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ARTICLE INFO ABSTRACT

Sows have been identified as a source of Campylobacter contamination in piglets. We
carried out a one-year study, in 2008, at 53 farrow-to-finish farms in Brittany, France, to
determine the proportion of sows excreting Campylobacter. We also determined the
genotypes of the Campylobacter isolates. Moreover, Generalized Estimating Equations
including repeated effects were used to assess the association between management
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Keywords: practices and farm characteristics, and risk of Campylobacter shedding by sows. Per farm,
gampy"’b““er 10 feces samples from sows were collected from selected sites (maternity, service area,
OWS

Fattening pig gestation area) on the farms. Campj_/lobacter isolates were identified by PCR and typed by
Risk indicators PFGE. Campylobacter was detected in 25.1% of the 530 samples from sows, and 67% of the
PFGE 53 pig farms had at least one positive sample (of 10 taken). All the Campylobacter isolates
belonged to the Campylobacter coli species. They displayed a very high level of genetic
diversity, also inside farms and few genotypes were common to several farms. Warmer
months, large farms, and individual housing for sows were identified as risk indicators of
Campylobacter shedding by sows. A short delay between sampling and treatment of the
samples should be considered, to improve the detection of the bacterium in the feces

samples.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction in the USA identified the consumption of non poultry

meats, such as hamburgers, pork roasts and sausages, as a

Campylobacter sp. is one of the most frequent causes of
human enteritis in industrialized countries. The main
source of human Campylobacter jejuni and Campylobacter
coli infections, as highlighted by many epidemiological
studies, is the consumption of contaminated food -
particularly raw or insufficiently cooked poultry products
(Mazick et al., 2005; Moore et al., 2005). Pork meat has also
been implicated in human Campylobacter infection.
Human Campylobacter infections have been associated
with the consumption of sausages (Kapperud et al., 1992)
and pork paté (Gillespie et al., 2002). Friedman et al. (2004)
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high risk factor for sporadic Campylobacter infections. The
incidence of human cases of Campylobacter infection
attributable to the consumption of pork meat was recently
estimated at 2.17 cases per 100,000 inhabitants per year in
Europe (Fosse et al., 2008), just after Salmonella (3.37) and
Yersinia (2.82). Pigs are a natural reservoir of Campylo-
bacter, with a prevalence of infection superior to 50% (Von
Altrock et al., 2006; Minvielle et al., 2007; Varela et al.,
2007), with C. coli the predominant species present. Only a
few epidemiological studies investigating the Campylo-
bacter infection status of pigs at farm level have been
carried out. Sows have been identified as a source of
Campylobacter contamination in piglets (Soultos and
Madden, 2007). Magras et al. (2004) isolated Campylobac-
ter from fecal samples from 79% of sows. The piglets
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Table 1
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Definition and distribution of explanatory variables at the holding level after variable analysis of Campylobacter shedding by sows (quantitative variable
were divided in categories) (530 samples from 53 farrow-to-finish farms in Brittany, France, 2008).

Definition of variables concerning the holding

% of samples per level

% of positive samples per level

Number of sows on the farm on the day of sampling
<130
130-190
>190
Number of fattening pigs on the farm on the day of sampling
<2500
2500-4000
>4000
Gilt replacement policy
More than 90% of gilts purchased
More than 10% of gilts came from the farm
Systematic antibiotic treatment of sows
No
Yes
Production stage at which antibiotics were administrated to sows
No antibiotic treatment
Gestation area
Maternity
At several stages

34.0
32.0
34.0

34.0
32.0
34.0

81.1
18.9

54.1
45.9

54.1
10.0
15.1
20.8

12.7
294
333

183
20.0
36.6

244
28.0

24.5
258

24.5
325
20.0
32.7

seemed to become contaminated early in their lives
(Young et al., 2000) and genetic typing showed that the
strains isolated from sows and their piglets had similar
profiles (Soultos and Madden, 2007).

The goals of this study were to see the proportion of
sows excreting Campylobacter in farrow-to-finish pig
farms, to identify farm-level risk indicators for Campy!lo-
bacter excretion by sows, and to analyze the species and
genotype diversity of the Campylobacter population found
on these farms.

2. Materials and methods
2.1. Samples

53 farrow-to-finish farms were sampled from January
to December 2008. These farms were selected among the
farrow-to-finish farms implied in the European baseline
study which occurred in 2008 (EFSA, 2009). They were all
from Brittany in France, because more than 54% of all
French pig herds are located in this French area (ITP, 2000).
Sampling was done by technicians of the veterinary
services.

A sample consisted of fresh feces collected from at least
10 sows located in one room. A total of ten samples of feces
was realized per farm. The rooms where feces were sampled
could be at different sites (maternity, service area, gestation
area) in the farm; each site had to be represented at least by
one sample in a farm. When this condition was checked (one
sample in maternity, one sample in service area and one
sample in gestation area), the 7 other samples were
randomly made on the 3 sites considered in this study.

The day on which the sample was taken was noted.

2.2. Data collection
General data relating to the farm and management of

pigs were recorded (total numbers of sows and of fattening
pigs, etc., Table 1). Data concerning pigs related to a sample

at the day of the sampling were collected (type of feed,
origin of feed, antibiotic treatment, age of the sows, etc.,
Table 2). The questionnaire used in this study was
extracted from the European baseline questionnaire. It
was completed at the pig farm by technicians of the
veterinary services with the farmer.

Campylobacter colonization is asymptomatic in pigs and
no routine bacteriological tests are carried out on farms.
Thus, the farmers participating in the study were unaware
of the Campylobacter infection status of their breeding pigs.
There was therefore no risk of a change in pig management
being introduced as a function of the infection status of the
farm.

2.3. Campylobacter sp. isolation and identification

2.3.1. Bacteriological analysis

The day of analysis was recorded so that we could
determine the time elapsed between the day of sampling
and the day of analysis of the samples for Campylobacter sp.
isolation.

The level of Campylobacter excretion by French pigs has
been reported to be high (Minvielle et al., 2007). We
therefore carried out only direct streaking tests from our
fecal samples. For each sample, 25 g of feces was diluted
1:10 in peptone-buffered water and 1 ml was streaked
directly on three Karmali plates. Plates were incubated at
37 °C in a microaerobic atmosphere (5% O,, 10% CO,, 85%
N,) for 48 h. We decided to use a temperature of 37 °C, as
opposed to 41.5 °C, for this test, because 37 °C is closer to
the body temperature of the pig and we also wanted to see
whether incubation at this temperature would result in
species other than the C. coli typically found in French pig.

Presence of colonies on Karmali plate with the
following characteristics (small curved bacilli and spiraling
“corkscrew” motility) was checked and isolates were then
sub-cultured on blood agar plates for 24 h at 37 °C for
Campylobacter confirmation as described in the ISO 10272
method and for species identification and typing.
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Table 2

Definition and distribution of explanatory variables at the sample level
after variable analysis of Campylobacter shedding by sows (quantitative
variable were divided in categories) (530 samples from 53 farrow-to-
finish farms, in Brittany, France, 2008).

Definition of variables for % of samples % of positive

the sample per level sample per
level

Season

Winter 35.8 14.7

Spring 20.8 30.0

Summer 22.6 333

Fall 20.8 29.1
Number of sows potentially sampled

10 59.1 24.9

More than 10 40.9 253
Sows in individual housing

No 15.8 11.9

Yes 84.2 27.9
Age of the animal sampled

At least one gilt among 53.2 26.2

the sampled sows

No gilt 46.8 23.8
Stage of sows at which samples taken

Gestation area 65.1 28.2

Maternity 204 22.2

Service area 14.5 18.8
Floor

Fully slatted floor 73.0 26.9

Partially slatted floor or 27.0 20.2

solid floor
Room managed according to an “all-in-all-out” system

No 723 25.8

Yes 27.7 23.1
Feed

Granules or pellets 13.2 25.7

Meal 39.6 224

Soup 47.2 27.2
Origin of feed

Commercial compounds 83.2 24.9

Home milled or mixed 16.8 25.8
Feed/water supplement (ex: organic acid)

No 72.8 22.0

Yes 27.2 333
Use of antibiotic in the last 3 months

No treatment 79.2 25.0

Yes in water or by injection 20.8 254
Time between sampling and bacteriological analysis

One day 47.2 30.8

Two days 32.1 18.2

More than 2 days 20.8 22.7

A few colonies from the bacterial culture were
suspended in 200 w1 of TE buffer (10 mmol1~' Tris-HCl,
1 mmol 1= EDTA, pH 7.6) for PCR analysis. The remaining
colonies were used for genotyping by pulsed-field gel
electrophoresis (PFGE), as indicated below.

2.3.2. PCR analysis

DNA extraction was done by blowing the cells out by
placing the samples at 95°C for 10min. After low
centrifugation (5000 g for 2 min), 10 .l of the supernatant
were diluted in 90 wl TE buffer.

Multiplex-PCR, as described by Wang et al. (2002), was
used to confirm the genus of the bacterial isolates and to
identify them to species level. This multiplex-PCR was
used in our study for identification of the following five
Campylobacter species: C. jejuni, C. coli, C. lari, C. fetus, and C.

upsaliensis. Five .1 of DNA were used for amplification. PCR
products were visualized by the electrophoresis of 10 .l
aliquots of each amplification product, for3hat 100V, in a
2% agarose gel stained with ethidium bromide.

2.3.3. Pulsed-field gel electrophoresis (PFGE) and analysis of
electrophoretic profiles

DNA preparation, restriction endonuclease digestion
and PFGE were carried out as described by the Campynet
protocol (Rivoal et al., 2005). Two profiles, corresponding
to the restriction profiles obtained with Smal and Kpnl,
were obtained for each isolate.

Electrophoretic patterns were compared using BioNu-
merics® (Applied Maths, Sint-Martens-Latem, Belgium).
Similarities between profiles, based on band positions,
were determined by calculating the Dice correlation
coefficient, with a maximum position tolerance of 1%. A
dendrogram based on the combined results for Kpni- and
Smal-digested DNA (KS) was constructed, to reflect the
similarities between the strains in the matrix. Strains were
clustered by the unweighted pair-group method using the
arithmetic mean (UPGMA) (Struelens, 1996).

The Simpson’s index (D) was determined as described
by Hunter (1990), and is given with a 95% confidence
interval, as described by Grundmann et al. (2001). This
index was used to assess the genetic diversity of the
Campylobacter populations:

1-1 & . .
D:m;m(n]—l)

N is the number of isolates tested; S is the number of
different genotypes; nj is the number of isolates belonging
to type j.

Isolates displaying high levels of similarity were
considered to originate from the same parental strain
and were clustered together using a threshold of 80%
(Denis et al., 2008).

2.4. Identification of risk indicators

2.4.1. Definition of the outcome variable

The epidemiological unit was the farm, whereas the
statistical unit was the sample, the farm being considered
as a repeated effect. Data from farm were individually
associated with the 10 samples from the same farm. The
outcome variable was thus dichotomous (positive versus
negative sample).

2.4.2. Definition of explanatory variables

The explanatory variables studied are listed in Tables 1
and 2.

In the first step, quantitative variables were trans-
formed into categorical variables. All variables were coded
categorically. The number of categories per variable was
limited so that each category had a frequency >10%.

In the second step, Generalized Estimating Equations
(Liang and Zeger, 1986) including repeated effects was
used to assess the relation between the Campylobacter
status of the sample to each explanatory variable. Only
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factors associated (p < 0.20) with the outcome variable
were selected.

Then, all bilateral relationships between variables were
checked (p <0.05). For bilateral relationships between
variables displaying strong structural collinearity, one of
the two variables of interest was chosen (the one we
believed easier to explain in relation to the outcome
variable).

2.4.3. Statistical procedure

Generalized Estimating Equations including repeated
effects were used, with a binomial probability distribution
and a logit link function. Each explanatory variable was
introduced in the model as a fixed effect. The farm number
was incorporated in the model as a repeated measurement
factor (ten times because 10 samples per farm) in order to
take into account the within-farm covariability. Moreover,
overdispersion was checked and all the statistics were
adjusted appropriately.

The overall significance of the link between each
explanatory variable and the outcome variable was
performed through Wald statistics for Type III GEE
analysis. Odds ratio estimation was calculated. General-
ized Estimating Equations were computed with the
GENMOD procedure of the SAS software (SAS, 2004).

3. Results
3.1. Campylobacter shedding

In this study, 530 feces samples were analyzed and 133
samples were tested positive for Campylobacter. The
multiplex-PCR described by Wang et al. (2002) identified
all isolates as C. coli isolates. No isolates of C. jejuni, C. lari, C.
fetus subsp fetus, or C. upsaliensis were identified.

Finally, 25.1% gs54c1 [20.8-29.3] of the 530 samples
from sows were tested positive for C. coli and at least one
of the ten samples taken was positive for C. coli in 37
farms among the 53 farms (70% gs%c; [56-83]). Low levels
of contamination were found within the positive farms,
with 71.7% of the farms for which a positive result was
obtained having no more than three positive samples. In
8 farms, only one sample was positive in Campylobacter.
The bacteria was detected in 18.8%, 28.2%, and 22.2% of
the fecal samples collected at the service area, the
gestation area and the maternity, respectively. Doing
sampling at these 3 sites allowed to have the real
situation of excretion of Campylobacter by the sows in
these farms.

3.2. Risk indicators

Four risk indicators were identified. Three of these
indicators were significantly associated with Campylobac-
ter shedding by sows and the remaining factor was
associated with the bacteriological analysis of the samples
(Table 3).

The sampling season of the farm was concerned. Fecal
samples collected in spring, summer and fall, were more
likely to be positive for Campylobacter than those collected
in winter.

Table 3
The final model for risk indicators for Campylobacter shedding by sows
(530 samples from 53 farrow-to-finish farms, in Brittany, France, 2008).

Variables OR 95% ClI
Season
Winter 1.0 -
Spring 2.5 1.6-4.1
Summer 23 1.6-3.2
Fall 1.9 1.5-2.4
Number of sows on the farm on the day of sampling
<130 1.0 -
130-190 2.7 1.8-4.0
>190 25 1.6-3.9
Sows in individual housing
No 1.0 -
Yes 2.6 1.6-4.3
Time between sampling and bacteriological analysis
One day 1.0 -
Two days 0.6 0.4-0.7
More than 2 days 0.7 0.5-0.9

One indicator was related to the size of the holding.
Farms with more than 130 sows and farms with more than
2500 fattening pigs had a greater risk of Campylobacter
excretion by sows than farms with fewer sows and
fattening pigs. Because number of sows was correlated
with number of fattening pigs in a farm, only results for
sows are presented in Table 3.

We also found that individually housed sows were 2.6
os%ci [1.6-4.3] times more likely to excrete Campylobacter
than sows kept in groups.

Finally, the time between sampling and the start of the
Campylobacter detection process also played an important
role. If this interval was longer than one day, the chance of
detecting Campylobacter in the samples was almost halved.

3.3. Genetic diversity

Typing by pulsed-field gel electrophoresis generated
119 Kpn1- and Smal-digested DNA profiles from the 133 C.
coli isolates (Fig. 1). Among the isolates, the genome of 12
isolates resisted to restriction by Kpnl and that of one
isolate resisted to restriction by Smal. These profiles were
coded ND for “not digested” (data not shown).

Simpson’s index was high, D=0.998 g5y [0.997-
1.000], consistent with a high degree of genetic diversity
in the Campylobacter population from pig.

In 10 cases, isolates shared the same genotype. In 7 of
these cases, the isolates with identical genotypes were
obtained from the same farm. In only 3 cases isolates with
identical genotypes came from different farms: isolates
08MDO0081, 08MDO0082 (farm no. 75) and isolate
08MDO0388 (farm no. 260), on the one hand, isolate
08MDO0437 (farm no. 272) and isolate 08MDO0452 (farm
no. 282), on the other, and finally, isolate 08MD0139 (farm
no. 120) and isolate 08MD0169 (farm no. 122).

With a cut-off value of 80%, 54.6% of the isolates were
grouped into 11 clusters (indicated by black spots on the
dendrograms). These clusters bring together isolates from
different farms not associated with a particular farm
characteristic or particular management practices.

Diversity of genotypes from sows inside a farm could be
high. The number of genotypes varied from one to eight. In
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Fig. 1. Dendrogram of the Sma1-Kpn1 profiles of Campylobacter coli from sows. No farm: code of the farm from where isolate was detected.
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Isolate

08MD0469
08MD0475
08MD0293
08MD0307
08MD0436
08MD0462
08MD0038
08MD0296
08MD0437
08MD0452
08MD0468
08MD0510
08MD0522
08MD0081
08MD0082
08MD0388
08MD0094
08MD0390
08MD0438
08MD0464
08MD0054
08MD0481
08MD0033
08MD0036
08MD0035
08MD0129
08MD0166
08MD0249
08MD0167
08MDO0165
08MD0083
08MD0342
08MD0071
08MD0366
08MD0367
08MD0368
08MD0369
08MD0176
08MD0182
08MD0499
08MD0301
08MD0433
08MD0524
08MD0525
08MD0093
08MD0476
08MD0086
08MD0095
08MD0183
08MD0184
08MD0032
08MD0005
08MD0177
08MD0181
08MD0289
08MD0138
08MD0265
08MD0269
08MD0303

no Farm Smal Kpnl

284 R
287 R
182R
185 R
272 R
284 R
44R
182 R
272 R
282 R
284 R
337R
341R
75R
75R
260 R
87R
260 R
272 R
284 R
57 R
287 R
44R
44R
44R
118 R
122R
178 R
122R
122R
75R
250 R
72R
255 R
255 R
255 R
255 R
123R
123R
335R
185R
272 R
341R
341R
87R
287 R
81R
87R
123R
123R
35R
3R
123R
123R
182 R
120 R
179R
179 R
185R

103
32
27
26
34
37
35
19
23
23
24
25
23
63
63
63
63
61
60
63
23
65
63
70
75
62
63
63
82
55
76
74
66
73
73
73
73
53
53
68
69
78
69
69
72
71
79
74
72
72
72
72
52
84
54
81
50
50
52

95
56
93
109
86
98
114
103
16
16
22
21
19
17
17
17
18
17
16
20
42
44
41
41
43
43
23
24
119

167
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Isolate  no Farm Smal Kpnl
08MD0492  321R 62 14

08MD0494 321 R 62 14
08MDO0136 120R 63 13
08MD0529 342 R 62 15
08MDO0131 118 R 24 118
08MD0489 321 R 82 12

08MD0267 179 R 83 94
08MDO0084 81R 80 45
08MDO0304 185 R 51 25
08MDO0308 185 R 77 25

08MD0111 100 R 58 27
08MDO0170 122 R 97 46
08MDO0018 8R 86 88
08MD0168 122R 18 37
08MDO0072 72R 96 85

—
o

08MDO0305 185 R 30 4
08MD0306 185R 31 26
08MD0294 182 R 28 5
08MD0502 335R 29 28

08MD0302 185 R 87 4
3 08MD0288 182R 33 68

08MD0037  44R 94 97
4‘_: 08MD0466  284R 94 65
1 08MD0295  182R 93 106

08MD00B0  64R 92 70
08MD0290  182R 89 60
08MD0291  182R 90 63
—1 08MD0521  341R 91 73
08MD0078  72R 67 115
08MD0006 3R 110 87
08MD0028  17R 114 105
08MD0065  66R 106 91
08MD0130  118R 88 99
1 08MD0508  337R 57 100
08MD0432  272R 102 72
08MD0434  272R 102 72
08MD0076  72R 64 112
| _,—{ 08MDO114  100R 39 113
08MDO0164  122R 40 57
08MD0107  100R 38 84
—1 08MD0264  179R 43 83
08MD0268  179R 121 92
— 08MD0500  335R 18 111
08MD0504  335R 20 77
08MD0412  271R 112 74
08MD0059  64R 21 54
08MDO0515  340R 22 61
08MD0179  123R 44 79
08MD0457  282R 15 81
08MD0053 57R 13 76
— 08MD0456  282R 16 80
08MD0034  44R 120 110
08MD0413  271R 1 107
: 08MD0414  271R 2 108
08MD0490  321R 7 48
08MD0266  179R 59 102
08MDO0514  340R 11 104
08MD0485  314R 8 64

08MD0491 321 R 9 62
08MD0055 57R 12 66

Fig. 1. (Continued).

1
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16 farms, only one or two genotypes were found. In 14
farms, 3-5 genotypes were identified, and in 7 farms more
than 6 genotypes.

4. Discussion

In our study, 25.1% of feces samples from sows were
positive for Campylobacter. C. coli was the only Campylo-
bacter species present. Our results are similar to those of
previous French studies (Payot et al., 2004; Magras et al.,
2004; Minvielle et al., 2007). Leblanc-Maridor et al. (2008)
showed that if pigs were orally inoculated simultaneously
with C. jejuni and C. coli. C. coli was the species with the
strongest colonizing capacity.

Sows in France are thus a reservoir of Campylobacter
and could be a source of contamination of the piglets.
Wehebrink et al. (2008) reported, for a farm in Germany,
that 33.8% of the sows and 64.7% of the fattening pigs
excreted Campylobacter. Finally, Campylobacter was
detected in 77% of the 1448 feces samples from sows
taken at American farms (Wright et al., 2008). In our study,
69.8% of the farrow-to-finish farms exhibited at least one
positive sample which is close to 52.9% as reported by
Oporto et al. (2007). However, 71.7% of our positive farms
had no more than three positive samples. This situation
may result from effective control through the use of
sanitary barriers within farms, limiting propagation of the
bacterium between different areas of the farm.

The C. coli isolates from our pig farms displayed a high
level of genetic diversity which is similar to other studies in
which PFGE was used for typing (Laroche et al., 2008; Denis
et al.,, 2009). Only in three cases isolates with the same
genotype came from two different farms. This high level of
diversity makes it difficult to identify a common origin of
contamination for pig farms affected by Campylobacter.
Our work highlighted for some farms several genotypes
indicating that numerous Campylobacter can circulate in
the pig buildings of a farm and suggesting several sources
of contamination. Soultos and Madden (2007) previously
reported that piglets were initially contaminated with
bacteria of the same genotype as those infecting their
mothers. These authors considered the sows to be a source
of piglet contamination. Magras et al. (2004) reached the
same conclusion following the isolation of C. coli from 79%
of fecal samples taken from sows on nine French farms.

An effect of season on the contamination of farms with
Campylobacter was observed, the results for winter being
significantly different from those of the other seasons. This
factor was identified as a risk factor by Réfregier-Petton
et al. (2001) and Huneau-Salaiin et al. (2007) in poultry
farms located in Brittany, France. The presence of a large
number of pig animals on the farm was identified as a risk
indicator for Campylobacter colonization. Similar findings
have been reported for poultry farms (Réfregier-Petton
etal., 2001) with several buildings. One of the assumptions
emitted is that it is more difficult to respect hygiene
practices and to be rigorous in the procedures of cleaning
and disinfection of the rooms in farms which contain a
great number of pigs.

The housing of sows in individual housing, rather than
in group housing, was also identified as a significant risk

indicator for Campylobacter contamination. One study
(Weijtens et al., 1999) showed that pigs excrete Campy-
lobacter intermittently. When sows are housed individu-
ally, this separation, together with the intermittent nature
of excretion, might prevent the spread of Campylobacter.
However, a recent study (Leblanc-Maridor et al., 2008)
showed that separating Campylobacter-free animals from
animals excreting Campylobacter intermittently did not
prevent the passage of the bacterium between these two
groups of animals. These findings provide support for the
fact that animals housed in individual stalls can excrete the
bacterium, but do not explain why individual housing is a
risk indicator for Campylobacter excretion. This variable is
perhaps related to a practice in the farms which was not
listed in our questionnaire or was significant by chance.

If there were at least two days between sampling and
sample analysis, the likelihood of a positive result was
found to be only half that for an interval of one day. The
transfer and maintenance of samples at room temperature
(corresponding to a stressful situation) may play on our
results. Indeed, Buswell et al. (1998) observed that the
survival of Campylobacter in water varied considerably,
from a few days at room temperature to weeks, or even
months, at 4 °C. The transfer and storage of samples at low
temperature should therefore be considered for studies of
this type.

This study provides recent valuable information on the
occurrence of Campylobacter in sows and first tentative
explanations of excretion of Campylobacter by sows in
farrow-to-finish farms. This study limited to 53 farms in
Brittany, France. A larger study would be required to
confirm these findings and to identify other risk indicators,
taking into account the transport conditions of the
samples.

Acknowledgements

Sampling and questionnaire were realized by techni-
cians from veterinary services and financed by the French
ministry for agriculture and fisheries (DGAL) and the
European Union. We thank Alex Edelman and associates
for checking the English version of this text.

References

Buswell, C.M., Herlihy, Y.M., Lawrence, L.M., McGuggan, J.M.T., Marsh,
P.D., Keevil, CW., Leach, S.A., 1998. Extended survival and persistence
of Campylobacter spp. in water and aquatic biofilms and their detec-
tion by immunofluorescent-antibody and -rRNA staining. Appl.
Environ. Microbiol. 64, 733-741.

Denis, M., Chidaine, B., Laisney, M.J., Kempf, 1., Rivoal, K., Mégraud, F.,
Fravalo, P., 2009. Comparison of genetic profiles of Campylobacter
strains isolated from poultry, pig and Campylobacter human infec-
tions in Brittany, France. Pathol. Biol. 57, 23-29.

Denis, M., Rose, V., Huneau-Salaiin, A., Balaine, L., Salvat, G., 2008.
Diversity of pulsed-field gel electrophoresis profiles of Campylobacter
jejuni and Campylobacter coli from broiler chickens in France. Poultry
Sci. 87, 1662-1671.

EFSA, 2009. Analysis of the baseline survey on the prevalence of Salmo-
nella in holdings with breeding pigs, in the EU, 2008. Part A: Salmo-
nella prevalence estimates. EFSA J. 157.

Fosse, J., Seegers, H., Magras, C., 2008. Foodborne zoonoses due to meat: a
quantitative approach for a comparative risk assessment applied to
pig slauthering in Europe. Vet. Res. 39, 01-16.

Friedman, C.R., Hoekstra, R.M., Samuel, M., Marcus, R., Bender, ]., Shiferaw,
B., Reddy, S., Ahuja, S.D., Helfrick, D.L., Hardnett, F., Carter, M.,



170 M. Denis et al./Veterinary Microbiology 154 (2011) 163-170

Anderson, B., Tauxe, R.V., 2004. Risk factors for sporadic Campylo-
bacter infection in the United States: a case-control study in FoodNet
sites. Clin. Infect. Dis. 13 (suppl. 3), 285-296.

Gillespie, I.A., O'Brien, SJ., Frost, J.A., Adak, G.K., Horby, P., Swan, A.V.,
Painter, M.J., Neal, K.R., 2002. A case-case comparison of Campylo-
bacter coli and Campylobacter jejuni infections: a case-control study in
Food-Net sites. Emerg. Infect. Dis. 8, 937-942.

Grundmann, H.S., Hori, S., Tanner, G., 2001. Determining confidence
intervals when measuring genetic diversity and the discriminatory
abilities of typing methods for microorganisms. J. Clin. Microbiol. 39,
4190-4192.

Huneau-Salaiin, A., Denis, M., Balaine, L., Salvat, G., 2007. Risk factors for
Campylobacter spp. colonization in French free-range broiler-chicken
flocks at the end of the indoor rearing period. Prev. Vet. Med. 80, 34-48.

Hunter, P., 1990. Reproductibility and indices of discriminatory power of
microbial typing methods. J. Clin. Microbiol. 28, 1903-1905.

Institut Technique du Porc (ITP), 2000. Le porc par les chiffres, ITP
Editions, Paris.

Kapperud, G., Skjerve, E., Bean, N.H., Ostroff, S.M., Lassen, M., 1992. Risk
factors for sporadic Campylobacter infections: results of a case-control
study in southeastern Norway. J. Clin. Microbiol. 30, 3117-3121.

Laroche, M., Desmonts, M.H., Lebigre, M., Rossero, A., Minvielle, B.,
Magras, C., 2008. Diversité génotypique de souches de Campylobacter
coli isolées sur des porcs en abattoirs: Premiers résultats. 12émes
Journées Sciences du muscle et Technologies des viandes, Tours.

Leblanc-Maridor, M., Denis, M., Lalande, F., Beaurepaire, B., Cariolet, R.,
Fravalo, P., Federighi, M., Seegers, H., Belloc, C., 2008. Experimental
infection of pathogen-free pigs with Campylobacter: excretion in
faeces and transmission to non-inoculated pigs. Vet. Microbiol.
131, 309-317.

Liang, K.-Y., Zeger, S.L., 1986. Longitudinal data analysis using generalized
linear models. Biometrika 73, 13-22.

Magras, C., Garrec, C., Laroche, M., Rossero, A., Mircovich, C., Desmonts,
M.H., Federighi, M., 2004. Sources of Campylobacter sp. contamina-
tion of piglets in farrowing units of forrow-to-finish farms: first
results. In: Proceedings of the congress of the International Society
for Animal Hygiene. 11-13 October 2004, Saint-Malo, France vol. 2,
pp. 409-410.

Mazick, A., Ethelberg, S., Moller Nielsen, E., Molback, K., Lisby, M., 2005. An
outbreak of Campylobacter jejuni associated with consumption of
chicken. Eur. Surveill. 11, 137-139.

Minvielle, B., Magras, C., Laroche, M., Desmonts, M.-H., Mircovich, C,,
2007. Campylobacter in the pork food chain: a quantitative hazard
analysis. In: Proceeding of 7th international symposium o the epi-
demiology and control of foodborne pathogens in pork, may 9-11,
Verona, Italy.

Moore, J.E., Corcoran, D., Dooley, ].S.G., Fanning, S., Lucey, B., Matsuda, M.,
MacDowell, D.A., Mégraud, C., Millar, C., O'Mahony, R., O'Riordan, L.,
O’Rourke, M., Rao, J.R., Rooney, P.J., Sails, A., Whyte, P., 2005. Campy-
lobacter. Vet. Res. 36, 351-382.

Oporto, B., Esteban, J.I.,, Aduriz, G., Juste, R.A., Hurtado, A., 2007. Prevalence
and strain diversity of thermophilic campylobacters in cattle, cheep
and swine farms. ]. Appl. Microbiol. 103, 977-984.

Payot, S., Dridi, S., Laroche, M., Federighi, M., Magras, C., 2004. Prevalence
and antimicrobial resistance of Campylobacter coli isolated from
fattening pigs in France. Vet. Microbiol. 101, 91-99.

Réfregier-Petton, ]., Rose, N., Denis, M., Salvat, G., 2001. Risk factors for
Campylobacter spp. contamination in French broiler-chicken flocks at
the end of the rearing period. Prev. Vet. Med. 50, 89-100.

Rivoal, K., Ragimbeau, C., Salvat, G., Colin, P., Ermel, G., 2005. Genomic
diversity of Campylobacter coli and Campylobacter jejuni isolates
recovered from free-range broiler farms and comparison with isolates
of various origins. Appl. Environ. Microbiol. 71, 6216-6227.

SAS, 2004. SAS OnLineDoc version 9.1, SAS Institute Inc., Cary, NC.
Wolfinger, R.D., 1997. An example of using mixed models and PROC
MIXED for longitudinal data. J. Biopharma. Stat., 7, 381-500.

Soultos, N., Madden, R.H., 2007. A genotyping investigation of the colo-
nization of piglets by Campylobacter coli in the first 10 weeks of life. J.
Appl. Microbiol. 102, 916-920.

Struelens, M.J., 1996. Members of the European Study group on Epide-
miological Markers (ESGEM), Consensus guidelines for appropriate
use and evaluation of microbial epidemiologic typing systems. Clin.
Microbiol. Infect. 2, 2-11.

Varela, N.P., Friendship, R.M., Dewey, C.E., 2007. Prevalence of Campylo-
bacter spp, isolated from grower-finisher pigs in Ontario. Can. Vet. J.
48, 515-517.

Von Altrock, A., Louis, AL, Rosler, U., Alter, T., Beyerbach, M., Kreien-
brocks, L., Waldmann, K.H., 2006. The bacteriological and serological
prevalence of Campylobacter spp. and Yersinia enterocolitica in fatten-
ing pig herds in Lower Saxony. Berl. Munch. Tierarztl. Wochenschr.
119, 391-399.

Wang, G., Clark, C.G., Taylor, T.M., Pucknell, C., Barton, C., Price, L.,
Woodward, D.L., Rodgers, F.G., 2002. Colony multiplex PCR assay
for identification and differentiation of Campylobacter jejuni, C. coli,
C. lari, C. upsaliensis, and C. fetus subsp. fetus. ]J. Clin. Microbiol. 40,
4744-4747.

Wehebrink, T., Kemper, N., Beilage, E., Krieter, ]., 2008. Prevalence of
Campylobacter spp. and Yersinia spp. in the pig production. Berl.
Miinch. Tierdrztl. Wochenschr. 121, 27-32.

Weijtens, M.]., Reinders, R.D., Urlings, H.A., Van der Plas, ]., 1999. Campy-
lobacter infections in fattening pigs; excretion pattern and genetic
diversity. J. Appl. Microbiol. 86, 63-70.

Wright, S.L., Carver, D.K, Siletzky, R.M., Romine, S., Morrow, W.E.M.,
Kathariou, S., 2008. Longitudinal study of prevalence of Campylobacter
jejuni and Campylobacter coli from turkeys and swine grown in close
proximity. Int. Associat. Food Protect. 71, 1791-1796.

Young, C.R., Harvey, R., Anderson, R., Nisbet, D., Stanker, L.H., 2000. Enteric
colonisation following natural exposure to Campylobacter in pigs. Res.
Vet. Sci. 68, 75-78.



	Campylobacter from sows in farrow-to-finish pig farms: Risk indicators and genetic diversity
	Introduction
	Materials and methods
	Samples
	Data collection
	Campylobacter sp. isolation and identification
	Bacteriological analysis
	PCR analysis
	Pulsed-field gel electrophoresis (PFGE) and analysis of electrophoretic profiles

	Identification of risk indicators
	Definition of the outcome variable
	Definition of explanatory variables
	Statistical procedure


	Results
	Campylobacter shedding
	Risk indicators
	Genetic diversity

	Discussion
	Acknowledgements
	References


