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Abstract
Relatively little is known about the Campylobacter genotypes colonizing extensively reared
broiler flocks and their survival through the slaughter process, despite the increasing demand for
free-range and organic products by the consumer. Campylobacter isolates from a free-range boiler
flock, sampled before and after slaughter, were genotyped by MLST (multilocus sequence typing)
and sequence analysis of the flaA short variable region (SVR). The Campylobacter genotypes
isolated before and after slaughter were diverse, with up to five sequence types (STs) (seven-locus
allelic profiles resulting from MLST) identified per live bird, up to eight STs identified per carcass
and 31 STs identified in all. The majority (72.0%) of isolates sampled from carcasses post-
slaughter were indistinguishable from those isolated from the live flock before slaughter by ST
and flaA SVR type, however, sampling ‘on-farm’ failed to capture all of the diversity seen post-
slaughter. There were statistically significant increases in the genetic diversity of Campylobacter
(p=0.005) and the proportion of C. coli (p=0.002), with some evidence for differential survival of
genotypes contaminating the end product. C. coli genotypes isolated after slaughter were more
similar to those from free-range and organic meat products sampled nationally, than from the live
flock sampled previously. This study demonstrated the utility of MLST in detecting genetic
diversity before and after the slaughter process.

Keywords
Campylobacter; MLST; Chicken; Free-range; Slaughter

1. Introduction
Campylobacter is the most common bacterial cause of gastroenteritis worldwide, causing an
estimated 2.5 million cases a year in the United States, and representing a substantial
economic impact when taking into account lost work hours and health care costs (Allos,
2001; Roberts et al., 2003; Withington and Chambers, 1997). In industrialized countries
infection is typically self-limiting but occasionally patients develop severe secondary
conditions such as Guillain Barré Syndrome, or Miller-Fisher Syndrome (Allos, 1997). In a
UK study Campylobacter jejuni caused 93% of human disease with Campylobacter coli
accounting for most of the remainder (Gillespie et al., 2002).
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Campylobacter can be isolated from many environmental samples as well as from the
intestines of many animals (Frost, 2001). Contaminated chicken meat is a common source of
human infection, with the Campylobacter genotypes from both sources showing a high
degree of similarity (Baker et al., 2006; Colles et al., 2008; Wilson et al., 2008). The
automation of the slaughter process is thought to be a factor leading to cross-contamination
between flocks, including those that were negative for Campylobacter prior to slaughter
(Johnsen et al., 2006). Many Campylobacter genotypes appear to survive processing and
they can often be isolated from cloacal or faecal samples from live birds within the flock
before slaughter (Allen et al., 2007; Berndtson et al., 1996a; Herman et al., 2003; Klein et
al., 2007; Lienau et al., 2007; Lindmark et al., 2006). Cleaning and disinfection between
flocks appears to have limited effectiveness (Wedderkopp et al., 2001), with some
Campylobacter strains able to survive overnight (Peyrat et al., 2008). Potential sources of
contamination, which may be air or water borne, include flocks that are slaughtered
previously, machinery and transport crates (Allen et al., 2007; Miwa et al., 2003; Newell et
al., 2001; Posch et al., 2006; Rivoal et al., 1999; VanWorth et al., 2006).

Compared to intensively reared flocks, there have been relatively few studies on free-range
and organic chickens, which are becoming increasingly popular with the consumer as a
consequence of health and welfare considerations (Heuer et al., 2001). Typically, a large
proportion of flocks are colonized by multiple Campylobacter genotypes, presumably since
there are more opportunities for infection to occur (El-Shibiny et al., 2005). C. coli has been
frequently isolated from free-range and organic chickens as well as parent flocks (Colles et
al., 2008; El-Shibiny et al., 2005; Petersen et al., 2001) and may represent part of the mature
natural gut microbiota. In contrast to housed birds, free-range and organic flocks are raised
over a longer time period using a slower growing breed of bird and lower stocking density
than is used conventionally (Heuer et al., 2001).

Campylobacter isolates obtained from a free-range broiler flock before and after slaughter
were characterized using multilocus sequence typing (MLST) and nucleotide sequencing
typing of the flaA short variable region (SVR) in order to investigate the relative survival of
different Campylobacter genotypes through the slaughter process. Nucleotide sequence-
based typing provides results that are unambiguous, directly comparable with those from
other sources, and amenable to further statistical and genetic analyses (Allen et al., 2007;
Maiden, 2006). The data from the intensively sampled free-range flock on one farm were
compared with those from a national retail poultry meat survey to investigate the extent to
which Campylobacter genotypes may be potentially circulating within the industry. It is
essential to understand the population genetics of the organism at the various stages of food
preparation, from farm to fork, in order to design intervention strategies.

2. Materials and methods
2.1. Sampling of free-range broiler chickens before and after slaughter

A free-range flock of 2400 Hubbard crossbreed birds, occupying four houses and reared to
81 days of age, was sampled for Campylobacter before and after slaughter. Twenty-five live
chickens were sampled for Campylobacter in different areas of the four houses on day 80
(15.3.2005) using swabs of the anal area, which were then transported immediately to the
laboratory in charcoal transport media. The flock was transported 25 miles to a small
abattoir specializing in organic and local produce on the following day (16.3.2005), and 25
chicken carcasses from the same flock were sampled immediately after slaughter for
Campylobacter. The flock that was tested was the first to be slaughtered in the abattoir that
day, with standard meat hygiene service regulations followed for disinfection between
flocks, and at the end of the previous day. At the time of the study, the abattoir processed
flocks from only four closely regulated farms located in three different counties.
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2.2. Bacterial culture and identification
The anal swabs were cultured directly onto Campylobacter selective blood free agar
(mCCDA) plates (PO0119A, Oxoid Ltd., Basingstoke, UK) and incubated at 42 °C for 48 h
in a microaerobic atmosphere generated using the GenBox microaer system (96126 and
96128, bioMérieux UK Ltd., Basingstoke, UK). The chicken carcasses were placed whole
into large plastic bags, to which 200 ml of Maximum Recovery Diluent (CM0733, Oxoid
Ltd., Basingstoke, UK) was added. The carcasses were massaged for 1 min, after which 100
μl of the diluent was spread onto mCCDA plates and incubated at 42 °C for 48 h in a
microaerobic atmosphere. Presumptive Campylobacter colonies were identified by their
typical appearance, gram negative curved rod morphology, and positive catalase and oxidase
reactions. Up to ten colonies were sub-cultured from the mCCDA plates from all of the
samples, onto Columbia blood agar (PB0122A, Oxoid Ltd., Basingstoke, UK) and incubated
at 42 °C for a further 48 h in microaerobic conditions. Chromosomal DNA was extracted by
preparing a thick cell suspension in Phosphate Buffered Saline which was boiled at 100 °C
for 10 min on a heat block. The supernatant was retained after the boiled suspension was
centrifuged at 13,200 rpm for 5 min.

2.3. Nucleotide sequence typing
The published protocol and reaction conditions for MLST were used to sequence portions of
seven housekeeping genes (aspA, aspartase A, glnA, glutamine synthetase, gltA, citrate
synthase, glyA, serine hydroxymethyl-transferase, pgm, phosphoglucomutase, tkt,
transketolase and uncA, ATP synthase α subunit), although the nucleotide extension
reactions were modified to 1/32 size reactions and a combination of published primers were
used (Dingle et al., 2001; Miller et al., 2005). In addition the flaA SVR was sequenced using
primers and reaction conditions described previously (Dingle et al., 2002; Meinersmann et
al., 1997). The nucleotide extension reaction products were detected on an ABI Prism 3730
automated DNA analyzer and assembled using methods described previously (Dingle et al.,
2001). Allele numbers, STs, clonal complexes and flaA SVR alleles were assigned using the
Campylobacter MLST database (http://pubmlst.org/campylobacter/).

2.4. Analysis of genetic differentiation
Nucleotide sequence data from 734 C. jejuni isolates (185 STs) to 250 C. coli (77 STs)
isolates from nationally surveyed retail chicken meat, both fresh and frozen, in the UK in
2001 and 2004/2005 were compared with data from this study (Food Standards Agency,
2003; Meldrum et al., 2006). A further 19 isolates (14 STs) from the study that contained a
mixture of alleles from both C. jejuni and C. coli were discounted from the analyses. The
sample set comprised isolates from housed flocks (708 C. jejuni isolates, 180 STs and 221
C. coli isolates, 72 STs) and free-range and organic flocks (26 C. jejuni isolates, 18 STs and
29 C. coli isolates, 21 STs). The pairwise Fisher statistic (FST) used to measure genetic
differentiation, and the associated test of significance calculations, were performed using
Arlequin software, version 3.0 (Schneider et al., 2000; Wright, 1951). Data input files were
prepared from concatenated sequence from the seven housekeeping loci using DnaSP
software, version 4.50 (Rozas et al., 2003). A value of 0 indicates that two populations are
indistinguishable, whilst a value of 1 indicates maximum genetic differentiation between
two populations. The prediction of host origin analyses was performed using Structure
software, with data input as allelic profiles (Falush et al., 2003; McCarthy et al., 2007;
Pritchard et al., 2000). The population origin was given for the live chicken and national
retail poultry meat profiles forming the training sets, but not for the processed chicken
profiles. The no-admixture model with lambda=1 and independent allele frequency
parameters were used, with 1000 burn-in cycles and 10,000 further replications for each
analysis and the number of populations was assumed to be two.

Colles et al. Page 3

Int J Food Microbiol. Author manuscript; available in PMC 2014 April 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

http://pubmlst.org/campylobacter/


2.5. Analysis of genetic diversity
A modified version of Simpson’s diversity index, together with confidence intervals, was
used to compare the diversity of STs taking into account their frequency, within the
Campylobacter populations isolated from the chickens before and after slaughter
(Grundmann et al., 2001; Hunter, 1990). A D value of 1 indicates that each member of a
population can be distinguished from every other and a D value of 0 indicates that all
members of a population are identical. The unpaired Student’s t test was used to compare
the number and diversity of STs isolated from individual chickens before and after
slaughter. The Fisher’s exact test was used to test the distribution of STs before and after
slaughter where an observation was less than five, and the Chi-squared test was used to test
the distribution of C. coli before and after slaughter where all observations were greater than
five. The Student’s t test, Fisher’s exact tests and Chi-squared analysis were performed
using Stata (StataCorp LP, Texas, U.S.).

3. Results
3.1. Prevalance of Campylobacter

A total of 222 Campylobacter isolates were obtained from 24 of the 25 live birds sampled.
Of these 179 (80.6%) were C. jejuni and 43 were (19.4%) C. coli.

Campylobacter was isolated from each of the 25 chicken carcasses sampled after slaughter,
giving a total of 250 Campylobacter isolates. Of these 155 (62.0%) were C. jejuni, 93
(37.2%) were C. coli and two isolates (0.8%) contained alleles from both species and were
omitted from further analysis.

3.2. Genetic diversity of Campylobacter
A total of 31 STs, of which 13 were C. jejuni and 18 were C. coli were identified amongst
the 472 isolates from the live and processed chickens (Table 1). Nineteen STs belonged to
one of eight C. jejuni and two C. coli clonal complexes, leaving 12 STs that could not be
assigned to a clonal complex. The STs most commonly isolated from the live chickens were
ST-1489 accounting for 64/222 (28.8%) isolates and ST-51 accounting for 40/222 (18.0%)
isolates. These STs were also the most commonly isolated from the processed chickens, with
ST-51 accounting for 42/250 (16.8%) isolates and ST-1489 accounting for 40/250 (16.0%)
isolates.

Between one and five STs were detected from individual live chickens, giving an average of
3.1 STs per chicken. Between two and eight STs were identified from individual chicken
carcasses, giving an average of 4.8 STs per processed chicken. The difference was
significant, t=−4.72, 46 d.f. p=<0.00001.

Most STs, accounting for 151/222, 68.0% isolates from the live chickens and 177/250,
70.8% isolates from the carcasses were uniform with respect to flaA SVR. There were
exceptions however, with five STs (1495, 825, 573, 829 and 1491) that were associated with
up to three different flaA SVR types. In addition a particular flaA SVR type was often shared
by more than one ST.

3.3. Campylobacter genotypes before and after slaughter
A total of 19 STs, ten C. jejuni and nine C. coli were isolated from the live chickens, and 25
STs, ten C. jejuni and 15 C. coli were isolated from the processed chickens (Table 1 and Fig.
1). The live and processed chickens had 13 STs in common, seven C. jejuni and six C. coli,
accounting for 184/222 (82.8%) isolates in live chickens and 195/250 (78.0%) isolates in
processed chickens. Of these, eight STs were associated with the same flaA SVR allele
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before and after slaughter, two STs were associated with different flaA SVR alleles before
and after slaughter and three STs were associated with mixed flaA SVR alleles before and
after slaughter. Using a combination of ST and flaA SVR type to give higher resolution,
175/222 (78.8%) of isolates from the live chickens were indistinguishable from 180/250
(72.0%) of isolates after slaughter.

Six STs, three C. jejuni (257, 1496 and 1532) and three C. coli (1497,1498 and 4239),
accounting for 38/222 (17.1%) isolates, were detected in live chickens but not in processed
chickens. Twelve STs, three C. jejuni and nine C. coli, accounting for 53/250 (21.2%)
isolates, were isolated from the processed chickens but not from the live chickens. Using
FST as a measure, the C. jejuni isolates sampled before and after slaughter were 7.2%
differentiated and the C. coli isolates 32.7% differentiated, both values were significant
(p<0.000001) (Table 2). The diversity of Campylobacter genotypes calculated using
Simpson’s Index of Diversity showed a small but significant increase after slaughter from
D=0.84 (CI 0.83–0.86) to D=0.89 (CI 0.89–0.90) when the populations were considered as a
whole, and a significant increase from an average of D=0.50 to D=0.69, t=−2.9 p=0.005
when the populations colonizing birds individually were considered.

The proportion of C. coli increased significantly after slaughter, χ2=24.68, p<0.0001. The
distribution of ten STs (five C. jejuni and five C. coli) differed significantly with p values
<0.005 before and after slaughter using Fisher’s Exact test when the overall frequency was
considered. Of these, only ST-1496 showed a significant difference (p=0.002) in the number
of birds colonized before slaughter (nine) and the number of carcasses contaminated after
slaughter (zero), although the statistical power for the other STs was low. Survival of the
Campylobacter genotypes through to the slaughtering process was not limited to only
central genotypes, with many single, double and triple locus variants, particularly from the
large C. coli ST-828 complex, being isolated from the chicken carcasses.

3.4. Genetic differentiation of Campylobacter isolates from national samples of retail
chicken meat

The FST values derived from concatenated nucleotide sequence data, together with the
number of shared STs, indicated that the C. jejuni isolates from the processed chickens were
more similar to those from the live flock than from the retail poultry meat survey (Table 2).
In addition the C. jejuni isolates from both the live and processed chickens better matched
those from housed birds rather than other free-range and organic birds. Structure analysis
using allelic profile data for C. jejuni and predefined data sets from the live flock and retail
poultry meat predicted that isolates from the processed birds shared ancestry with those from
the live flock with a probability of 0.735 (Fig. 2).

The C. coli isolates from the processed chickens were more similar to those isolated from
free-range and organic birds in the retail poultry meat survey than from the live flock
previously (Table 2). C. coli isolates from the live birds were highly differentiated from
those isolated from the poultry meat survey (0.486–0.667). Given the two populations of
live chickens and retail poultry meat, Structure analysis predicted a shared ancestry of C.
coli isolates from the processed chickens and retail poultry meat with a probability of 0.933
(Fig. 2).

4. Discussion
A high prevalence of Campylobacter was detected in the flock before and after slaughter, in
common with other studies of free-range and organic chickens (Heuer et al., 2001; Van
Overbeke et al., 2006; Wittwer et al., 2005). The Campylobacter genotypes identified by
MLST were diverse, with 19 STs isolated from the flock before slaughter and 25 STs after
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slaughter. Between one and five STs were isolated from a single live bird and between two
and eight STs were isolated from a single carcass. Some studies report limited co-
colonization of up to three strains amongst housed flocks (Bull et al., 2006; Lindmark et al.,
2006; Newell and Fearnley, 2003; Petersen et al., 2001) and it may be that the greater
number of STs seen here are typical of free-range and organically raised birds (El-Shibiny et
al., 2005). The results emphasize the need to take sufficiently large numbers of samples to
determine the full extent of diversity within a flock.

In this study, 72.0% of the Campylobacter isolates from the carcasses were indistinguishable
from 78.8% of those isolated from the live flock before slaughter by ST and flaA SVR type.
Evidence from FST, Student’s t tests and the fact that ST-1489 and ST-51 were the most
common before and after slaughter support the findings from previous studies that the
source of the majority of Campylobacter genotypes contaminating the flock through the
slaughter process is likely to be the live flock (Allen et al., 2007; Berndtson et al., 1996b;
Herman et al., 2003; Klein et al., 2007; Lienau et al., 2007; Rosenquist et al., 2003). The C.
jejuni populations being 92.8% similar before and after slaughter by FST were more stable
than the C. coli populations that were 67.3% similar before and after slaughter.

There was some differential survival of STs through the slaughter process, as noted in
previous studies, with 5/19, 26.3% of STs from the live chickens showing a significant drop
in overall frequency post-slaughter (Johnsen et al., 2006; Newell et al., 2001). In particular,
ST-1496 was common amongst the live birds sampled before slaughter, and indeed was
frequently isolated from other live flocks on the same farm, but was not recovered after
slaughter. ST-607, present also in retail poultry meat, has been isolated from human disease
cases in different continents on the Campylobacter MLST database (http://pubmlst.org/
campylobacter/) implying relative success in reaching the human consumer, but in this study
it decreased significantly in frequency post-slaughter. The prevalence of five STs (two C.
jejuni and three C. coli), however, significantly increased after slaughter, with three, STs
573, 855 and 1090 being common amongst the national retail poultry meat survey also. The
reasons for the differences are not clear. It is possible that the carcass rinse samples taken
post-slaughter diluted the frequency of some STs, and that the birds chosen after slaughter
were colonized with different genotypes when they were alive compared to those selected
before slaughter. Even with these caveats, it remains that the carcasses were not
contaminated by Campylobacter genotypes equally after slaughter, and the frequencies of
some STs were unaffected by sampling. The abattoir in this study specialized in organic and
free-range poultry which could have lead to an increased prevalence and contamination by
associated genotypes, particularly C. coli. The distribution of C. jejuni and C. coli was found
to vary amongst processing plants in a previous study (Logue et al., 2003), although others
using strain identification by PCR based methods report no differences (Miraglia et al.,
2007; Wittwer et al., 2005).

There was evidence that the slaughter process increased the diversity of the Campylobacter
genotypes isolated from the flock and, in particular, from the individual carcasses compared
to the live birds. The results demonstrate that the full diversity of Campylobacter genotypes
at slaughter was not captured with the on-farm sampling which could have implications for
future studies. The aerosols and intestinal leakage created during processing provides the
ideal environment for mixing and dissemination of all genotypes that were present in the
live flock (Jozwiak et al., 2006; Miwa et al., 2003; Rivoal et al., 1999; Rosenquist et al.,
2003). Other possible sources of contamination include flocks from the previous day, or
transport crates (Allen et al., 2007; Bull et al., 2006; Peyrat et al., 2008; VanWorth et al.,
2006; Wedderkopp et al., 2001). Nearly half the STs (12/25, 48.0%), accounting for just
over a fifth of the isolates (53/250, 21.2%) isolated from the carcasses in this study had not
been detected in the live flock prior to slaughter. In particular, the incidence of C. coli
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increased significantly from 43/222, 19.4% of isolates before slaughter, to 93/250, 37.2%
isolates post-slaughter. Nine new C. coli STs were identified after processing although the
incidence of many was low and they may not have been detectable in the live flock.

Comparison with isolates from a national survey of poultry meat using FST values calculated
from concatenated nucleotide sequence demonstrated 79.9% similarity between C. jejuni
isolates from the processed free-range flock and nationally sampled retail meat. Using allelic
profile data from the live flock and the national retail meat survey as training sets, analysis
using Structure predicted that 26.5% of STs isolated from the processed chickens were more
similar to those isolated on a national scale than from the live flock beforehand. These
results were surprising given the different sampling frames in relation to time, location and
the number of flocks tested, and suggest that a small subset of Campylobacter genotypes, for
example ST-51, ST-573, ST-607 and ST-814 in this study, are widely distributed within the
industry and are stable over time. Greater overlap was seen between isolates from the free-
range flock and meat from housed birds rather than extensively reared birds indicating that
some genotypes are successful in both systems, but this may also be a sampling effect since
housed birds form the majority of the market. Analyses using FST and Structure predicted
59.8–93.3% similarity between C. coli isolated from the processed chickens and the retail
meat, with greatest overlap amongst isolates from free-range flocks, but only 6.7-33.3%
similarity between isolates from the live flock and retail meat. The different results for C.
jejuni and C. coli reflect the significant increase in prevalence of C. coli post-slaughter, and
also the fact that nine of the C. coli STs isolated from the free-range flock are unique to the
study at the present time and could be farm or abattoir specific genotypes. There could also
be a sampling effect with the majority of retail poultry meat isolates coming from housed
flocks.

In conclusion, this study demonstrates the utility of high resolution, high throughput
genotyping in the analysis of Campylobacter colonizing a chicken flock before and after
slaughter. These data provide considerable information not available from other typing
systems or from culture alone, and support the idea that the chicken production industry
forms an agricultural niche for particular Campylobacter genotypes that have national
distribution and are stable over a number of years.
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Fig. 1. The proportion of 25 live chickens colonized before slaughter and 25 carcasses
contaminated after slaughter by Campylobacter STs.
Key: *C. coli.
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Fig. 2. The predicted ancestry of Campylobacter isolated from the free-range flock after
slaughter, given the populations isolated from the live flock before slaughter (white) and from a
national survey of retail poultry meat (black).
The analysis was performed using Structure and allelic profile data.
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Table 1
The Campylobacter genotypes isolated from free-range chickens within the flock before
and after slaughter

Clonal complex ST Live chickens Processed chickens

Frequency
(%)

No. chickens colonized flaA SVR allele-peptide Frequency
(%)

No. carcases contaminated flaA SVR allele-
peptide

257 257 1(0.5) 1 16-12 0 0 -

354
1489

a 64 (28.8) 16 222-33 40 (16.0) 15 222-33

443 51 40 (l8.0) 11 21-2 42 (16.8) 12 21-2

433 433 0 0 - 1 (0.4) 1 49-1

460 606 0 0 - 2 (0.8) 2 34-1

573
573

b 5 (2.3) 2 314-8(4), 66-1(1) 27 (10.8) 12 314-8(26), 222-33(1)

607
607

a 23 (10.4) 5 14-11 2 (0.8) 2 14-11

661 814 1 (0.5) 1 191-33 2 (0.8) 1 191-33

1496
a 27 (12.2) 9 191-33 0 0 -

828
c

825
c 4 (1.8) 1 30-11 6 (2.4) 5 30-11(2), 16-12(3)

829
c 3 (1.4) 2 18-20 1 (0.4) 1 293-8

855
bc 0 0 - 23 (9.2) 11 314-8

867
c 0 0 - 1 (0.4) 1 17-11

1084
c 0 0 - 1 (0.4) 1 66-1

1089
c 1 (0.5) 0 415-1 5 (2.4) 2 415-1

1497
c 1 (0.5) 1 18-20 0 0 -

1498
ac 7 (3.2) 1 467-1 0 0 -

1541
c 0 0 - 1 (0.4) 1 295-8

1150
c 1487ac 19 (8.6) 8 351-111 3 (1.2) 2 351-111

Unassigned
1090

bc 5 (2.3) 4 66-1 35 (14.0) 11 66-1

1488
bc 0 0 - 13 (5.2) 5 66-1

1490
c 0 0 - 2 (0.8) 2 17-11

1491 0 0 - 3 (1.2) 3 314-8(2), 66-1(1)

1492
b 4 (1.8) 1 117-8 23 (9.2) 15 117-8

1493
c 0 0 - 2 (0.8) 2 316-1

1494
c 0 0 - 2 (0.8) 2 415-1

1495 14 (6.3) 5 117-8(11), 222-33(2) 8 (3.2) 7 117-8(7), 100-33(1)

1499
c 0 0 - 2 (0.8) 2 17-11

1531
c 1 (0.5) 1 466-1 1 (0.4) 1 17-11

1532 1 (0.5) 1 21-2 0 0 -

4239
c 1 (0.5) 1 17-11 0 0 -
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Key:

a
Significant decrease, and

b
significant increase in frequency following slaughter,

c
C. coli.
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Table 2
Measure of genetic differentiation (FST) amongst Campylobacter isolated from the live
and processed chickens and a national survey of retail poultry meat, using concatenated
sequence.

All values were significant with a p value <0.000001.

Campylobacter species Host source Fst (number of STs in common)

Live chickens Processed chickens

C. jejuni Processed chickens 0.072 (7) –

National retail poultry meat: 0.160 (5) 0.200 (4)

housed

    : free-range/organic 0.275 (3) 0.338 (2)

    : combined 0.161 (5) 0.201 (4)

C. coli Processed chickens 0.327 (5) –

National retail poultry meat: 0.656 (3) 0.402 (8)

housed

    : free-range/organic 0.486 (3) 0.288 (5)

    : combined 0.667 (3) 0.411 (8)
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