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Abstract

Despite the presence high levels of Arcobacter spp. on chicken carcasses, the source of arcobacter contamination in slaughterhouses still
remains unclear. It has been hypothesised in the literature that Arcobacter species that contaminate carcasses originate in in-plant slaughterhouses
and/or supply water. The present study aimed to determine the source of Arcobacter contamination in two poultry slaughterhouses in The
Netherlands. Carcasses and intestinal tracts from 3 hen flocks and 2 broiler flocks were collected. Water draining off carcasses during processing
in 2 slaughterhouses and supply water in one slaughterhouse were also taken. For one flock, cloacal swabs and faecal samples were taken on the
farm before slaughtering. ERIC-PCR was applied to study the genetic diversity and relationship among the isolates. No Arcobacter spp. were
found in the supply water but on almost all of the sampled carcasses and in carcass-draining-off water arcobacters were identified. Arcobacter spp.
were detected in the gut systems of chickens, ranging from 20% to 85% in hens and 3.3% and 51% in broilers. Similar ERIC-PCR genotypes were
detected in gut contents as well as on carcasses from the same flock. The present study demonstrated that Arcobacter spp. can be detected in
chicken intestines at slaughter and could be brought in this way into slaughterhouses where the bacteria contaminate carcasses during processing.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The genus Arcobacter was proposed in 1991 and belongs to
the family Campylobacteraceae (Vandamme and De Ley, 1991;
Vandamme et al., 1991). Like Campylobacter, Arcobacter
species have been indicated as foodborne microorganisms since
they have been detected in food of animal origin, especially in
products from chicken all over the world (de Boer et al., 1996;
Kabeya et al., 2004; Rivas et al., 2004; Son et al., 2006). The
bacteria are found on almost all sampled broiler carcasses with a
significantly higher recovery rate than Campylobacter spp. for
the same samples (Houf et al., 2002b). Up to several thousand
bacteria were present per gram of neck skin prior to
evisceration. Arcobacter spp. are recovered from carcasses at
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different processing stages (e.g. pre- and post-scald, pre- and
post-evisceration and pre- and post-chill) (Houf et al., 2002b;
Son et al., 2007) as well as along the slaughterhouse processing
line, equipment and processing water (Houf et al., 2002b; Houf
et al., 2003; Gude et al., 2005). The organisms are hardly
isolated from the gut contents of birds belonging to the same
flock where arcobacter-positive carcasses come from (Atabay
and Corry, 1997; Houf et al., 2002b). It has been hypothesised
that Arcobacter spp. are probably not normal inhabitants of
chicken intestines (Eifert et al., 2003; Gude et al., 2005;
Gonzalez et al., 2007). The source of arcobacter contamination
on carcasses would be the slaughterhouse environment and/or
water used during processing (Atabay and Corry, 1997; Gude
et al., 2005; Van Driessche and Houf, 2007).

The aim of this study was to determine the source(s) of
introduction of Arcobacter species in chicken slaughterhouses by
examining the presence of Arcobacter spp. on chicken carcasses,
in the content of different parts of the chicken intestine and in the
water supply of two poultry slaughterhouses in The Netherlands.
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2. Materials and methods

2.1. Sampling

Carcasses and intestinal tracts of chickens were obtained from
two slaughterhouses in The Netherlands (with a capacity of
10,000–12,000 birds per hour). Both slaughterhouses are operated
under the EU hygiene regulations 852, 853 and 854/2004. At
slaughterhouse 1, three flocks of laying hens were sampled (on
different days). From flock 1, twenty pre-chilling carcasses and 40
intestinal tracts were randomly taken. Five days prior to
slaughtering of this flock, 50 cloacal swabs and 6 faeces pools
(each containing 5–6 different faecal droppings) were collected
randomly on the farm. Thirty pre-evisceration carcasses were
collected from flock 2 and 40 intestinal tracts were collected from
flock 3. At slaughterhouse 2, samples were taken randomly from 2
different broiler flocks on 2 different days. Thirty pre-evisceration
carcasses were collected from one flock. Twenty pre-evisceration
carcasses and 100 intestinal tracts were collected from the other. In
addition, approximately 100 ml of water draining off from hanging
broiler carcasses at different processing stages was collected: (1)
from carcasses immediately after leaving the scalding tank
(operated at 52 °C/3 min), (2) from carcasses after defeathering
and washing and (3) after the last wash before entering the chilling
room.Tapwater used as processingwater in the slaughterhousewas
also sampled (500 ml).

2.2. Sample processing

Cloacal swabs taken on the farm were immediately placed in
10 ml Arcobacter broth (Oxoid, CM965) supplemented with
CAT supplement (Cefoperazone, Teicoplanin, Amphotericin B,
Oxoid, SR174). Other samples, collected on the farm or in
slaughterhouses, were transported on ice to the laboratory and
were processed within a few hours. Arcobacter broth without
CAT supplement was used for processing samples (for
homogenisation, rinsing or wiping). The processed samples
were inoculated in Arcobacter broth supplemented with CAT,
(from now on referred to as enrichment medium). Twenty grams
of each faecal pool was homogenised (by vortex) in 40 ml
Arcobacter broth and 1 ml of the suspension was added to 9 ml
enrichment broth. Post-evisceration carcasses were rinsed with
100 ml Arcobacter broth in sterile plastic bags and pre-
evisceration carcasses were wiped with a sterile cotton com-
press wetted in 100 ml Arcobacter broth. One ml of the samples
obtained by rinsing or wiping of carcasses was then inoculated
in 9 ml enrichment medium. The sampling area of the intestinal
tracts was flushed with 75% ethanol and scissors sterilised in a
burning flame were used to open the guts. The content of 10-cm
duodenum, 10-cm ileum or 5-cm caeca was collected using a
sterile scalpel, mixed with sterile cotton swabs and placed in
10 ml enrichment broth. One ml of carcass-draining-off water
was inoculated in 9 ml enrichment medium. Fifty ml of tap
water was centrifuged for 20 min at 4000 ×g and 15 °C. Forty
nine ml of the supernatant was gently removed and 9 ml
enrichment medium was added and mixed with the remaining
1-ml sample.
All enrichment samples were incubated for 48 h at 30 °C under
microaerophilic conditions (generated by BD CampyPak™,
Becton, Dickinson and Company).

2.3. Detection of Arcobacter spp.

The presence of Arcobacter spp. was investigated both by
PCR and isolation of the bacteria. After 48-hour incubation, DNA
from each enrichment culture was extracted by the boiled lysate
method. The presence of Arcobacter DNA was examined by a
genus-specific PCR reaction (primer 219 f: GAGATTAGCCTG
TAT TGTATC, primer 1427r: TAG CAT CCC CGC TTC GAA
TGA) (Harmon and Wesley, 1996). PCR-positive samples were
retested with a multiplex PCR (m-PCR) for species specification
(using primers ARCO: CGT ATT CAC CGT AGC ATA GC;
BUTZ: CCT GGA CTT GAC ATA GTA AGA ATG A; SKIR:
GGC GAT TTA CTG GAA CAC A; CRY 1: TGC TGG AGC
GGATAG AAG TA; CRY 2: AAC AAC CTA CGT CCT TCG
AC) (Houf et al., 2000). Samples that were negative in the
arcobacter-specific PCR were tested by PCR with eubacterial
primers (27 f: AGA GTT TGATCM TGG CTCAG; 519r: GWA
TTACCGCGGCKGCTG;K=G, T;M=A, C;W=A, T) for the
possible presence of inhibitors. DNA fromA. butzleriLMG6620,
A. cryaerophilus LMG 7537 and A. skirrowii LMG 6621 was
used as positive controls.

For isolation of bacteria, 50 μl of each enrichment sample was
dropped on a cellulose-nitrate membrane filter (0.65 μm)
(Sartorius, The Netherlands) which was placed on blood agar
plates (Brain Heart Infusion Agar, Oxoid, plus 5% horse blood)
supplemented with CAT (Cefoperazone, Teicoplanin, Amphoter-
icin B, Oxoid). After 1-hour incubation at 30 °C in air, the filters
were removed, the filtrates were evenly distributed over the agar
surface with a sterile spreader, and the plates were incubated for
48 h at 30 °C under microaerophilic conditions. Plates with no
growth were incubated for two more days. Three to five colonies
from each plate suspected to be Arcobacter spp. (small, non-
pigmented or grey on blood agar plate) were transferred to blood
agar plates without antimicrobial supplement and incubated for
48 h at 30 °C under microaerophilic conditions. Isolates were
purified by passing onto blood agar plates at least 3 times. The
isolates were confirmed to be Arcobacter spp. by the m-PCR
(Houf et al., 2000).

2.4. Enterobacterial repetitive intergenic consensus (ERIC)-PCR

To investigate the genotypic diversity and the genetic
relationship among the isolates, ERIC-PCR was performed on
the isolated Arcobacter strains (primer 1: ATG TAA GCT CCT
GGG GAT TCA C and primer 2: AAG TAA GTG ACT GGG
GTG AGC G) (Houf et al., 2002a). DNA of the isolates was
obtained by the boiled lysate method and 3 μl was used in 25 μl
total reaction volume.

2.5. Survival of Arcobacter isolates under scalding conditions

FiveArcobacter isolates, two A. butzleri, two A. cryaerophilus
and one A. skirrowii, were randomly chosen for testing their



Table 1
Presence of Arcobacter spp. in samples as determined by PCR and by isolation

Numbers of positive
samples/ total

Numbers of positive
samples by PCR/
by isolation

Slaughterhouse 1 — Flock 1 (hens)
Cloacal swabs a 0/50 0/0
Faecal droppings a 2/6 1/2
Carcasses 20/20 (100%) 20/20
Intestinal tracts 34/40 (85%) 34/33
Duodenum 9/8
Ileum 6/6
Caeca 5/5
Duodenum+ileum 2/2
Duodenum+caecum 1/1
Ileum+caecum 7/7
3 positions 4/4

Slaughterhouse 1 — Flock 2 (hens)
Carcasses 30/30 (100%) 30/24
Intestinal tracts 6/30 (20%) 6/4
Ileum 3/3
Caeca 1/1
Ileum + caecum 2/0

Slaughterhouse 1— Flock 3 (hens)
Intestinal tracts 13/40 (43.3%) b 5/10 b

Ileum 3/8
Caeca 2/0
Ileum + caecum 0/2

Slaughterhouse 2— Flock 4 (broilers)
Carcasses 30/30 (100%) 30/28
Intestinal tracts 1/30 (3.3%) 1/1
Ileum 1/1
Caeca 0
Ileum+caecum 0

Drippings 1
(post-scalding)

1/2 1/0

Drippings 2
(post-defeathering)

2/2 2/2

Drippings 3 (pre-chill) 2/2 2/0
Tap water 0/2 0/0

Slaughterhouse 2 — Flock 5 (broilers) c

Carcasses 15/20 (75%) 15
Intestinal tracts 51/100 (51%) 51
Ileum 26
Caeca 8
Ileum+caecum 17

Drippings 1
(post-scalding)

0/1 0

Drippings 2
(post-defeathering)

1/1 1

Drippings 3
(pre-chilling)

2/2 2

Tap water 0/2 0

a Samples were taken on the farm before slaughtering.
b For this flock, 5 tracts were PCR-positive, but arcobacters were isolated

from 10 tracts including 2 PCR-positive tracts.
c For this flock, the investigation was done by PCR only.

Table 2
Identification of Arcobacter species in enrichment samples by m-PCR and by
isolation

Species a, b

Butz Cry Skir Butz+
cry

Butz+
skir

Slaughterhouse 1 — Flock 1 (hens)
Faecal droppings 0/1 1/1
Carcasses 9/8 0/5 11/7
Intestinal samples c 48/45 2/2 2/1 0/3

Slaughterhouse 1 — Flock 2 (hens)
Carcasses 11/2 1/16 18/6
Intestinal samples 1/0 2/4 5/0

Slaughterhouse 1 — Flock 3 (hens)
Intestinal samples c 4/11 0/1 1/0

Slaughterhouse 2 — Flock 4 (broilers)
Carcasses 23/21 0/2 0/5 7/0
Intestinal samples c 1/1
Drippings 1 (post-scalding) 1/0
Drippings 2 (post-defeathering) 0/2 2/0
Drippings 3 (pre-chilling) 2/0

Slaughterhouse 2 — Flock 5 (broilers) d

Carcasses 15
Intestinal samples 68
Feather 1 1
Feather 2 1
Drippings 2 (post-defeathering) 1
Drippings 3 (pre-chilling) 2
a Data are presented as numbers of samples detected by m-PCR/ by isolation.
b Butz, A. butzleri; cry, A. cryaerophilus; skir, A. skirrowii.
c Samples from different parts of the intestinal tracts (duodenum, ileum, caeca).
d For this flock the investigation was done by PCR only.
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survival after 3 min in water at 52 and 58 °C. One ml of a 10-fold,
100-fold or 1000-fold dilution of an overnight broth culture of
each strain was inoculated in 9 ml sterile water that had been
placed in a water bath of 52 or 58 °C at least 1 h prior to the assay.
After 3-minute incubation, 100 μl from each sample was trans-
ferred onto blood agar plates and another 100 μl was added into
900 μl BHI broth (Brain Heart Infusion, Oxoid) at room tem-
perature, for serial dilution. One hundred μl of each dilution was
then spread onto blood agar plates. The plates were incubated for
2 days at 30 °C under microaerophilic conditions and colonies
were counted.

3. Results

3.1. Presence of Arcobacter spp. in samples

The presence of Arcobacter spp. in samples detected both by
PCR and isolation is presented in Tables 1 and 2. In general, the
PCR technique yielded a higher prevalence of Arcobacter spp.
than the isolation method. The isolation of Arcobacter species
from some PCR-positive samples was unsuccessful due to
overgrowth by other enteric bacteria or fungi. Arcobacters were
also isolated from a few PCR-negative samples. Therefore, the
number of positive samples was calculated by combination of
the results from both PCR and isolation.

Almost all sampled carcasses were Arcobacter-positive. From
flock 1 (hens), 1 faecal sample (out of 6) taken on the farm was
PCR-positive and A. skirrowii was isolated. In addition,
A. cryaerophilus was isolated from 1 PCR-negative sample.
None of the 50 cloacal swab samples taken on the farm were
Arcobacter-positive either by PCR or isolation. However,
Arcobacters were detected in the content of 34 out of 40 intestinal
tracts (85%) taken from the same flock. Themajority of the isolates
from these samples were identified as A. butzleri. Both A. butzleri
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and A. cryaerophilus, but not A. skirrowii, were detected in the
intestinal content of 6 of the 30 hens from flock 2. In flock 3 (hens),
only 5 intestinal tracts were found positive by PCR.A. butzleri and
A. cryaerophiluswere isolated from 10 tracts (including two PCR-
Fig. 1. ERIC-PCR fingerprints of Arcobacter isolates; M: DNA marker (Smartladder,
tracts; lanes marked with the same sign of a, b, c, e, i, o, or x show similar fingerpr
(lanes 1–31) and A. skirrowii (lanes 32–34), and A2: A. butzleri isolates from flock
flock 2; C: A. butzleri isolates gut contents from flock 3; D: A. butzleri isolates from
positive ones). From one broiler flock (flock 4) A. butzleri was
detected by PCR and isolated from 1 of the 30 intestinal tracts. To
reconfirm the presence of Arcobacter species in broiler intestines,
carcasses and intestinal tracts were collected from another broiler
Eurogentec); lane numbers labeled with asterisk ⁎ are of isolates from intestinal
ints among isolates from carcasses and intestinal samples; A1: A. cryaerophilus
1; B: A. cryaerophilus (lanes 1–30) and A. butzleri (lanes 31–34) isolates from
broilers.
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flock (flock 5) on another visit and the presence ofArcobacter spp.
was detected only by PCR. Fifty one out of the 100 intestinal tracts
were found positive.

At the broiler slaughterhouse, various water samples were
taken during the 2 visits and examined for Arcobacter species.
Arcobacter spp. were not detected by either PCR or isolation in
all supply water samples. In contrast, the bacteria were detected
by PCR in carcass-draining-off water samples from all sampling
sites (Table 1). Unfortunately, due to the overgrowth by some
swarming microorganisms Arcobacter species were only
isolated from two carcass-draining-off samples taken after
defeathering and identified as A. cryaerophilus.

3.2. ERIC-PCR fingerprinting of Arcobacter isolates

ERIC-PCR fingerprints of Arcobacter isolates from car-
casses and intestinal content are shown in Fig. 1. In general, in
each flock a genotypically diverse set of isolates were detected
on the carcasses. Genetic heterology was also observed among
isolates from the gut content of chickens from the same flock. In
each flock several similar genotypes were detected on different
carcasses and in different intestinal tracts but only one or two
isolates from carcasses had similar patterns as the intestinal
isolates. Furthermore, the fingerprint of the A. cryaerophilus
isolate from faeces on the farm of flock 1 (lane 1, Fig. 1-A1) was
different from that of all carcass and gut isolates from this flock.
Similarly, the faecal A. skirrowii isolates from this farm (lanes
32 and 33, Fig. 1-A1) had a pattern different from that of the
A. skirrowii isolate in a caecal sample (lane 34, Fig. 1-A1).

3.3. Survival of Arcobacter species under scalding conditions

Since Arcobacter species are mesophilic and unable to grow
at 42 °C (Vandamme et al., 1991), the ability of five Arcobacter
isolates to survive the scalding conditions was examined with
Table 3
Assay on survival of Arcobacter isolates at scalding conditions

Log10 CFUs per ml Log10 CFUs per ml
(52 °C/3 min) (58 °C/3 min)

Inoculum Survival Inoculum Survival

A. skirrowii 9C1 6.6 4.1 6.4 2.7
(hen caecal isolate) 5.4 1.6 5.4 ND

4.4 ND 4.4 ND
A. cryaerophilus K21a 6.1 3.1 6.1 2.8

(hen carcass isolate) 5.1 4.4 5.1 2.1
4.6 2.0 4.1 ND

A. cryaerophilus K141b 6.4 5.8 6.4 3.3
(hen carcass isolate) 5.4 3.9 5.4 1.9

4.3 2.4 4.4 ND
A. butzleri K21c 6.5 5.6 6.6 3.9

(hen carcass isolate) 5.6 4.2 5.6 2.8
4.6 1.9 4.6 ND

A. butzleri K429a 6.1 4.3 6.8 ND
(broiler carcass isolate) 5.8 2.2 5.8 ND

4.8 1.8 4.8 ND

ND: Not detected.
different bacterial inocula (106, 105, 104 CFUs/ml). After
exposure to 52 °C for 3 min, the bacterial numbers were reduced
approximately 0.6–4.0 log10 CFU/ml (Table 3). At 58 °C, at
least 3 log10 CFUs/ml reduction was demonstrated. Heat resis-
tance seemed strain-dependent.

4. Discussion

The present study was performed to determine the sources of
introduction of Arcobacter spp. in slaughterhouses. Arcobacters
could not be recovered from the supply water whereas almost all
sampled carcasses and water draining off carcasses at different
processing stages were positive. It seems impossible that the
slaughterhouse supply water is the source of arcobacter con-
tamination on carcasses. The results demonstrated the presence
of Arcobacter spp. in the intestinal content of all sampled hen
and broiler flocks albeit with different frequencies (Tables 1
and 2). Likewise, Arcobacter species were isolated from 1/15
intestinal tracts in a study by Atabay and Corry (1997) and from
1/10 intestinal tracts for each of two flocks in a study by Van
Driessche and Houf (2007). In Japan, arcobacters were isolated
from 14.6% of cloacal swabs taken from 234 chickens on farms
(Kabeya et al., 2003).

Furthermore, the ERIC-PCR results demonstrated that a few
arcobacter genotypes in the intestines were similar to genotypes
on carcasses of the same flock. This indicates that Arcobacter
spp. can be introduced in a slaughterhouse by the gut contents of
chickens. The finding of extreme genetic diversity of isolates on
carcasses in the present study as well as in the literature (Houf
et al., 2003; Son et al., 2006; Van Driessche and Houf, 2007)
can be explained by cross-contamination among slaughtered
chickens within one flock and from flocks of different farms.
Spreading of Campylobacter spp. from previously slaughtered
birds to subsequent flocks has been clearly demonstrated
(Rivoal et al., 1999; Newell et al., 2001; Miwa et al., 2003).
This cross-contamination can already start during transportation
if already-contaminated crates are used. It can also occur during
scalding, defeathering and evisceration through contaminated
equipment, air and personnel (Berndtson et al., 1996; Ono and
Yamamoto, 1999; FAO/WHO, 2002; Hansson et al., 2005;
Posch et al., 2006; Allen et al., 2007). The results in the present
study indicated that these transmission routes seem the same for
arcobacters. Arcobacter spp. are found on equipment along the
processing line and in processing water: water in the scalding
tank, water outlets of the defeathering machine and washers
(Houf et al., 2002b; Gude et al., 2005). The bacteria were also
isolated from the transportation crates used by flocks from
which no Arcobacter species were detected in their caecal
contents (Houf et al., 2002b). In our study, the bacteria were
present in water draining off carcasses just leaving the scalding
tank (before entering the defeathering stage), after defeathering
and before going to the chilling room. The survival test on some
Arcobacter isolates at a scalding temperature of 52 °C in tap
water for 3 min indicated that a proportion of the Arcobacters
that contaminated the scalding water can survive these
conditions and cause cross-contaminating within and between
flocks in the scalding tank and in later processing stages.
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The recovery of Arcobacter species in live birds or intestinal
contents depends on sampling size and place. In most studies in
the literature only a small numbers of samples were taken (Atabay
and Corry, 1997; Gude et al., 2005; Van Driessche and Houf,
2007). The sampling site also appears to be important. In the
present study, Arcobacter spp. were detected more often in ileal
samples than in caecal samples. For salmonellae, it has been
demonstrated that different results can be obtained by samplings
at different parts of the chicken intestines (Rasschaert et al., 2007).
The survival of campylobacters in parts of the intestines is
dependent on the ecology of that part of the intestines. It has been
indicated that caeca and cloaca are the primary colonisation sites
of Campylobacter spp. in chicken intestines (Beery et al., 1988;
Amit-Romach et al., 2004).Arcobacter species being aerotolerant
could favour the ileum instead of the more anaerobic caeca.

Finally, the prevalence of Arcobacter spp. could be under-
estimated due to difficulties in isolation of these bacteria. In
particular, the intestinal flora harbours larger numbers of enteric
bacteria and fungi and yeasts compared to carcasses. In the
present study Arcobacter spp. could not be isolated without
filtration, due to overgrowth of other enteric microorganisms.
A. skirrowii was detected in some samples by m-PCR but
could not be isolated. The co-existence of more than one species
in a sample was shown at higher rates by m-PCR than by
isolation. In general PCR gave better results for demonstration
of the presence of Arcobacter species, which is in agreement
with the experience of other research groups (Fera et al., 2004;
Gonzalez et al., 2007). However, as shown in Table 1 the PCR
method sometimes also failed to detect the bacteria in
enrichment samples. Since these samples also yielded negative
results for the PCR using eubacterial primers, the presence of
inhibiting factors in the samples can be assumed.

The results from this present study clearly indicate that
Arcobacter spp. are imported into slaughterhouses by the gut
contents of chickens. Processing in the slaughterhouses seems
to be responsible for the spread of Arcobacter species from the
intestines to carcasses. The supply water does not seem to play
a role in introducing arcobacters in a slaughterhouse. The ob-
served large genetic diversity of Arcobacter spp. present on
carcasses can be explained by cross-contamination between
chickens of one flock and between chickens of different flocks.
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