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SUMMARY
A survey of 788 pigs from 120 farms was conducted to determine the within-farm prevalence of
pathogenic Yersinia enterocolitica and a questionnaire of management conditions was mailed to
the farms afterwards. A univariate statistical analysis with carriage and shedding as outcomes was
conducted with random-eﬀects logistic regression with farm as a clustering factor. Variables with
a P value <0.15 were included into the respective multivariate random-eﬀects logistic regression
model. The use of municipal water was discovered to be a protective factor against carriage and
faecal shedding of the pathogen. Organic production and buying feed from a certain feed
manufacturer were also protective against total carriage. Tonsillar carriage, a diﬀerent feed
manufacturer, fasting pigs before transport to the slaughterhouse, higher-level farm health
classiﬁcation, and snout contacts between pigs were risk factors for faecal shedding. We
concluded that diﬀerences in management can explain diﬀerent prevalences of Y. enterocolitica
between farms.
Key words: Yersinia enterocolitica, zoonotic foodborne diseases.

INTRODUCTION
In the EU, yersiniosis is the third most common zoonotic foodborne disease causing 2.6 human infections/
100 000 population [1]. In Finland, the annual incidence rate of yersiniosis infection is higher than the EU
average at 11 cases/100 000 population [2] with considerable regional variation existing in the number of
cases within the country. Yersinia enterocolitica causes
acute gastroenteritis with fever and occasionally
* Author for correspondence : S. E. Virtanen, DVM, Department
of Food Hygiene and Environmental Health, Faculty of Veterinary
Medicine, PO Box 66, 00014 University of Helsinki, Finland.
(Email : sonja.virtanen@helsinki.ﬁ)

bloody, watery diarrhoea, especially in children.
Pseudoappendicitis is a common clinical syndrome in
young adults and secondary immunological reactions
may lead to reactive arthritis and erythema nodosum
[3].
Pathogenic Y. enterocolitica is frequently isolated
from the intestinal contents and tonsils of healthy
pigs which are considered to be the major reservoir of
Y. enterocolitica [4–7]. The occurrence of pathogenic
Yersinia in raw pork may be up to 16.7% [1]. In casecontrol studies, consumption of food prepared from
raw pork products has been identiﬁed as a major risk
factor for yersiniosis [8–11]. Similar genotypes have
also been observed in Y. enterocolitica strains of
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human and pig origin, indicating that contaminated
pork plays an important role in human yersiniosis
[12, 13].
Y. enterocolitica is rarely isolated from piglets.
Young pigs start to shed the organism in their faeces
at the age of 12–14 weeks [14, 15]. Shedding increases
with age, reaching highest levels at 19–20 weeks after
which shedding decreases gradually. At the age of
slaughter, a high proportion of fattening pigs carry
Y. enterocolitica in their tonsils [14, 16, 17]. Highly
contaminated tonsils can further contaminate carcases during the slaughter and evisceration process,
particularly when the head is not removed and handled separately [16]. Y. enterocolitica has also been
isolated from sows but the prevalence is signiﬁcantly
lower compared to young fattening pigs, possibly due
to natural resistance [5]. However, sows may still be
the source of infection in piggeries.
Variation in shedding and within-farm prevalence
of Y. enterocolitica exists between farms [7, 18, 19].
Factors associated with the within-farm prevalence
in pig production have been investigated in several
studies [18, 20–23]. Farm location, vaccination against
Escherichia coli, and deaths due to scours and meat or
bone meal in the diet have previously been associated
with high on-farm prevalence of Y. enterocolitica [23].
In addition, high production capacity, wet feeding,
faecally contaminated feed, absence of coarse feed or
bedding, and drinking from a nipple [18], as well as
presence of cats or kittens on a farm and use of straw
bedding have been linked to high on-farm prevalence
[20]. Attempts to isolate Y. enterocolitica from the
farm environment in order to deﬁne a potential environmental source of infection have failed [14, 21]
indicating that the environment plays a minor role in
origin of Y. enterocolitica and pig-to-pig transmission
is most important in the spread of infection. Pigs can
acquire the infection from contaminated faeces or pen
ﬂoors. Y. enterocolitica is also thought to spread
within a piggery when pigs are regularly moved from
one pen to another [24].
Some farms have consistently low levels of Y. enterocolitica [18, 25]. In Norway, speciﬁc pathogen-free
herds have successfully been established and maintained free from Y. enterocolitica for several years
[26]. However, establishing new herds by caesarean
section and completely renewing the swine population
within a country is very expensive and laborious.
A question remains: Could Y. enterocolitica be prevented on a pig farm by focusing on management and
by determining the detailed factors related to the

prevalence of Y. enterocolitica ? Thus, the objectives
of our study were to ﬁnd factors associated with
the within-farm prevalence of pathogenic Y. enterocolitica, to analyse which factors aﬀect the risk of pigs
being positive for Y. enterocolitica at the abattoir and
to ﬁnd risk factors for faecal shedding.

METHODS
Sampling and data collection
Intestinal contents and tonsils from 788 healthy fattening pigs from 120 diﬀerent farms were sampled at
six diﬀerent slaughterhouses in Finland to investigate
for the presence of Y. enterocolitica. The pigs were
randomly chosen from the slaughter batch from each
farm. On average, 13.1 samples were collected per
farm (range 2–86, S.D.=15.68). Intestinal contents
were collected with a sterile spoon through an incision
in the bowel and tonsils were collected aseptically.
Pathogenic Y. enterocolitica was isolated and
identiﬁed as previously described [18]. Brieﬂy, Y.
enterocolitica was isolated using cold enrichment in
peptone-mannitol broth (PMB) at 4 xC for 7 and
14 days, followed by alkali treatment with 0.25 %
KOH solution. In addition, selective irgasanticarcillin-potassium chloride (ITC) enrichment at
25 xC for 48 h was used. The samples were plated onto
cefsulodin-irgasan-novobiosin (CIN) agar. The
pathogenicity of the isolates was conﬁrmed using PCR
to detect the chromosomal ail [27] and the virF [28]
gene located in the virulence plasmid pYV. Strains
were further tested using API 20E (bioMeriéux,
France). The isolates were biotyped [29] and serotyped
using commercial antisera (Denka Seiken, Japan).
The farms from where the sampled animals originated were ﬁrst contacted by telephone to introduce
the project and then mailed a purpose-designed
questionnaire containing questions about production.
In total, data on 166 variables were collected. The
topics of the questionnaire are presented in Table 1.
In addition, in order to clarify if the origin of piglets
aﬀects the carriage or shedding of Y. enterocolitica,
the origins of examined fattening pigs were traced.
These data were available from four out of six
slaughterhouses comprising 73 of 120 farms (61 %).

Background information
In Finland, pigs are generally fattened from about
25–100 kg. Piglets can be of various origins, and may

Downloaded from https://www.cambridge.org/core. IP address: 18.210.22.132, on 15 Oct 2019 at 17:26:52, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0950268810003018

Yersinia enterocolitica on pig farms

1921

Table 1. List of the variables detected by the questionnaire in the present study
Category

Subcategory

1. General management

Production type

Animal ﬂow strategies

Details
Use of substitute workers and employees
Amount of artiﬁcial light
Type of ventilation
Fattening-pig or farrow-to-ﬁnish production
Conventional or organic
Continuous production
All-in all-out system
Mixing groups
Origin and sales of pigs

2. Production capacity

Herd size
Group size
Unit size
Animal density

Number of sows, piglets and fattening pigs
Space per pig in each age group

3. Hygiene in the piggery

General hygiene

Washing the piggery
Disinfecting the piggery
Empty periods between groups
Slurry/dry manure
Snout contacts between pens

Manure removal
Contacts between pigs
4. Hygiene in the pen

Cleanliness of the pens
Proportion of wet, dirty pens
Manure moving between pens
Amount and source of bedding

5. Feed and drink

Origin of feed
Feeding type

6. Pest and pet animals

Access of pest and pet
animals to the piggery,
feed storage and
bedding storage

Birds, rodents, ﬂies, cats, dogs

7. General health

Diseases and medications

Abscesses, arthritis, tail-biting (infected tail),
mastitis-metritis-agalactia syndrome, diarrhoea in piglets
Use of antibiotics
Medication frequency
National level/none

Water source

Health classiﬁcation

come from a single farm or from several farms. Most
fattening-pig farms operate an all-in all-out system, at
least by unit. Most farrow-to-ﬁnish farms produce
all the piglets by themselves while some purchase
additional piglets. These farms typically have continuous production. Only those farms that supply
fattening pigs to slaughterhouses were included in this
study, with farms specializing in piglet production
excluded. In Finland, only organic farms allow pigs
access to outdoor areas.
The term ‘ animal health classiﬁcation’ relates to
the prevention of contagious diseases by restricting
the purchase and sales of animals, the origin of
feed and connections to other domestic animals and
pests.

Amount of own grain and commercial feed
Wet feed/dry feed
Fasting pigs before transport to the slaughterhouse
Municipal water/own well

Statistical analysis
A univariate statistical analysis with carriage and
shedding as outcomes was conducted with randomeﬀects logistic regression with farm as a clustering
factor. Variables with a P value <0.15 were considered for inclusion into the respective multivariate
random-eﬀects logistic regression model where the
outcome was carriage or faecal shedding of Y. enterocolitica in individual pigs. A pig being a carrier was
determined by a pig having any positive sample. Both
models were built by forward stepwise approach and
a likelihood ratio test (LRT) with Pf0.05 was used
as an inclusion criterion. Each term was assessed
for interaction. The reliability of the model estimates
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Table 2. Results from the univariate analysis for carriage of Yersinia enterocolitica in pigs adjusted for farm
clustering by random-eﬀects logistic regression
Cluster-speciﬁc
OR (95 % CI)

Variable
Organic production type
Deep bedding
Presence of a cat in piggery
Peat bedding
Use of municipal water
Use of an automatic feeder
Feed from company A
Number of pigs on a farm
Artiﬁcial light (h/day)
Fasting pigs before slaughter
Dry faeces in the pens
Daily/weekly use of antibiotics
Arthritis
Same pen during fattening
Tail-biting
Industrial by-products in feed
Health classiﬁcation
Use of tetracycline
Feed from company B

0.03 (0.004–0.24)
0.08 (0.01–0.59)
0.09 (0.018–0.40)
0.10 (0.02–0.52)
0.17 (0.005–0.59)
0.22 (0.07–0.72)
0.34 (0.10–1.12)
1.001 (1.0–1.002)
1.11 (0.98–1.27)
2.65 (0.85–8.28)
3.47 (0.96–12.49)
3.73 (1.10–12.57)
3.83 (0.70–20.91)
3.88 (1.22–12.32)
4.48 (1.02–19.50)
4.52 (0.93–21.90)
5.29 (1.41–19.77)
8.89 (1.38–57.48)
13.19 (0.51–344.16)

P value*

No. farms
positive/total

No. pigs
positive/total

0.001
0.013
0.002
0.006
0.005
0.013
0.077
0.114
0.103
0.094
0.057
0.034
0.121
0.022
0.046
0.061
0.013
0.022
0.12

5/94
7/92
12/85
13/88
49/94
25/92
53/94
x/92
x/87
56/93
68/90
61/92
76/88
56/91
72/88
21/94
77/86
17/92
5/94

124/637
105/633
187/587
138/583
417/637
248/612
341/637
x/610
x/549
335/633
397/567
357/607
489/591
307/632
408/591
77/637
504/593
94/599
34/637

OR, Odds ratio ; CI, conﬁdence interval.
* P value from Wald test.

was assessed by comparing relative diﬀerences in the
parameter estimates obtained by using diﬀerent
quadrature points, and by graphical exploration of
deviance residuals and ﬁtted probabilities. Clusterspeciﬁc odds ratios from each ﬁnal model are presented. Stata 9 software (StataCorp LP, USA) and
SPSS v. 15.0 (SPSS Inc., USA) were used for all statistical analyses.
R ES U L T S
The questionnaire was returned by 94 farms (78 %).
Of these, 55 were fattening-pig farms and 39 were
farrow-to-ﬁnish farms. Some variation in the response rates in farms with diﬀerent carriage prevalence
was detected but the diﬀerences were not statistically
signiﬁcant. Of the 637 pigs included in this study,
318 (49.9 %) were positive for pathogenic Y. enterocolitica. The tonsillar prevalence was 47.1 % and faecal prevalence was 15.4 %. Most of the pigs that were
positive for Y. enterocolitica in faecal samples were
also positive in tonsils. Eighteen pigs had positive
faecal samples while their tonsillar samples were
negative. Only seven (5.8 %) of the farms in our
study had all samples testing negative for pathogenic
Y. enterocolitica.

The outputs of the univariate analysis for the factors associated with the carriage and shedding of Y.
enterocolitica in this study are listed in Tables 2 and 3,
respectively. Pigs from farms that practised organic
production, used municipal water and purchased feed
from a certain feed manufacturer, referred as company A, were less likely to be carriers of Y. enterocolitica (P<0.05) (Table 4). The protective eﬀect
of feed from company A was detected in farrowto-ﬁnish farms rather than fattening-pig farms. Pigs
from farms that used industrial by-products in feed,
antibiotics every week and had a higher amount of
artiﬁcial light in a piggery were more likely to be infected with Y. enterocolitica (P<0.05) (Table 4). The
presence of pathogenic Y. enterocolitica in tonsils,
buying feed from a particular feed manufacturer
(company B), a higher level of animal health classiﬁcation, the level of snout contacts between pigs and
the use of tetracycline medication were found to
have an association with increased faecal shedding
(Table 5). Pigs from farms that used municipal water
were less likely to shed Y. enterocolitica in faeces
(P<0.01). Herd size, the distance of the farm to the
abattoir and the proportion of own grain and commercial feed in diet were not associated with either the
carriage or shedding prevalence of Y. enterocolitica.
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Table 3. Results from the univariate analysis for faecal shedding of Yersinia enterocolitica in pigs adjusted for
farm clustering and tonsillar carriage by random-eﬀects logistic regression
Variable
Organic production type
Use of amoxicillin
Presence of a cat in piggery
Use of municipal water
Deep bedding
Use of loading unit
Snout contacts between pens
Wet faeces in the pens
Fasting pigs before slaughter
Use of tetracycline
Health classiﬁcation
Feed from company B

Cluster-speciﬁc
OR (95 % CI)
0.03 (0.001–0.55)
0.04 (0.003–0.41)
0.10 (0.02–0.57)
0.17 (0.06–0.50)
0.19 (0.02–1.57)
2.54 (0.85–7.52)
2.98 (1.07–8.32)
3.07 (0.95–9.93)
3.79 (1.23–11.68)
5.04 (1.23–20.55)
5.17 (1.41–18.89)
24.86 (2.12–290.95)

P value*

No. farms
positive/total

No. pigs
positive/total

0.001
0.007
0.009
0.001
0.124
0.09
0.037
0.06
0.02
0.024
0.013
0.01

5/94
9/90
12/85
49/94
7/92
51/92
82/91
32/90
56/93
17/92
77/86
5/94

124/637
121/599
187/587
417/637
105/633
305/613
592/629
182/567
335/633
94/599
504/599
34/637

OR, Odds ratio ; CI, conﬁdence interval.
* P value from Wald test.

Table 4. Results from the ﬁnal random-eﬀects logistic regression model for a pig being a carrier (positive in any
sample) of pathogenic Yersinia enterocolitica. Farm is the grouping factor. This model uses data from 85 farms and
519 pigs (average number of pigs per farm 6.1 ; min 1, max 36)
Variable

Cluster-speciﬁc
OR

S.E.

Use of municipal water
Organic production type
Feed from company A
Artiﬁcial light (h/day)
Daily/weekly use of antibiotics
Industrial by-products in feed
Rho*

0.10
0.02
0.27
1.14
3.56
4.44
0.46

0.06
0.03
0.15
0.07
2.11
3.23
0.09

P value from
Wald test
<0.001
0.002
0.021
0.023
0.032
0.040

95 % CI
0.03–0.31
0.002–0.24
0.09–0.82
1.02–1.28
1.12–11.37
1.07–18.46
0.30–0.64

OR, Odds ratio ; CI, conﬁdence interval ; S.E., standard error.
* Rho=within-farm correlation.

The production system (farrow-to-ﬁnish vs. fattening-pig system) was not signiﬁcantly associated with
carriage or shedding prevalence of Y. enterocolitica.
The average number of farms supplying piglets to the
fattening farm was 9.7 (range 1–45, S.D.=11.9) but
had no eﬀect on either total carriage or faecal shedding prevalence. Hygiene practices, including washing
and disinfecting the piggery, shifting pigs from one
pen to another and mixing groups were also not associated with the carriage or shedding of Y. enterocolitica.
Both multivariate models proved to provide reliable estimates, as the relative diﬀerences between
the parameter estimates obtained by using diﬀerent
quadrature points remained very small. The deviance

residuals were approximately normally distributed.
The herd-level predicted probabilities with observed
probabilities were in line with each other in both
models (Fig. 1).
DISCUSSION
The sampling population is a representative sample of
the Finnish fattening-pig population including pigs
from both farrow-to-ﬁnish and fattening-pig production. However, since variation in response rates in
farms with diﬀerent within-farm prevalences existed,
some caution must be taken when extrapolating
the results to the wider population. We analysed the
eﬀect of a large number of variables compared to the
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Table 5. Results from the ﬁnal random-eﬀects logistic regression model for a pig shedding pathogenic
Yersinia enterocolitica in faeces. Farm is the grouping factor. This model uses data from 80 farms and 548 pigs
(average number of pigs per farm 6.8 ; min 1, max 36)
Variable

Cluster-speciﬁc
OR

S.E.

Tonsillar carriage
Municipal water
Feed from company B
Fasting pigs before slaughter
Health classiﬁcation
Use of amoxicillin
Snout contacts
Use of tetracycline
Rho*

3.09
0.25
16.79
3.95
2.83
0.13
2.48
2.91
0.35

1.33
0.13
18.82
2.25
1.41
0.14
1.22
1.88
0.11

P value from
Wald test

95 % CI

0.009
0.009
0.012
0.016
0.038
0.059
0.067
0.098

1.33–7.18
0.08–0.71
1.87–151.03
1.29–12.06
1.06–7.54
0.02–1.08
0.94–6.52
0.82–10.30
0.17–0.59

OR, Odds ratio ; CI, conﬁdence interval ; S.E., standard error.
* Rho=within-farm correlation.

Predicted farm-level probability by multivariate shedding model

Predicted farm-level probability by multivariate carriage model
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Fig. 1. The ﬁt of the multivariate logistic regression models. The predicted probabilities of a pig being a carrier or a shedder of
Yersinia enterocolitica on each farm are plotted against the observed farm prevalences. Only farms with three or more
samples were included into the graph (n=70).

sample size, although the variables chosen for this
analysis were either previously suggested as risk factors, or known to aﬀect the transmission probability
of this pathogen. However, some variables may still
be signiﬁcant through chance alone and the stepwise
method for inclusion in the multivariate model may
exacerbate this problem. Due to the strong clustering
by farm, the eﬀective sample size required to detect
associated factors remained fairly small, hence there
may be additional factors that we did not ﬁnd to be
signiﬁcantly associated due to a lack of study power.

Pathogenic Y. enterocolitica is widespread in the
Finnish pig population. Only seven (5.8%) of the 120
farms in our study had samples that were all negative
for pathogenic Y. enterocolitica. In the statistical
analysis, we used a pig-level dichotomous positive or
negative instead of farm-level positive or negative
result, as has been performed in previous studies
[20, 23], taking the strong clustering by farm into account. We also analysed the carriage and faecal
shedding of the pathogen separately in order to clarify
the factors behind each of them. While the carriage
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of Y. enterocolitica can be related to the contamination of the carcases [16], we assumed that faecal
shedding is likely to spread the infection within the
piggery.
Tonsils are considered the most reliable tissue
for identiﬁcation of Y. enterocolitica from pigs [30].
Besides our study, faecally positive samples alone
have been observed in other studies [22]. We assumed
that faecal shedding without tonsillar carriage is a
true ﬁnding. Furthermore, the statistical model produced in our study found factors other than tonsillar
carriage that can explain faecal shedding. The
sampling in our study was performed at the slaughterhouse ; however, in order to avoid false results,
samples should ideally be collected at the farm level to
prevent pigs becoming contaminated during transport
and at the slaughterhouse [31]. Since Y. enterocolitica
infection originates from pig farms [18], we concluded
that the results obtained from the slaughterhouse
mainly represent the situation on farms. Samples may
still be contaminated at the slaughterhouse at the time
of collection.
Several protective factors against pathogenic
Y. enterocolitica were identiﬁed. Organic production
type was one of the most signiﬁcant protective factors
and has previously been associated with low withinfarm prevalence of Y. enterocolitica [18, 22]. Based on
our ﬁndings, low prevalence of Y. enterocolitica in
organic farms is aﬀected by generous use of bedding,
limited use of antibiotics and lower animal density
rather than the production type itself. Organic production is thus likely to cause less stress for the animals. Stress in animals can be a risk for food safety
through various mechanisms [32]. Furthermore, organic pigs have lower daily weight gain compared to
conventional pigs and are therefore slaughtered at an
older age and thus may carry less Y. enterocolitica
in their tonsils and intestines at the time of slaughter
[14, 15]. In our study, the exact age of the fattening
pigs at slaughter was unknown.
For both carriage and shedding of Y. enterocolitica,
the use of municipal water was a signiﬁcant protective
factor. Y. enterocolitica is considered a possible
waterborne pathogen [33, 34] and has previously been
isolated from tap water in a piggery [21]. In total, 45
farms (48 %) in the present study lacked access to
municipal water and used instead untreated water
from their own wells or from a small local water
supply system. This is fairly common in sparsely populated areas in Finland. Water is likely to be a source of
Y. enterocolitica infection for pigs.

1925

Buying commercial feed from company A was
found to be a protective factor against Y. enterocolitica while buying feed from company B was a
clear risk factor. Commercial feed has previously been
associated with herds that have high contamination of
Y. enterocolitica [22]. This is the ﬁrst time that the
protective eﬀect of feed against Y. enterocolitica has
been documented. The protective eﬀect of feed from
company A was particularly evident when the feed
was used in farrow-to-ﬁnish production and thus fed
to piglets. The ingredients of this feed were checked
and were found to contain a prebiotic component
designed to prevent the colonization of the intestine
with other pathogenic bacteria belonging to the
family Enterobacteriaceae. Thus, the prevention of
pathogenic Y. enterocolitica seems to be possible
with a dietary supplement. In the present study, the
proportions of own grain and commercial feed had no
association with the occurrence of Y. enterocolitica
but the use of industrial by-products (whey or barley
starch) was found to be a risk factor for Y. enterocolitica. These products are typically used with
wet feeding. The use of industrial by-products in feed
was also associated with larger herd size and higher
daily weight gain of the pigs.
Hygienic barriers, built to prevent the spread of
infectious diseases, seem to fail in prevention of
Y. enterocolitica as previously observed [20]. In fact,
higher animal health classiﬁcation was a predisposing
factor for faecal shedding in our study. In contrast to a
previous ﬁnding [20], the presence of a cat on the farm
was associated with the lower carriage prevalence.
Washing and disinfecting the piggery was not associated with the carriage or shedding of Y. enterocolitica. Some farms reported disinfecting the
piggery without ﬁrst washing the organic material
that is likely to inactivate the disinfectant and therefore the beneﬁt of the procedure remains uncertain.
The prevalence of Y. enterocolitica has been signiﬁcantly lower in production systems with limited
number of piglet suppliers [20, 22]. In our study, the
number of farms from which the piglets were purchased was associated with neither carriage nor
shedding of Y. enterocolitica. In contrast to previous
ﬁnding [24], no association was found between pig
movement between pens and the carriage or shedding
of Y. enterocolitica in the present study. Indeed, carriage prevalence was higher on those farms where pigs
were held in the same pen during the whole fattening
period. Instead, the hours per day with lights on,
which we used as a proxy measure of pig activity, and
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the possibility for direct snout contacts between pens
were associated with higher shedding prevalence.
Activity time and contacts may inﬂuence the risk of
direct disease transmission between pigs. Whereas the
duration of light exposure aﬀected the overall positivity, snout contacts were a risk factor for faecal
shedding. The possibility for snout contacts between
pens was classiﬁed by enquiring whether there were
solid or open walls between pens that allowed pigs to
have nose-to-nose contact with each other.
The daily and weekly use of antibiotics was related
to higher carriage prevalence of Y. enterocolitica
but was also associated with larger herd size and thus
higher predisposition to diseases. According to the
data in our study, the most widely used antibiotic
in Finnish pig farms is penicillin. Y. enterocolitica
produces b-lactamase enzyme and is therefore typically resistant to b-lactamase antibiotics, although
variation exists between diﬀerent serotypes [3, 17].
Frequent use of penicillin may therefore provide
an environment that allows rapid reproduction of
the pathogen. Y. enterocolitica is susceptible to
most other antibiotics including trimethoprim/
sulfamethoxazole, amoxicillin/clavulanic acid, gentamicin and ciproﬂoxacin [17, 35]. Resistance against
tetracycline has been documented in the USA [36, 37].
In Finland, 61 % of the strains tested were susceptible
to tetracycline (R. Laukkanen et al. unpublished observations) but no actual resistance has been detected.
The use of tetracycline was related to higher carriage
and shedding prevalence of Y. enterocolitica in our
study. This ﬁnding may be a reﬂection of the overall
lower health status of pigs on these farms, and therefore the need for tetracycline medication. The use of
amoxicillin was a protective factor. The susceptibility
of Y. enterocolitica to amoxicillin in Finland has not
been studied to our knowledge.
This study oﬀers a useful insight into the withinfarm transmission patterns of Y. enterocolitica. Water
may be an important source or means of transmission
of the infection. Feed distributors and feed quality
may also play a signiﬁcant role. Veterinary antibiotic
treatment practices were found to have an eﬀect on
the carriage and shedding of this zoonotic agent and
hygienic barriers currently in place appear ineﬀective
to deal with this pathogen. The present study has
also demonstrated that diﬀerences in management
practices can explain variation in the carriage and
shedding of Y. enterocolitica on diﬀerent pig farms.
These ﬁndings can be used in further research to study
the transmission dynamics of Y. enterocolitica.
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