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SUMMARY

The objective of this study was to identify the bioserotypes and virulence markers of Yersinia
enterocolitica strains isolated from wild boars in Poland. Bacteriological examination of 302
rectal swabs from 151 wild boars resulted in the isolation of 40 Y. enterocolitica strains. The
majority of the examined strains (n = 30), belonged to bioserotype 1A/NI. The presence of
individual Y. enterocolitica strains belonging to bioserotypes 1B/NI (3), 1A/O:8 (2), 1A/O:27 (2),
2/NI (1), 2/O:9 (1) and 4/O:3 (1) was also demonstrated. Amplicons corresponding to ail and
ystA genes were observed only in one Y. enterocolitica strain – bioserotype 4/O:3. The ail and
ystB gene amplicons were noted in 11 Y. enterocolitica biotype 1A strains, although single
amplicons of ystB gene were found in 28 of the tested samples. In four out of eight cases when
two Y. enterocolitica strains were isolated from the same animal, the strains differed in biotype,
serotype or virulence markers. The European population of wild boars continues to grow and
spread to new areas, therefore, wild boars harbouring potentially pathogenic Y. enterocolitica
4/O:3 strains pose a challenge to public health.

Key words: Ail protein, bioserotype 4/O:3, enterotoxin Yst, hunted wild boars, Yersinia
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INTRODUCTION

Yersiniosis is a zoonotic disease caused by Yersinia
enterocolitica that occurs throughout the world.
Y. enterocolitica has been divided into six biotypes
based on its specific biochemical features: 1A, 1B,
and 2–5. More than 70 serological groups of Y. enter-
ocolitica have been identified based on chemical varia-
tions in the thermostable somatic O antigen. Most of

the reported cases of yersiniosis in Poland are caused
by bioserotypes 4/O:3, 2/O:9 and 1B/O:8. The pres-
ence of pYV (plasmid of Yersinia virulence), ail and
ystA chromosomal genes has been noted in the
above bioserotypes. The ail gene encodes the pro-
duction of the Ail protein (attachment-invasion
locus) responsible for adhesion to intestinal epithelial
cells. By contrast, the ystA gene encodes the pro-
duction of enterotoxin YstA, the main cause of diar-
rhoea during yersiniosis. Biotype 1A strains without
pYV and major chromosomal virulence markers
have been regarded as non-pathogenic [1, 2]. In recent
years, however, a growing number of reports have
revealed that Y. enterocolitica biotype 1A strains
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have been isolated in clinical cases of yersiniosis from
patients with gastrointestinal complaints [3]. Although
biotype 1A very rarely produces YstA enterotoxin, the
ystB gene, which encodes the production of homolo-
gous and biologically active enterotoxin YstB, is
found in more than 80% of cases. The above suggests
that the potential pathogenicity of biotype 1A strains
cannot be ruled out [4].

Numerous studies have demonstrated the presence
of correlations between Y. enterocolitica strains iso-
lated from clinically healthy pigs and from humans
diagnosed with yersiniosis. The main source of
human infection is raw or undercooked pork [2, 5, 6].
Outdoor pig farming is becoming increasingly popu-
lar, and wild boar populations have soared across
Europe [7], which increases the risk of contact between
wild boars and domestic pigs and contributes to the
transmission of pathogenic Y. enterocolitica between
animals. Until recently, there was a general paucity
of information about wild boars as carriers of
Y. enterocolitica. Wild boars are free-living animals
that are closely related to swine, and they could con-
stitute an important environmental reservoir of
Y. enterocolitica. The growing popularity of foods
that deliver health benefits, including game meat,
increases the demand for the meat of wild animals.

Evisceration of hunted animals without an appropri-
ate hygiene protocol can expose hunters to Y. entero-
colitica and lead to environmental contamination.
Y. enterocolitica is able to survive and grow at low
temperatures (e.g. in freezers where carcasses are
stored), therefore, the consumption of contaminated
meat poses a potential health risk for consumers [8].

The objective of this study was to identify the bio-
serotypes and virulence markers of Y. enterocolitica
strains isolated from wild boars obtained during the
2012/2013 hunting season in Poland.

METHODS

Bacterial strains and culture conditions

The materials for the study consisted of 302 rectal
swabs obtained from 151 wild boars shot in the
2012/2013 hunting season in Poland (Fig. 1).
Collection of the samples was not mandatory, it
was based on voluntary cooperation with hunters.
The samples were taken during both, individual
and collective hunting, carried out under the natural
shooting programme in Poland. The samples were
taken from three different regions in Poland, where
the wild boar population is large (Fig. 2). In northern

Fig. 1. Number of wild boars hunted in the hunting (forest) districts (units per 1000 ha of the total area). (Source: Polish
Hunting Association.)
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Poland samples were taken from Warmińsko-
Mazurskie voivodeship (province) (26255 head of
wild boar) and Pomorskie voivodeship (19035
head of wild boar), in the central region of Poland
from Łódzkie voivodeship (7619 head of wild boar)
and in southern Poland from Lubelskie (17281 head
of wild boar) and Podkarpackie (9766 head of wild
boar) voivodeships. In central Poland, cooperation
with hunters failed and we were only able to take
samples from Łódzkie voivodeship. Two samples
were taken from each animal, immediately after
shooting and evisceration. One of the swabs was
placed in a test tube containing 9 ml ITC (irgasan,
ticarcillin and potassium chlorate medium) (warm
culture, prepared according to PN-EN ISO 10273,
incubated at 25 °C for 48 h). The other swab was
placed simultaneously in a test tube containing 9 ml
PSB (peptone, sorbitol and bile salts medium) (cold
culture, prepared according to PN-EN ISO 10273,
incubated at 4 °C for 3 weeks) to determine the
ability of Y. enterocolitica to grow at low tempera-
tures. Next, 0·5 ml of each culture was transferred
to 4·5 ml of 0·5% KOH in 0·5% NaCl for 20 s,
after which a loopful was streaked onto a CIN (cefsu-
lodin, irgasan and novobiocin) plate and incubated at

30 °C for 48 h. Further biochemical identification of
1–5 typical colonies from each CIN plate was conduc-
ted according to the PN-EN ISO 10273 standard to
select potentially pathogenic Y. enterocolitica strains.

Serotype and biotype identification

The examined strains were serotyped by the slide
agglutination test. Live bacterial cells from a 24-h
blood agar culture (Graso Biotech, Poland) were
used as the antigen, and the sera for the most common
somatic antigens O:3, O:5, O:8, O:9 and O:27 were
supplied by ITEST (Hradec Kralove, Czech
Republic). The cells of the tested strains were sus-
pended in a drop of 0·85% NaCl on a glass slide
and mixed with a drop of serum using an inoculation
loop. After shaking for 1 min, agglutination with one
of the five sera used was regarded as a positive result.
The strain was classified as non-identified (NI) in the
absence of agglutination with any of the sera. The
examined strains were biotyped based on pyrazinami-
dase and Tween esterase activity, esculin hydrolysis,
indole production, and salicin, xylose and trehalose
fermentation according to the PN-EN ISO 10273
standard.
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Fig. 2. The structure of the wild boar population in Poland.
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DNA isolation

Genomic DNA isolation was performed with the
Genomic Mini kit (A&A Biotechnology, Poland) ac-
cording to the manufacturer’s instructions and isolates
were stored at -20 °C for further analyses.

Primers and triplex polymerase chain reaction (PCR)
conditions

Triplex PCR included the amplification of three
chromosomal genes: ail, ystA, and ystB. The
sequences of the primers (synthesized in the DNA
Sequencing Laboratory of the Biochemistry and
Biophysics Institute of the Polish Academy of
Sciences, Warsaw) and triplex PCR conditions have
been described in a previous paper [9]. The only
modification was starter connection temperature,
which was set at 45 °C. Triplex PCR was performed
using HotStarTaq Plus DNA polymerase (Qiagen
GmbH, Germany) and the HotStarTaq Plus Master
Mix kit (Qiagen). The 20-μl reaction mixture con-
tained ∼120 ng of isolated DNA (1–3 μl), 10 μl
HotStarTaq Plus Master Mix 2x, 2 μl CoralLoad
Concentrate 10x, and 0·1 μl of each primer (final con-
centration of 0·5 μM), and was supplemented with up
to 20 μl RNase-free water. Three controls were ap-
plied in each reaction: two positive controls with
DNA isolated from reference strains O:8 and O:5,
and one negative control without DNA. After electro-
phoretic separation, the size of the products was eval-
uated by comparison with the standard mass of
GeneRuler 100-bp Ladder Plus (Fermentas UAB,
Lithuania). The following reaction products were

searched: fragments of the ail gene (size 356 bp), the
ystA gene (size 134 bp), and the ystB gene (size 180
bp). The specificity of some of the products was
confirmed by purification with the CleanUp kit
(A&A Biotechnology) and sequencing (Genomed,
Poland).

RESULTS

Bacteriological examination of 302 rectal swabs from
151 wild boars resulted in the isolation of 40 Y. enter-
ocolitica strains. Y. enterocolitica accounted for 13·2%
of the analysed samples and was identified in 26·5% of
the tested animals. The majority (80·0%) of the 32
strains originated from northern Poland, seven
(17·5%) were sampled in the central part of the coun-
try and only one (2·5%) in southern Poland (Table 1).
Twelve (30·0%) of the 40 identified strains originated
from warm culture (ITC) and 28 (70·0%) from cold
culture (PSB). Most (34, 85%) of the examined strains
belonged to biotype 1A, only three (7·5%) were iden-
tified as biotype 1B, two (5·0%) as biotype 2 and one
(2·5%) as biotype 4. The number of strain biotypes
isolated from each type of culture is given in Table 2.

Agglutination with diagnostic serum for somatic
antigen O:3 was observed only in the Y. enterocolitica
biotype 4 strain (2·5%). A similar, single positive re-
sult was reported in a biotype 2 strain agglutinated
with O:9 serum. Reactions with diagnostic serum for
somatic antigen O:8 were observed in two (5·0%)
Y. enterocolitica biotype 1A strains, and a positive re-
sult of two Y. enterocolitica biotype 1A strains for
O:27 serum were also noted. Agglutination with

Table 1. Yersinia enterocolitica strains isolated from various sampling sites

Region/forest district
No. of
wild boars

No. of
samples

No. of isolated
Y. enterocolitica
strains

No. of
wild boars

No. of
samples

No. of isolated
Y. enterocolitica
strains

No. (%) No. (%)

Northern Poland
Górowo Iławeckie 4 8 0 (0·0) 99 198 32 (16·1)
Miłomłyn 19 38 4 (10·5)
Mrągowo 26 52 3 (5·8)
Olsztyn 4 8 2 (25·0)
Trzebielino 46 92 23 (25·0)

Central Poland
Spała 25 50 7 (14·0) 25 50 7 (14·0)

Southern Poland
Rudnik 8 16 0 (0·0) 27 54 1 (1·8)
Tomaszów 19 38 1 (2·6)
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diagnostic serum for somatic antigen O:5 was not
observed, the remaining 85·0% of the examined
Y. enterocolitica strains were regarded as NI due to the
absence of agglutination with any of the analysed sera.

The presence of genes directly linked with the
pathogenicity of Y. enterocolitica was evaluated by
triplex PCR with primers for ail, ystA, and ystB
gene fragments. Amplicons corresponding to ail
and ystA genes were observed only in Y. enterocolitica
biotype 4, serotype O:3 strain (2·5%). Amplicons
corresponding to ail and ystB genes were noted in
11 (27·5%) Y. enterocolitica biotype 1A strains, in-
cluding one (2·5%) serotype O:27 strain and 10
(25·0%) NI strains. The products whose size corre-
sponded only to the ystB gene were found in 28
(70·0%) of the tested samples, including 20 biosero-
type 1A/NI strains; two bioserotype 1A/O:8 strains;
one bioserotype 1A/O:27 strain; three bioserotype
1B/NI strains; one bioserotype 2/NI strain and one
bioserotype 2/O:9 strain. The results of triplex PCR,
including the number, biotype and serotype character-
istics of the isolated Y. enterocolitica strains are pre-
sented in Table 3.

In four (50·0%) out of eight cases when two
Y. enterocolitica strains were isolated from the same
animal, the strains differed in bioserotype (2/O:9 and
1A/NI; 1A/O:27 and 1A/NI; 1B/NI and 1A/NI), and
in both bioserotype and virulence markers (2/NI
ystB and 1A/NI ail, ystB). The above results could
suggest that the gastrointestinal tract was colonized
by more than one type of Y. enterocolitica strain.

DISCUSSION

The growing significance of Y. enterocolitica as an
aetiological factor in human diarrhoea has prompted
research into the pathogen’s prevalence in various spe-
cies of wild animals [9–12]. Currently, more than 70
serotypes and six biotypes of Y. enterocolitica have
been identified. Bacteriological analyses, in particular
cold culture, involve a lengthy waiting period, but pro-
vides highly valuable information and should not be
omitted. In this study, 12 Y. enterocolitica strains
were isolated from warm culture, and 28 strains
from cold culture. The results of other studies also
suggest that both types of culture should be examined,
in particular cold culture, which is most specific for
Y. enterocolitica [13–15].

The bioserotype concept has been introduced to de-
scribe the correlations between biotype and serotype.
In this study, the predominant bioserotype was
1A/NI. The serological variations in biotype 1A
have been researched extensively [1, 2, 16, 17]. The
presence of single Y. enterocolitica strains belonging
to bioserotypes 1A/O:8, 1A/O:27, 1B/NI, 2/NI,
2/O:9 and 4/O:3 was also demonstrated. The preva-
lence of Y. enterocolitica in wild boars has rarely
been studied in Poland, Europe and other regions of
the world. One of the first studies investigating the
presence of Yersinia spp. in wild boars in Poland
was performed by Koronkiewicz et al. [8] who iden-
tified one out of 45 strains isolated from wild boar fae-
ces based on biochemical markers for Yersinia spp.
Serological and molecular identification was not

Table 2. Biotyping results for Yersinia enterocolitica strains isolated from wild boars

No. of strains

Biotype

Total1A 1B 2 4

Total 34 (85·0%) 3 (7·5%) 2 (5·0%) 1 (2·5%) 40 (100·0%)
Warm culture 9 (75·0%) 1 (8·3%) 2 (16·7%) 0 (0·0%) 12 (100·0%)
Cold culture 25 (89·3%) 2 (7·1%) 0 (0·0%) 1 (3·6%) 28 (100·0%)

Table 3. Triplex PCR results, including the number,
biotype and serotype characteristics of the isolated
Yersinia enterocolitica strains

Bioserotype

Virulence markers

No. of strainsail ystA ystB

1A/NI + 20
+ + 10

1A/O:8 + 2
1A/O:27 + 1

+ + 1
1B/NI + 3
2/NI + 1
2/O:9 + 1
4/O:3 + + 1

NI, Non-identified.
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performed, and the strain could not be verified as
Y. enterocolitica. The analysis of swabs from wild
boar carcasses produced negative results [8]. In north-
eastern Germany, Al Dahouk et al. [18] identified
antibodies against Yop proteins in Yersinia spp.
pathogenic strains in 478 (62·6%) out of 763 examined
serum samples. By contrast, in the work of Koppel
et al. [7], who evaluated the prevalence of infectious
diseases in wild boars in Switzerland, the results of
bacteriological tests for Y. enterocolitica were nega-
tive. Y. enterocolitica strains were not biotyped or ser-
otyped in the above studies. In Bulgaria, Nikolova
et al. [19] isolated 46 Yersinia spp. strains from differ-
ent organs of 37 animals. Fifteen of the isolated
strains were identified as serotype O:3, two (5·4%) as
serotype O:5, two (5·4%) as serotype O:8 and two
(5·4%) as serotype O:9. The cited study did not involve
a molecular analysis, but virulence-associated proper-
ties were detected in 21 Y. enterocolitica strains in cal-
cium dependence and autoagglutination assays and in
a pyrazinamidase activity test.

Fast and reliable molecular methods are required to
overcome the problems associated with the identifica-
tion of Y. enterocolitica strains. In a previous study
[10], the authors performed one of the first molecular
analyses of Y. enterocolitica strains isolated from wild
boars, and the results were used in extended research.
The above study [10] analysed the occurrence of genes
directly linked to the pathogenicity of Y. enterocolitica
strains isolated from wild boars hunted in the 2007/
2008 hunting season in northeastern Poland.
Palatine tonsils from 46 wild boars of various ages
were subjected to bacteriological tests. The DNA of
two Y. enterocolitica strains with bioserotypes 1A/
O:5 and 1A/NI was isolated, and ail, ystA and ystB
genes were targeted by triplex PCR. Both strains
(4·34%) possessed the ystB gene fragment, whereas
ail and ystA genes were not detected in any of the
tested samples. This study, extended to other Polish
regions, showed that the prevalence of Y. enterocoli-
tica in wild boars in northern and central Poland
was higher than Y. enterocolitica prevalence in
wild boars in the southern region of Poland
(Supplementary Fig. S1). However, more comprehen-
sive studies are necessary to confirm this observation.
Sannö et al. [20] relied on a combination of cultivation
and PCR analyses to isolate 18 Y. enterocolitica
strains from 88 examined wild boars, which implies
that 20% of individuals tested positive for the patho-
gen. Pathogenic Y. enterocolitica strains were also iso-
lated by Fredriksson-Ahomaa et al. [21] from 9% of

wild boars and were molecularly examined.
Bioserotypes 2/O:5,27, 2/O:9 and 4/O:3 were identified
in Y. enterocolitica strains isolated from three, four
and five animals, respectively. The prevalence of
anti-Yersinia spp. antibodies was higher than in the
study by Al Dahouk et al. [18], and was determined
at 65·0%. ail-positive Y. enterocolitica strains were iso-
lated from the tonsils of 14 (9%) animals and were
identified as belonging to bioserotypes 2/O:5,27, 2/
O:9 and 4/O:3. Wacheck et al. [22] identified ail gene
fragments in Y. enterocolitica strains isolated from
35% of the examined wild boar tonsils by real-time
PCR. On the other hand, Y. enterocolitica was detected
in only 5% of the examined faecal samples, and sero-
types O:5,27, O:9, and O:3 were identified in three
(21·0%), four (29·0%), and five (36·0%) strains, respect-
ively. According to above studies, wild boars appear to
be an important reservoir of Y. enterocolitica.

Our most important finding was the identification
of the first pathogenic Y. enterocolitica 4/O:3 strain
in a wild boar in Poland. Its pathogenicity was
confirmed by triplex PCR that detected ail and ystA
gene fragments based on product size. According to
the European Food Safety Authority (EFSA), bioser-
otype 4/O:3 is widely distributed, and it is responsible
for most cases of human yersiniosis in Europe. This
bioserotype had been previously detected in wild
boars [5, 6], but the ystA gene was not identified.
The pathogenic, ail- and ystA-positive Y. enterocoli-
tica O:3 strain isolated from a hunted wild alpine
ibex in 2012 was identified in only one study [11]. In
a study of wild boars and domestic pigs conducted
by Fredriksson-Ahomaa et al. [6], five (36·0%) out
of 14 ail-positive Y. enterocolitica strains isolated
from wild boars belonged to bioserotype 4/O:3. In
wild boars, bioserotypes 2/O:9 and 2/O:5·27 were
identified in four (29·0%) and three (21·0%) strains, re-
spectively. Two ail-positive Y. enterocolitica strains
isolated from wild boars were not biotyped or sero-
typed. All Y. enterocolitica strains belonging to bioser-
otypes that are pathogenic for humans carried yst
(without diversification into types A, B or C) and
hreP genes associated with virulence. The above
genes were not found in two ail-positive Y. enterocoli-
tica strains that could not be biotyped or serotyped.
This could indicate lower pathogenicity of the ail
gene, and it could suggest that the presence of the
ail gene alone is not a sufficient virulence marker for
identifying human pathogenic strains. The above
observations are consistent with the results of the pres-
ent study where ail gene fragments were detected in 12
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out of 40 Y. enterocolitica strains. However, fragments
of the ail gene as well as the ystA gene, which is highly
associated with Y. enterocolitica pathogenicity, were
identified in the analysed strains in only one case.
The remaining ail gene fragments were detected
together with ystB gene fragments in 10 strains with
the 1A/NI bioserotype and in one strain with the
1A/O:27 bioserotype. Half of all examined Y. entero-
colitica strains belonging to the 1A/NI bioserotype
had the ail gene fragment. In the work of Sihvonen
et al. [23], the partial ail gene nucleotide sequences
of two Y. enterocolitica biotype 1A strains were ident-
ical and similar in 99·7% (one difference per 394 bp)
to the ail gene sequence of Y. enterocolitica biotype
1B serotype O:8 strain 8081 (GenBank accession no.
M29945). The alignment of the complete ail coding
DNA sequences (CDS), made by Kraushaar et al.
[24], revealed that the ail sequence of the Y. enteroco-
litica biotype 1A strain examined by these authors is
slightly different to the ail CDS of the pathogenic
strains. Although the isolated Y. enterocolitica biotype
1A strains rarely harboured the ail gene and were free
of most classical virulence genes, their pathogenic po-
tential cannot be ruled out [24].

An interesting observation was made in four
(50·0%) out of eight cases when two Y. enterocolitica
strains isolated from the same animal differed in bio-
type, serotype and virulence markers. Similar results
were reported by Nikolova et al. [19] who isolated
Y. enterocolitica strains from different organs of the
same animal. The above observation could indicate
that the gastrointestinal tract was colonized by more
than one type of Y. enterocolitica strain. Our results
also suggest that wild boars are a reservoir and a po-
tential vector of Y. enterocolitica infection in humans.

Numerous studies have demonstrated that wild
boars may constitute a reservoir of the bacteria and
a potential source of Y. enterocolitica infection in
humans. The risk of infection is particularly high in
people who come into direct contact with wild boars
or their meat, including hunters, veterinary practi-
tioners and consumers. For this reason, yersiniosis is
a zoonotic disease with significant implications for
public health. The correlations between Y. enterocoli-
tica strains isolated from wild boars and the preva-
lence of yersiniosis in humans have not been fully
explained and require more extensive research. The
presence of Y. enterocolitica 4/O:3 strains in wild
boars, confirmed molecularly in this study, suggests
that the analysed animal species is a carrier respon-
sible for shedding pathogenic Y. enterocolitica into

the environment. It also indicates that similarly to
pigs, wild boars are an important reservoir of entero-
pathogenic Y. enterocolitica and a source of infection
for humans by contaminated meat.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0950268814003872.
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