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a b s t r a c t

This study investigates factors associated with Campylobacter contamination of broiler carcasses, using
survey data collected from nine Belgian slaughterhouses in 2008 in accordance with a European Union
baseline study. Campylobacter were detected in 51.9% (202/389) (95% confidence interval, 46.8%e56.9%)
of broiler carcasses. Campylobacter concentration was <10 CFU/g in 49.6% of carcasses, while 20.6% were
contaminated with �1000 CFU/g. The mean Campylobacter concentration, as calculated by maximum
likelihood estimation for left-censored data, was 1.8 log10 CFU/g, with a standard deviation of 1.9
log10 CFU/g. There was statistically significant variation among slaughterhouses in prevalence and
concentrations of Campylobacter in their sampled carcasses. Campylobacter prevalence (but not
concentrations) was positively associated with increase in broilers age. Both Campylobacter prevalence
and concentration were significantly higher in carcasses sampled during June and September (but not in
July and August) than carcasses sampled in January. We also investigated the correlation (Spearman’s
rank correlation test) between the scores of official control inspections and Campylobacter prevalence for
eight out of the nine slaughterhouses. The control inspections were routinely performed by the Belgian
Federal Agency for the Safety of the Food Chain, and the concluded inspection scores were used as
a general numerical indicator for the status of operational hygiene and quality of management in the
slaughterhouses. Ranking of slaughterhouses based on their inspection scores was statistically correlated
(Spearman’s correlation coefficient ¼ 0.857) with their ranking based on prevalence of Campylobacter. In
the present study we demonstrate how the outcomes from a routine baseline survey could be coupled
with other readily available data from national control authorities in order to enable a better insight over
Campylobacter contamination status in broiler slaughterhouses. Findings from this work call for subse-
quent in-depth investigations on technical and hygiene management factors that could impact
Campylobacter contamination across broiler slaughterhouses.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Campylobacter jejuni and Campylobacter coli are among themost
common bacterial causes of human gastroenteritis worldwide.
iology and Food Preservation,
, Coupure links 653, B-9000
225 55 10.

All rights reserved.
Infected humans exhibit a range of clinical symptoms varying from
mild, watery to severe inflammatory diarrhoea (Humphrey et al.,
2007). In addition, C. jejuni has been identified as an important
infectious trigger for Guillain-Barré syndrome, the most common
cause of acute flaccid paralysis in polio-free regions (Godschalk
et al., 2004). In Belgium, 47.9 cases of human campylobacteriosis
per 100,000 people were reported in 2008 by the Network of
National Reference and Sentinel Laboratories (Anonymous, 2009).
The majority of human campylobacteriosis cases are sporadic, and
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consumption or handling of contaminated raw or undercooked
poultry meat is believed to be an important vehicle of infection
(Anonymous, 2009). Gellynck et al. (2008) estimated the cost of
illness associated with Campylobacter infection and sequelae in
Belgium asV 27.3 million (estimate for the year 2004). According to
their estimation, 40% of these costs are attributable to the
consumption of poultry meat. This is in concordance with other
source-attribution studies, outbreak investigations and case-
econtrol reports that incriminate chickenmeat as a major source of
the foodborne transmission of Campylobacter (Butzler, 2004;
Friedman et al., 2004; Humphrey et al., 2007; Mullner et al., 2009).

Campylobacter inevitably finds its way to the chicken meat
surface when carcasses are contaminated with intestinal contents
during plucking and evisceration (Guerin et al., 2010; Rasschaert
et al., 2006). In addition, the defeathering and cross-
contamination between Campylobacter-positive and negative
broiler batches at slaughter have been speculated to contribute to
the overall carcasses contamination (Normand et al., 2008;
Takahashi et al., 2006). Added to that, it has been shown that
Campylobacter prevalence and concentration in chickenmeat varies
significantly in correlation with processors (Habib et al., 2008;
Sampers et al., 2010). To understand factors that govern Campylo-
bacter contamination variability, there is a need for intensive
microbiological baseline studies across national broiler slaughter-
houses. Quantitative (enumeration) and qualitative (presence/
absence) microbiological data from such baseline studies can be
important for evaluating different slaughterhouses and their food
safety management programs (Lindblad et al., 2006). Additionally,
a national survey across broiler slaughterhouses is an important
tool for investigating processing conditions that must be controlled
to prevent, eliminate, or reduce Campylobacter contamination
(Sampers et al., 2008).

In addition to insights gained from microbiological baseline
surveys on Campylobacter contamination in broiler slaughter-
houses, results from official (e.g. by governmental bodies) food
control inspections could add further insights about the status of
quality management and operational hygiene in slaughterhouses
(Hudson et al., 1996). In its essence, official food control inspection
is a tool for directing enforcement efforts, as well as a tool for
monitoring hygienic standards. These standards could be related to
staff, premises, equipment and implementation of hygienic
requirement for slaughter and handling of fresh carcasses. Con-
trasting the official inspection score for a slaughterhouse with
Campylobacter contamination level in its carcasses seems an
obvious area for evaluating the usefulness of such inspection scores
for assuring safe product.

The aim of this study was to investigate factors associated with
carcasses contamination with Campylobacter in nine Belgian
slaughterhouses, using survey data collected in 2008 during the
European Union baseline study (Anonymous, 2010). Moreover, the
relation was investigated between results of the slaughterhouses
control inspection checks, routinely performed by the Belgian
Federal Agency for the Safety of the Food Chain (FASFC), and the
status of Campylobacter contamination among the surveyed
slaughterhouses.

2. Materials and methods

2.1. Survey design and sampling

The survey was executed in accordance with the requirements
for a European Union-wide baseline survey on Campylobacter
contamination in broiler carcasses (Anonymous, 2007). In Belgium,
the population concerned was 9 poultry slaughterhouses that each
process more than 10,000,000 carcasses per year. These were
selected to fulfill an inclusion criterion for a targeted sampling
approach that includes slaughterhouses supplying more than 85%
of the Belgian broiler distribution chain (Anonymous, 2006a). The
slaughterhouses were certified for operating under HACCP (hazard
analysis critical control points) principles. Added to that, the major
operational procedures were similar; for instance, all of the
slaughterhouse use soft scalding procedures and all use air chilling
systems. The analysis unit was one post-chill carcass (before further
processing such as freezing, cutting or packaging) sampled from
independent broiler batch. Here, a batch is a term used to define
a group of broilers which have been raised in the same holding
(farm of origin) and which are delivered and slaughtered on one
single day. The sample size was based on a harmonized guideline
across the European Union, and assuming annual prevalence of
w50% with desired confidence interval of 95% and 5% accuracy
(Anonymous, 2007). In total, 389 carcasses were sampled propor-
tional to slaughterhouse production. Sampling was done between
January and December 2008, with equal number of samples
collected per month. Samples were collected by trained inspectors
from the Belgian FASFC, and were sent to the analysis laboratory
under controlled temperature condition within 24 h of collection.
Analysis of carcasses took place in two laboratories licensed by the
Belgian Federal Service for Public Health and accredited in accor-
dance with the requirements of ISO standard 17025. The two
laboratories were located in two Belgian provinces and samples
were distributed among them according to their geographical
location.

2.2. Microbiological analysis

Campylobacter enumeration and qualitative detection were
performed according to the guidelines of the ISO 10272:2006
methods (part 1 and 2) (Anonymous, 2006b,c). Neck skin was
removed together with skin from one side of the carcass (breast
skin), and avoiding as much visible fat as possible. A test portion of
w27 g was homogenized with 243 ml (w9x volume) of buffered
peptonewater (BPW, CM0509 [Oxoid, Basingstoke, England]). From
this initial homogenate, testing was carried out in parallel as
follows:

(I) For enumeration,10ml (w1 g) was transferred to a sterile tube
and 1 ml of it (10�1) was spread plated over three (0.3, 0.3,
0.4 ml) modified charcoal cefoperazone deoxycholate agar
plates (mCCDA; Campylobacter blood-free selective medium
CM739 plus selective supplement SR155 [Oxoid, Basingstoke,
England]) in duplicate, in addition to spread plating of 0.1 ml
from the same dilution onmCCDA. Two further serial dilutions
(10�2 and 10�3) were made in BPW, and 0.1 ml from each was
spread plated on mCCDA. Plates were incubated in a micro-
aerobic atmosphere achieved by introducing a gas mixture of
5% CO2, 5%O2, 5%H2, and 85% N2 in stainless steel jars (10-L
size; DonWhitley Scientific,West Yorkshire, United Kingdom).
Agar plates were incubated at 41.5 �C and counted after 48 h.

(II) For presence/absence testing, 10ml (w1 g) of the same sample
homogenate was added to 90 ml of Bolton broth (BB; Bolton
broth CM0983 plus supplement SR183 [Oxoid, Basingstoke,
England] with 5% [vol/vol] lysed horse blood [E&O Laborato-
ries, England]). The enrichment broth was then incubated in
amicroaerobic atmosphere for 4 h at 37 �C and then for 44 h at
41.5 �C. Subsequently, 10 ml of the enrichment culture was
plated onto mCCDA and incubated for 48 h at 41.5 �C.

Confirmation of presumptive Campylobacter colonies at the
genus level was performed according to the ISO 10272:2006 prin-
ciples (Anonymous, 2006b,c).
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2.3. The control inspection checks and scoring of slaughterhouses

Results of the official inspection in the year 2008 for 8 out of the
9 slaughterhouses were provided by the Belgian FASFC (referred to
in the following text as “FASFC-check”). “FASFC-check” was based
on an audit, completed by trained inspectors, addressing different
aspects related to general quality management, infrastructure and
operational hygiene (Table 1). Inspectors visit these slaughter-
houses regularly and perform a control audit according to a pub-
lished set of guidance notes and using a nationally harmonized
checklist referred to as “DPA-2286: inspection checklist for infra-
structure, equipment and hygiene of poultry and small game
slaughterhouses”. This checklist is designed to assure satisfactory
supervision of the slaughter hygiene in accordance with require-
ments of EU and Belgian regulations (for examples, EC regulation
No 852/2004 on the hygiene of foodstuffs, EC regulation No 853/
2004 laying down specific hygiene rules for food of animal origin,
EC regulation No 1935/2004 on materials and articles intended to
come into contact with food, EC regulation No 999/2001 laying
down rules for the prevention, control and eradication of certain
transmissible spongiform encephalopathies, the Belgian Royal
Decrees on premises registration (16/01/2006), on the hygiene of
food of animal origin (22/12/2005) and on quality of water inten-
ded for use in food establishments (14/01/2002)).
Table 1
Main sections of the checklist control conducted the Belgian Federal Agency for the Safe

Controlled items General descrip

Part 1: Requirements for food processing establishments
1. General requirements on premises infrastructure e.g. the premise

prevent cross-c
and sufficient la
hygienic hand d

2. Special requirements for premises sections in
which foods are processed, handled, prepared

e.g. appropriate
and easy to clea
material, overa

3. Requirements for tools and apparatus in
contact with foods

e.g. hygienic de
frequency, the
grade chemical

4. Hygiene requirements applicable to food handling e.g. no entry of
storage of dang
and application

5. Hygiene requirements applicable to packaging
and pack material of foods

e.g. packaging m
availability of c

6. Infrastructure and equipments for water supply e.g. availability
control of wate
non potable wa

7. Personnel Hygiene and training e.g. medical cer
uniform, respec
in personnel hy

8. Handling of food waste, non consumable
byproducts and other waste

e.g. no accumul
handled, hygien
for waste stora
containers, loca
treatment of w

9. Auto-control systems Documented H

Part 2: Slaughterhouse specific requirements
1. Registration is approved by competent authority Administrative
2. Infrastructure of slaughterhouse e.g. separated r

for prevention
to disinfect ute
separate locatio
other transport
and freezers, et

3. Hygiene during slaughter e.g. preventive
evisceration, no
animals, cool d
the evisceration
time and batch

4. Presence of Identification stamp/mark To ensure trace
In total 138 items are assessed and scored according to the
standards observed. The main sections of the “FASFC-check” are
listed in Table 1, and the full checklist could be downloaded through
the following link: [http://www.favv.be/checklists-fr/_documents/
FAVVChecklist-2286v3fr.pdf]. The output of “FASFC-check” indi-
cates the number of severe deficiencies in the slaughterhouse’s
quality management, operational hygiene and infrastructure
requirements; these are referred to with the term “non-confor-
mity”. Follow up of non-conformity scores on frequent inspection
visits provides useful management data indicating whether the
premises are improving or whether, whilst still meeting legal
requirements, might be failing to maintain selected aspects of
slaughterhouse operational hygiene and quality standards. The
number of recorded nonconformities and the associated number of
inspected items for each broiler slaughterhouse were extracted
from the “FASFC-check” database.

2.4. Statistical analysis

Campylobacter survey results and data on “FASFC-check” for
slaughterhouses were received in a Microsoft Excel spreadsheet
format. Data were transferred to, and all statistical analysis carried
out using the software STATA v.11.0 (StataCorp LP, College Station,
TX). The explanatory variables included in the regression models
ty of the Food Chain (“FASFC-check”) for broiler slaughterhouses.

tion Number of
requirements

s space is appropriate, processing flow to
ontamination, separate locker room, separate
vatories, sinks with appropriate taps and
rying, etc.

17

floor covering, walls and ceilings, smooth
n surfaces, separate storage facility for cleaning
ll cleanliness of the locations, etc.

21

sign, maintenance, cleaning and disinfection
use of good practices and appropriate food
maintenance products, etc.

5

domestic animals, pest control, adequate
erous chemicals, use of appropriate labeling
of biocides, insecticides etc.

11

aterial not to be exposed to contamination,
lean recipients and storage facility, etc.

6

of sufficient potable water, frequency of
r quality in accordance to legal requirements,
ter distributed in separate tubing, etc.

3

tificate for personnel, appropriate and clean
t of personnel hygiene by personnel, training
giene foreseen according to a defined plan, etc.

8

ation of waste in locations in which foods are
ic removal of waste, the use of closed containers
ge, appropriate and timely cleaning of waste
tion for storage of waste are well maintained,
astewater, etc.

9

ACCP plan in place 1

checks 4
oofed location for receipt of animals, facilities
of cross-contamination, availability of methods
nsils during slaughter, separate locations for offal,
ns for cleaning and disinfection of crates and
material, control of temperature in refrigerators
c.

23

measures taken to prevent contamination during
use of wooden materials, no slaughter of sick

own to less than 4 �C as soon as possible after
step, timely communication on slaughter
size to the official veterinary officer, etc.

29

ability of slaughter-batches 1

http://www.favv.be/checklists-fr/_documents/FAVVChecklist-2286v3fr.pdf
http://www.favv.be/checklists-fr/_documents/FAVVChecklist-2286v3fr.pdf


Table 2
Distribution of Campylobacter contamination in chicken carcasses from 9 Belgian
slaughterhouses.a

Slaughter
house

No. of
samples

Total no.
(%) positiveb

Frequency of count bands/no. (%)

<1 log10
CFU/gc

� 1 & <3 log10
CFU/g

�3 log10
CFU/g

A 20 13 (65.0) 7 (35.0) 6 (30.0) 7 (35.0)
B 66 39 (59.1) 28 (42.3) 27 (41.0) 11 (16.7)
C 50 28 (56.0) 23 (46.0) 11 (22.0) 16 (32.0)
D 30 23 (76.6) 7 (23.3) 14 (46.7) 9 (30.0)
E 38 17 (44.7) 22 (57.9) 12 (31.6) 4 (10.5)
F 47 29 (61.7) 18 (38.3) 18 (38.3) 11 (23.4)
G 50 21 (42.0) 31 (62.0) 12 (24.0) 7 (14.0)
H 64 23 (35.9) 41 (64.1) 11 (17.2) 12 (18.7)
I 24 9 (37.5) 16 (66.7) 5 (20.9) 3 (12.4)

a n ¼ 389, January to December 2008.
b number of all positive results as obtained by direct plating and/or enrichment

cultures.
C below limit of quantification for the direct plating method.

Fig. 1. Distribution of Campylobacter counts in 389 broiler carcasses. The scale on the y
axis shows the percent of samples that fall within the range of Campylobacter counts
represented by the bars on the x axis. The dashed line separates samples with
enumerable results from those below the limit of quantification (<1 log10 CFU/g).
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were; Slaughterhouse of origin (categorical variable, A to I), month
of sampling (categorical variable, January to December), age of
birds (continuous variable, in days), status of thinning (dichoto-
mous variable, yes or no) time between sampling and testing
(dichotomous variable, testing in the same day or in a following
day), and the testing laboratories (dichotomous variable, laboratory
A or laboratory B). Univariate analyses were carried out to identify
the main trend, variability and distribution of each individual
variable. Variables with more than 20% of missing data (e.g. the
status of thinning was reported for only one slaughterhouse) and
those for which there was no variability were removed (e.g. the
time between sampling and laboratory testing was the same in all
samples) (Hue et al., 2010). Only factors significantly associated
with Campylobacter contamination (likelihood ratio test p < 0.20)
were considered for further analysis.

2.4.1. For “FASFC-check” data
Non-conformity scores based on “FASFC-check” were used as

a global indicator for the status of quality of management and oper-
ational hygiene. The scores were calculated for each slaughterhouse,
as: (Number of recorded nonconformities/Number of audited
items)� 100. The correlation between slaughterhouse rankingbased
on inspection scores and their ranking based on Campylobacter
prevalence was evaluated using Spearman’s rank correlation coeffi-
cient. Ranking starts from 1 (lowest; in inspection scores (non-
conformity score)/and in Campylobacter prevalence) to 8 (highest).

2.4.2. For qualitative detection results
Presence of Campylobacter in a carcass was recorded as positive

if detected by direct-plating and/or enrichment culture. Logistic
regression analysis was used to examine the association between
presence/absence (binary variable) of Campylobacter and the
following explanatory variables; the slaughterhouse (categorical
variable), age of birds in days (continuous variable) and month of
sampling (categorical variable).

2.4.3. For enumeration data
Results with no recovered Campylobacter count were reported

as “less than 10 CFU/g” (below the limit of Campylobacter quanti-
fication by direct plating method). Hence, the count data are left-
censored due to limitations of the testing method that prevents
knowing the true value of the dependent variable despite having
some measurement of it. The summary statistics (mean and stan-
dard deviation) of Campylobacter concentrations over the 389
carcasses was calculated using maximum likelihood estimation
(MLE) for left-censored data. A description of the application of the
MLE method for censored microbiological data can be found in
Busschaert et al. (2010). Tobit regression analysis was used to
examine the association between Campylobacter concentrations
and the explanatory variables of slaughterhouse, age of birds and
month of sampling. The Tobit regression approach was recom-
mended for handling food microbiology data containing left-
censored values (below the limit of Quantification) (Lorimer and
Kiermeier, 2007). It is similar to ordinary least square regression
except the coefficients are fit by MLE (Lubin et al., 2004).

Both the logistic regression analysis (for qualitative detection
results) and Tobit regression analysis (for concentration data) were
run with incorporated random-effects to account for a possible
clustering at the holding level (from which the slaughtered-batch
originates). Statistical significance was declared at P-value of<0.05.

3. Results

Results in Table 2 show that 51.9% (202/389) (95% CI, 46.8%e
56.9%) of the tested carcasses were positive for Campylobacter. The
overall status of positive is a combination of all positive results
obtained by direct plating and/or enrichment cultures. More
Campylobacter positive samples were recovered by direct plating
compared to enrichment culture; 134 samples were positive by
direct plating but were negative by enrichment culture, while 6
samples were positive by enrichment culture but were negative by
direct plating, and 62 samples were positive by both culture
methods. The concentration data showed a skewed distribution to
the right, as Campylobacter concentrations in almost half (49.6%) of
the tested carcasses were <1 log10 CFU/g, while 20.6% were
contaminatedwith�3 log10 CFU/g (Fig.1). Themean Campylobacter
concentration, as modeled by maximum likelihood estimation for
left-censored data, was 1.8 log10 CFU/g, with a standard deviation of
1.9 log10 CFU/g.

There was considerable variability in Campylobacter contami-
nation between slaughterhouses (Table 2). Worth highlighting,
�30% of broiler carcasses sampled from slaughterhouses A, C, and D
had a Campylobacter contamination level of �3 log10 CFU/g.
Slaughterhouse D provided the highest percentage of Campylo-
bacter positive carcasses (Table 2). Careful investigation of the data
(Fig. 2) showed that birds slaughtered in slaughterhouse D were
significantly (t-test, P < 0.001) (mean age of 81 days) older than
birds from the other slaughterhouses (mean age of 41 days).



A

D

G H I

B

E

C

F

Fig. 2. Distribution of slaughter bird’s age (in days) in broiler carcasses sampled from the 9 slaughterhouses (A to I). The dashed line denotes bird age of 45 days. The scale of the y
axis shows the percent of carcasses that fall within the range of age represented by the bar on x axis.
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Slaughterhouse D was the only premise among the 9 abattoirs that
slaughtered free-range and organic birds. These birds tend to be
older at slaughter as they differ from the common intensively-
produced broilers in their rearing and management systems.

Results of the effect of slaughterhouse, sampling months and
broiler’s age as risk factors for Campylobacter contamination in
broiler carcasses are given in Table 3. The initial regression models
also included interactions between the variables of interest.
However, none of these interactions were statistically significant
(P > 0.05). Slaughterhouses H and I had significantly lower odds of
providing Campylobacter positive carcasses, while slaughterhouses
E, G, H and I provided significantly lower Campylobacter concen-
trations compared to carcasses from slaughterhouse A (the refer-
ence category in the regression model). The increase in age of birds
was significantly associated with an increase in the odds of
a carcass becoming Campylobacter positive, however was not
associated with a significant increase in Campylobacter concentra-
tions (Table 3). Both Campylobacter prevalence and concentration
were significantly higher in carcasses sampled during June and
September (but not in July or August) than carcasses sampled in
January. As presented in Fig. 3, the significant increase in
Campylobacter concentration in June and September was associated
with a change in the pattern of counts frequency distribution.
Compared to other months, the frequency of carcasses with <1
log10 CFU/gwasmuch lower in June and September; that accounted
for w20% of samples, compared to at least 45% in any other month
(Fig. 3).

With regard to the official inspection of slaughterhouses,
“FASFC-check”, Fig. 4 indicates that there was tangible variability in
non-conformity scores reported over the eight slaughterhouses
(slaughterhouse E was not part of this check). “FASFC-check”
evaluated 138 items, and in 6 out of the 8 slaughterhouses this
inspection was performed twice. Highest non-conformity score
rate was 14.8% (41/276) for slaughterhouse D, followed by 13.4%
(37/276) for slaughterhouse A, then 11.6% (16/138) for slaughter-
house F, and 9.4% for slaughterhouse B, then 9.1% (25/276) for
slaughterhouse H, followed by 6.2% (17/276) for slaughterhouse C,
followed by 5.4% (15/276) for slaughterhouse G, and the lowest was
slaughterhouse I with a score of 3.3% (9/276). Interestingly, the rank
of slaughterhouses based on their official control inspection scores,
“FASFC-check”, and the rank based on prevalence of Campylobacter
in their carcasses were strongly correlated (Spearman’s rank
correlation coefficient ¼ 0.857).

4. Discussion

Assuring that slaughterhouses are under controlled operational
standards is an important pillar in the integrated management of
Campylobacter in the poultry meat chain. In the present study,
Campylobacter contamination in broiler carcasses varied signifi-
cantly between the 9 Belgian slaughterhouses. It was evident that
certain premises produce carcasses with both higher concentra-
tions (�3 log10 CFU/g) and prevalence of Campylobacter compared
to other operators. This is in agreement with a previous study on
Campylobacter contamination in Belgian chicken meat prepara-
tions, which concluded a significant variation in Campylobacter
counts and prevalence among 11 processing companies (Habib
et al., 2008).

Results from the present study show the value of Campylobacter
monitoring using enumeration (quantitative) data in evaluating the
risk posed by different broiler slaughterhouses. Such evaluation
should not be based only on themean value of concentration levels,
but basically should consider the shape of the concentrations
distribution in the samples from these slaughterhouses. Numerous
risk assessment studies showed that the risk of human campylo-
bacteriosis posed by broiler meat is largely determined by tails of
the concentration distribution (Nauta et al., 2009). In addition,
a recent study in Iceland showed that the risk of human illness is
correlated with carcasses that originated from slaughter-batches
with higher Campylobacter concentrations (Callicott et al., 2008).
Thus, risk managers can benefit from the present survey data by
allocating inspection and management efforts toward slaughter-
houses that tend to provide carcasses with higher Campylobacter
prevalence and concentrations.

We attempted to test a hypothesis that “part” of the slaughter-
house effect on Campylobacter carcasses contamination could be



Table 3
Comparison by random-effects logistic and Tobit regression models of the risk of Campylobacter carcasses (n ¼ 389) contamination in Belgian broiler slaughterhouses.

Variable Detection data Enumeration data

logistic regression model Tobit regression model

Odd ratio
(95% CI)

S.E P-value Coefficient
(95% CI)

S.E P-value

Slaughterhouse
Aa 1.00 d d 1.00 d d

B 0.66 (0.22e1.96) 0.36 0.460 �0.56 (�1.92, 0.78) 0.68 0.410
C 0.70 (0.22e2.16) 0.40 0.539 �0.28 (�1.69, 1.12) 0.71 0.689
D 0.41 (0.06e2.57) 0.38 0.343 �0.12 (�2.38, 2.13) 1.14 0.914
E 0.35 (0.11e1.15) 0.21 0.086 �1.52 (�3.03, �0.02) 0.76 0.047b

F 0.86 (0.28e2.68) 0.50 0.807 �0.17 (�1.57, 1.23) 0.71 0.809
G 0.38 (0.12e1.18) 0.22 0.096 �1.61 (�3.06, �0.16) 0.73 0.029b

H 0.25 (0.08e0.74) 0.13 0.013b �1.65 (�3.05, �0.25) 0.71 0.020b

I 0.25 (0.07e0.93) 0.16 0.040b �2.01 (�3.71, �0.30) 0.86 0.021b

Sampling month
Januarya 1.00 d d 1.00 d d

February 0.81 (0.31e2.10) 0.39 0.670 0.10 (�1.17, 1.39) 0.65 0.872
March 0.73 (0.27e1.99) 0.37 0.547 �0.43 (�1.78, 0.91) 0.68 0.525
April 0.50 (0.18e1.40) 0.26 0.190 �1.03 (�2.45, 0.37) 0.71 0.149
May 1.04 (0.38e2.83) 0.53 0.931 �0.01 (�1.37, 1.34) 0.69 0.986
June 4.46 (1.50e13.25) 2.47 0.007b 1.70 (0.44, 2.97) 0.64 0.008b

July 1.04 (0.38e2.87) 0.53 0.932 0.48 (�0.87, 1.84) 0.69 0.484
August 1.09 (0.39e2.97) 0.55 0.866 0.39 (�0.93, 1.73) 0.68 0.557
September 3.70 (1.28e10.73) 2.01 0.016b 1.59 (0.30, 2.87) 0.65 0.015b

October 1.17 (0.41e3.35) 0.62 0.757 0.55 (�0.84, 1.95) 0.71 0.437
November 1.40 (0.50e3.90) 0.73 0.519 0.70 (�0.66, 2.07) 0.69 0.311
December 0.98 (0.36e2.70) 0.50 0.984 0.20 (�1.51, 1.57) 0.69 0.765

Broilers age 1.04 (1.00e1.09) 0.05 0.041b 0.02 (�0.04, 0.07) 0.02 0.429

a Reference category in the model.
b variable with a significant difference (<0.05).
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related to the quality management and operational hygienic stan-
dards of the slaughterhouse operations. Therefore we used the
score obtained from a Belgian official control inspection (FASFC-
check) as a proxy for the operational hygiene and quality
management status in a slaughterhouse. Theoretically, such kind of
proxy score awards poor values (e.g. non-conformity score) to those
premises with poor operational hygiene standards and higher
values to better premises (Pinillos and Jukes, 2008). Poor non-
Fig. 3. Distribution of Campylobacter counts in broiler carcasses in relation to sampling mont
log10 CFU/g. The scale of the y axis shows the percent of carcasses that fall within the rang
conformity score, as a collective indicator for poor operational
hygiene, might be reflected on the microbiological status of
carcasses. For instance, in a study in UK using a comparable
mandatory check, there was a significant negative correlation
between the mean Hygiene Assessment System (HAS) scores and
the total viable counts for different beef abattoirs (Hudson et al.,
1996). Our results provide evidence that deficiencies in slaughter-
house quality management and operational hygiene, as globally
hs (January to December). The two dashed lines denote contamination levels of 1 and 3
e of Campylobacter counts represented by the bar on x axis.



Fig. 4. Slaughterhouses hygiene inspection rank (based on FASFC-check non-confor-
mity scores in 2008) and rank based on Campylobacter prevalence in carcasses (based
on EU baseline data in 2008). Ranking starts from 1 (lowest; in hygiene non-confor-
mity score/Campylobacter prevalence) to 8 (highest).
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indicated by “FASFC-check” scores, are correlated with Campylo-
bacter contamination status in broiler carcasses (Fig. 4). However,
this finding might not be stated as a “causal” relationship between
the slaughterhouse operational hygiene and Campylobacter
contamination; the effect of the slaughterhouse is likely related to
several other factors, though our findings indicate that hygienic
operations are among these factors. It has been reported that
Campylobacter positivity status in the flocks from which carcasses
originates could be an important factor that affect Campylobacter
prevalence in broiler carcasses (Berrang et al., 2004; Malher et al.,
2011; Smith et al., 2007). Due to data and resources limitation the
correlation between flock status and carcasses contamination was
not investigated thoroughly in the present Campylobacter baseline
survey. On the other hand, other studies pointed to or speculated
a relation between food quality and hygiene management and
Campylobacter contamination in the meat processing sector.
Sampers et al. (2010) compared the scores of food safety manage-
ment system (FSMS) activities in two chicken meat preparation
plants in Belgium. They concluded that the scores of FSMS are
correlated to the overall contaminationwith Campylobacter, as well
as with some other microbial indicators (e.g. Escherichia coli and
Enterobacteriaceae). Stern and Robach (2003) speculated that
HACCP implementation in U.S slaughterhouses might have led to
a reduction in Campylobacter spp. on processed poultry products.
Also a recent French study pointed that factors related to poor
performance of slaughter operations, like increase of temperature
in the evisceration room and presence of visible dirty marks,
increased the odds of producing Campylobacter positive broiler
carcasses (Hue et al., 2010). These studies, together with our
conclusion on a possible relationship between slaughterhouse
operational hygiene inspection scores and Campylobacter contam-
ination in broiler carcasses, show that enhancing slaughterline
operations could offer an opportunity for Campylobacter risk miti-
gation. Such proposed enhancement can contribute to the risk
management goal of reducing human illnesses, notably attributed
to carcasses from premises with insufficient operational hygienic
performance.

A careful investigation of the present baseline data could allow
us to define a correlation between slaughterhouse D and older age
birds. These older birds were either from organic or free-range
flocks. Van Overbeke et al. (2006) indicated that Campylobacter
infections at slaughter were significantly higher in Belgian organic
flocks compared to conventional broilers. In their study, organic
flocks were most probably infected with Campylobacter between
week 7 and week 10. The production system of free-range or
organic birds exposes them to increased contact with environment
and other possible sources of acquiring Campylobacter infection; for
example, to wild and domestic animals, insects and soil (Newell
and Fearnley, 2003; Rivoal et al., 2005; Wieland et al., 2005).

Our results show that there was a significant increase in the
prevalence and concentrations of Campylobacter in broiler
carcasses in relation to only selected months in the year 2008 (June
and September) rather than an associationwith the whole summer
period (as compared to carcasses sampled in January). There is no
clear justification for such finding, and based on it we can not
conclude a seasonal trend (rather than monthly peaks) in
Campylobacter contamination in the year 2008. However, other
studies showed an increasing trend of Campylobacter prevalence in
chickenmeat in associationwith the summer periods (Guerin et al.,
2008; Habib et al., 2008; Jore et al., 2010). Some studies speculate
that the seasonal variation in Campylobacter colonization in broilers
would be temperature-related or associated with the abundance of
flies (serving as mechanical carriers) inwarmmonths (Guerin et al.,
2008). Also the tendency of increasing ventilation rate of broiler
houses in the summer months (which implies increased contact
with outdoor environment) might play a role (Hald et al., 2008;
Hansson et al., 2007; Jore et al., 2010).

In conclusion, in the present study we demonstrate how
outcomes from baseline survey could be coupled with other readily
available data from national control authorities in order to have
a better insight over Campylobacter contamination status from
different broiler slaughterhouses. Our results demonstrate a rela-
tionship, however might not be causal, between slaughterhouse
operational hygiene and quality management on one hand and
Campylobacter carcasses contamination on the other. Findings from
this work call for subsequent in-depth research on technical and
hygiene-related factors that could impact Campylobacter contami-
nation levels in broiler slaughterhouses. Added to that, the corre-
lation between Campylobacter flock positivity status, intestinal
contamination level, and the concentration of Campylobacter and
proportion of positive carcasses needs to be studies further.
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