenzetti et al., 2011). The worldwide prevalence of RVA in-
a S g | E o fections in pigs is age dependent and ranges from 0.8% in Europe to
72% in South America (Barreiros et al., 2003; Collins et al., 2010;
555 5% 5 N Lachapelle et al., 2014; Machnowska et al., 2014). In this study, the
s|2cg g8 ¢ g prevalence of RVA infections in the population of Polish pigs was es-
i timated at 41% (Elisa based results), which was higher than observed in
PR Germany 0.8% (Machnowska et al., 2014), Ireland 6.5% (Collins et al.,
. g 2010), Spain 7% (Halaihel et al., 2010), Denmark 10% and Slovenia
I T L A A I A < 20% (Midgley et al., 2012). A higher (71.5%) prevalence of RVA in-
a5 s . % fections in pig herds was only observed in Italy and the United Kingdom
22 « 2 g % (Martella et al., 2007; Chandler-Bostock et al., 2015).
Blom it it im0 11 £ ,_ff The results of molecular genotyping of Polish pig RVA strains
. L. L. § 2 showed a large variation among G and P genotypes (33 genotypes). It
s ) e =@ @ @ ;g was found that RVA strains belonged to 8 G (G1, G2, G3, G4, G5, G6,
-§ Sla i i i S8 e D E § G9, G11) and 12 P (P[6], P[7], P[8], P[11], P[13], P[14], P[22], P[23],
& i} i} £ g P[26], P[27], P[32], P[34]) genotypes respectively. A similar panel of
) Y 2‘ i circulating G and P RVA in pigs was observed in Slovenia (Midgley
g E o i o é £ et al., 2012) and Great Britain (Chandler-Bostock et al., 2014). In other
g8 European countries, RV infections in pigs were caused by a less diverse
=2 . g ! panel of the strains encompassing 4-6, different G and P genotypes
a E (Martella et al., 2005; Collins et al., 2010; Midgley et al., 2012;
§ ol o) ) éTg Machnowska et al., 2014; Monini et al., 2014; Theuns et al., 2014,
£ a % ?:' . % o E‘/ L ‘é b 2015; Wenske et al., 2018). This low strain diversity could result from
g & g differences in piglet age at weaning, the length of the fattening period,
g % 5 E § and the scale of national and international animal trade in particular
g - ) S g 2 countries (Collins et al., 2010; Monini et al., 2014; Theuns et al., 2014,
ES = e 2z 2016; Wenske et al., 2018). When a temporal analysis of the occurrence
H . o P P Tj’ % in pigs in Poland of particular G RVA genotypes was performed, it be-
% o g g g g § ; came clear that since 2002 infections caused by G5 and G4 RVA have
g e T L L L B B B B 55 dominated uninterruptedly. The G5 RVA genotype is considered the
§° . s . e . % E most widespread virus genotype in pigs in the world (Kim et al., 2010;
% E\_ S S « 5 é Papp et al., 2013; Chandler-Bostock et al., 2014; Theuns et al., 2016). In
= El&c i iaici 111 E ‘g addition to the G5, G3 and G4 virus genotypes which are often iden-
é L . By tified in the Polish pig population, it is noteworthy that G9 RVA strains
g, Ee) = i o appeared in pigs in Poland, and constituted a large (12.4%) proportion
= 2 S ‘3 L ‘:‘1 Do 9 & of the strains circulating in this animal species. Viruses with this gen-
E é g otype were found in Asia in the late 1990s and since then they have
g RSO IReRYY 8 :5)")- spread worldwide causing infections in both humans and animals
@ ARARAARRA AR R A A ; S (Santos et al., 1999; Matthijnssens et al., 2010; Wu et al., 2017). In
g ~ S g Europe, G9 RVA in pigs was first reported in 2005 in Ireland (Collins
.C;" ?E» E 2 et al., 2010). In the subsequent years strains possessing this genotype
,g‘ g E é appeared in Danish, Spanish (Midgley et al., 2012), British (Chandler-
£ @ 3 S Bostock et al., 2014), Belgian (Theuns et al., 2014), Italian (Monini
§ E ‘q:; 5 et al.,, 2014) and German (Wenske et al., 2018) pigs with different
5 g “E aa:‘S _cg prevalences ranging from 6.2% to 44%. G1 RVA with its worldwide
© g g2 _ |2 E prevalence not exceeding 2%, belongs to the group of virus strains
_% E é’i g E _é s rarely detected in pigs (Papp et al., 2013). Prior to this study in Europe
& 2 § B only in Slovenia (Steyer et al., 2008) and Belgium (Theuns et al., 2015)
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Table 7
Occurrence of G/P RVA strains in pigs.
P[X]

GX (%) P[6] P[7] P[8] P[11] P[13] P[14] P[22] P[23] P[26] P[27] P[32] P[34] P[X] Total

Gl - 8 (3.5) 1(0.4) - 314 - - - - - - - 3(1.4) 15

G2 - - - - 2(0.9) - - - - 4(1.7) 2(0.9) 2(0.9) 7 (3.0) 10

G3 2(0.9) 6 (2.6) - - 12 (5.1) - 1(0.4) - - - - - 9 (3.9 30

G4 31 (13.8) - - - 2(0.9) - - - 2(0.9) - - - 12 (5.1) 47

G5 8 (3.5) 4 (1.7) - 1(0.4) 19 (8.2) - 1(0.4) - 1(0.4) - 2(0.9) 5(2.2) 27 (11.6) 68

G6 - - - - - - - - - - - - 1(0.4) 1

G9 6 (2.6) 2(0.9) - - 3(1.4) - - 1(0.4) - - 314 2(0.9) 10 (4.3) 27

G11 5(2.2) - - - - 1(0.4) 1(0.4) 1(0.4) - - 1(0.4) 3(1.4) 12

GX 6 (2.6) - 1(0.4) - 1(0.4) 1(0.4) - - - 1(0.4) 2(0.9) - - 12

Total 58 20 2 1 42 1 3 2 4 5 9 10 72 229 (100)

The numbers in brackets are the percentage of particular G/P RVA strain detected to all virus strains with identified genotypes.

had single G1 RVA strains been detected in pigs. It is worth making
mention of the first identification in a pig in Poland of bovine G6 RV
reassortant strain, which rarely occurs in this animal (Martella et al.,
2001; Midgley et al., 2012; Theuns et al., 2016). The prevalence of
other genotypes such as G2 and G11 in pigs in Poland was comparable
to that in other European countries (Midgley et al., 2012; Vlasova et al.,
2017).

In this study infections caused by P[6] RVA (36.9%) and P[13]

G2P[32] (1)
G4P[6] (2)
G1P[7] (2) G2P[34] (2) G5P[6] (1)
G3P[13] (2) GA4P[6] (7) G5P[7] (2)
G4P[13] (2) GS5P[6] (4)

SAREIC) G5P[13] (1) G5P[34] (2) 2::{;;} {3}
G‘::"llgl (;) GoP[6] (1) G9P[34] (2) G9p[23] (1)
GZP{?.Z% El; G11P[6] (3) G11P[34] (1) G3,G5,G9,G11P[X] (10)

G3P[6] (1) G2-G5P[X] (8)  GXP[6] (2) GXP[8],P[14] (2)
G3P[13] (2)

G4P[6] (3)

G4P[26] (1)
G5P[34] (2)
G9P[13] (2)
G9P[32] (3) Zi
G11P[6] (1)
G1,G3,G5,
G9P[X] (9)
GXP[32] (1)

G3P[13] (2)
G5P[13] (4)
G11P[26] (1)
G5P[X] (5)

G3P[13] (2)
G4P[6] (1)
G9P[6] (1)
G9P[7] (1)

G4,G9P([X] (2)

(26.7%) were most frequently detected. In comparison to the results of
previous studies conducted by Winiarczyk et al. (2002), an increase in
the number of P[6] RVA infections in pigs was observed in Poland. As
demonstrated by other authors, this RV genotype has been shown as
dominant in pig herds in Denmark (56%) (Midgley et al., 2012), Slo-
venia (41%) (Midgley et al., 2012) and Great Britain (33%) (Chandler-
Bostock et al., 2014). The incidence of P[13] RVA infections in the
Polish pig population was twice as high as in other European countries,

G4P[6] (2)

G5P[34] (2)

GoP[6] (1)

GoP[7] (1)

G9P[13] (2)
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G5P[X] (1)
GXP[32] (1)

PL —1| GxPls] (1)

G2P[13] (1)
G4P[6] (4)
G5P[13] (2)
GoP[6] (1)
G4,G5P[X] (4)

G1P[7] (2)
G2P[27] (1)
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G4P[6] (4)
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G5P[22] (1) el ) GaeL7] (6] G5P[13] (1) G3-G5,G9,G11P[X] (9)
6sp[34] (1) G5P[13] (1) GaP[6] (2) Qe ) ,G9,

GoP[6] (1) G5P[26] (1) G5P[11] (1) G2,G5P[X] (2) Gap[s] (1) G11P[23] (1)

62-G4P[X] (6) G4,G9,G11P[X] (4) G5PIX] (1)

GXP[27] (1)

Size of pig herd
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I > 2 000
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500 - 1000
<500
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Fig. 1. Geographical distribution of pig RVA strains in Poland. Values in brackets indicate number of detected RVA strains of particular genotype. GX, P[X] -

undetermined genotype.
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where single cases of infections were noticed (Collins et al., 2010;
Midgley et al., 2012; Chandler-Bostock et al., 2014; Monini et al., 2014;
Theuns et al., 2014). In contrast to Europe, in North America P[13]
RVA strains were the most commonly identified in pigs (Amimo et al.,
2013). Another virus genotype important in the epidemiology of RVA
infections in pigs in Poland is P[7] with 12.7% prevalence, which is
similar to that observed in elsewhere in Europe (Papp et al., 2013). A
much higher spread of this virus genotype was found in animals kept in
Asia (41.7%) and in North and South America (77.2%) (Amimo et al.,
2013).

Animal age might have a significant influence on the occurrence
frequency of particular G and P genotypes in pigs in Poland. In piglets
up to 8 weeks of age, the infections were mainly caused by prevailing
G4, G5 and P[6], P[13] RVA genotypes. There were no differences
observed in the prevalence of G and P genotypes in older animals,
which may be associated with the lower number of RVA infections in
this animal group. Geographical differences in the occurrence of RVA
genotypes were also shown. The greatest strain diversity was found in
pigs from the north-western part of Poland and in Lublin province,
where the pig population and the number of large-scale commercial
farms were the highest.

In our studies, more heterogeneous circulation of G and P RVA
genotypes in pigs has been seen in Poland over the last 15 years. It is
evidence for a genetic reassortment having occurred between virus
strains having different genotypes as well as between strains originating
from different hosts. As seen in previous studies P[11], P[22], P[23], P
[26], P[27], P[32], and P[34] RVA are newly emerging virus strains in
pigs (Steyer et al., 2008; Collins et al., 2010; Midgley et al., 2012; Papp
et al., 2013; Chandler-Bostock et al., 2014, 2015; Monini et al., 2014;
Theuns et al., 2015, 2016). Besides detection of the typical RVA gen-
otypes for pigs, the novel strains G5P[34], GOP[34] and GXP[14] were
detected in the swine host. Until now, the P[14] genotype of RVA had
been associated only with infections in ruminants and rabbits (De
Leener et al., 2004; Matthijnssens et al., 2006, 2009; Bonica et al.,
2015). Further evidence of genetic reassortment of RVA strains is pro-
vided by the presence of P[8] RVA which has previously been detected
in pigs only sporadically (Chandler-Bostock et al., 2014). Indeed, RVAs
of this genotype are associated with human infections (Iturriza-Gémara
et al., 2009; Laszl6 et al., 2012; Usonis et al., 2012; Konstantopoulos
et al., 2013; Roczo-Farkas et al., 2016).

The emergence of new, genotypes rarely detected in pigs in Poland
could be associated with importation of asymptomatically infected
animals from neighbouring countries. For example, strains with G1P
[71, G2P[27], G2P[32], G2P[34], G9P[13], G9P[23] and G9P[32]
genotypes were detected in Poland and Germany. In this light, a rise in
G4P[6] RVA infections in Polish pigs could be also linked to significant
movement of live animals from Denmark and the Netherlands to Poland
occurring in the years 2011-2015 (Statistics Poland, 2018). G4P[6]
RVAs come among the most frequently found strains in pigs in these
countries (van der Heide et al., 2005; Midgley et al., 2012).

Although molecular methods were used for identification of RVA
strains, the number of detected strains may not fully reflect the pattern
of circulating genotypes as the products of analysed genes for some
strains were not always obtained. This could be considered as a major
limitation of the study. Failures in the identification of pig RVA geno-
types have also been reported by other authors (Parra and Espinola,
2006; Simmonds et al., 2008; Solberg et al., 2009). Generally, they
resulted from mismatches of the primers to sequences of the amplified
gene fragments (Simmonds et al., 2008) or an insufficient amount of
viral RNA available for molecular analyses (Solberg et al., 2009). In
addition, unreadable chromatograms at the stage of sequencing and
difficulties in assembling the consensus nucleotide sequences were also
observed. Furthermore, the presence of mixed infections caused by
different virus strains could affect reverse transcription as the consensus
sequences could not be established for 17 (4.5%) samples containing a
mixture of closely related matrices.

Veterinary Microbiology 232 (2019) 105-113

5. Conclusion

Findings from this study showed diversity of G and P RVA genotypes
circulating in pigs in Poland. The variability and acquisition of new
virus genotypes has led to the emergence of novel, genetically distinct
RVAs. The emergence of RVAs genotypes that were not detected pre-
viously in the swine host is probably influenced by the observed
country-to-country differences in breeding conditions of pigs, popula-
tion density and scale of animal trade. In comparison to other European
countries a higher genetic variability of pig RVA strains in Poland was
observed. The changes in the genotype occurrence of RVA strains in
pigs indicate the need for continuous epidemiological surveillance of
circulating strains combined with the identification of virus genotypes.
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