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ABSTRACT

A European Uniotwide baseline survey o@ampylobacterin broiler batches and on broiler carcasses was
carried out in 2008. From eadf the 10,132randomly selected batel pooledcaecal contentsamplesof
slaughtered broilaerweretaken in 561 slaughterhouses an@mined foithe presence adtampylobacterFrom

the same bat@sone carcass was collected after chillifigm whichneck skin together with breast skin was
examined for the presence @fampylobacterand the Campybbacter count was determined Multivariable
regression analysshowedthata Campylobacterccolonised broiler batch was about 30 times more likely to have
the sampled carcagntaminated withCampylobacter compared to a necolonised batchAlso, a highe
Campylobactercount on carcassesas strongly associated witlCampylobactercolonisationof the batch
Contaminated carcasses could also derive fromaodonised broiler batcheBoth therisks for Campylobacter
contaminated carcasses dnd Campylobater colonisationof batchesncreasedvith the age of thaelaughtered
broilersas well a-during certain months of the yeawith the period July-September beinthe quarter at most
risk. Processing later during the dacreased the riskf Campylobactercontaminationof carcassesBatches
originating from previously thinned flocks were more at risk of being colonisedGeithpylobacterThe risks

for contamination of carcasses wi@ampylobacter for higher Campylobactercounts on carcassemsd for
colonisation of batches withCampylobacter all varied significantly between countries and between
slaughterhousewithin countries even when other associated factors were accountednfastigation of the
culturemethodresults used to estimate the prevagen€Campylobactecontaminated broiler carcasses showed
thatthe diagnosticsensitivityof the detection teshay have varied between Member States.
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SUMMARY

A European Uniofwide baseline survey ocampylobactein broiler batches and cbiampylobacter

and Salmonellaon broiler carcasses was carried out in 2008otal of 10,132 broiler batches were
sampled from 561 slaughterhouses in 26 European UMember Statesplus Norway and
Switzerland From each randomly selected batitte caecal contents of 10 slaughtered broilers were
collected, pooled and examined the presence datampylobacterFrom the same batcbne carcass

was collected after chilig from whichthe neck skin together with the breast skin was examined for
the presence ofCampylobacteror Salmonella and to determire the Campylobactercount
Campylobactemwas detected inpooled caecal contents bfoilers and on broiler carcassesaih
participatingcountries. Theesults of theanalysis ofCampylobacteand Salmonellaprevalencenave
alreadybeenpublished by the European Food Safety Authority on 17 March 2010 in the Part A
report. The present Part B repogrovides theresults of the associatian of eight batch or
slaughterhousdevel factors andCampylobactercolonisationof batches and/or contamination of
carcassesThe investigated prevalence was the observed prevalence, meaning that the prevalence
estimates did not account famperfect test characteristicén addition, further analyses of the
identified Campylobacterspeciesdistribution across the UtopeanUnion, and the results of the
diagnostic sensitiwt investigation of the detectionmethod used toestimate the prevaleacof
Campylobactecontaminated broiler carcassase includedn the current reportA Part Breport on
Salmonellawill be published at a later stage.

Multivariable regression analysghoweda strong positive associatiorat EiropeanUnion level
betweenthe likelihood of Campylobacteicontaminationof broiler carcassewith the presence of a
Campylobactercolonised batchA Campylobactecolonisd broiler batch was about 30 times more
likely to have tle sampled carcassontaminated withtCampylobacterconpared to a nowolonised
batch Also, ahigherCampylobactecount on carcasses was strongly associated@éthpylobacter
colonisationof the batchThesefindings indicated a importanteffect of Campylobactecolonisation
of broiler flocks on both the fequency of occurrencas well as orthe contaminatiorlevels of
Campylobacteron carcasseContaminated carcasses could also derive fromaanbonised broiler
batches, suggesting a potential for crogatamination in the slaughterhouse environment.

The analyses further showed that the riek Campylobactecontaminated carcassigxreasedvith

the age of the slaughtered broilers, witlocessing lateduring the day and during certain months of

the yearwith theperiodJuly-September beinthe quarteat most risk The analyses also showed that

the time (in hours) between sampling and testing increaseiskhef detectingCampylobactefrom

the carcass samples. For courgrgups having grevalencdower or higher than th&U median,

there was vaadition in the factors found associated willampylobactercontaminationof broiler
carcasses and also in the level of importance of these factors. More factors were significant for the
group of countries having a higher prevalence.

The risls for contaminatn of carcasses witGampylobacteiand forhigher Campylobacteicounts

on carcassesaried significantlybetween countries and between slaughterhouses within countries,
even when other associated factors, such as the prevalamnggylobactecolonised batees were
accounted for. These findings indicate that certain slaughterhouses are more capable than others in
preventing Campylobacter contamination and in controlling the contamination and/or the
Campylobactercounts on the carcasseghis implies that shughterhouse processing offean
opportunity forCampylobacterisk mitigation

Factors that were included in the analydmit which were not significantly associated with
Campylobactecontaminatiorof carcassewere flock production typehinning of focks capacity of
slaughterhouse, type of chilling of the carcass, &alinonellacontamination results on the broiler

4Two nonMSs, Norway and Switzerland, were included to calculate the EU median prevalence.
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carcassMoreover, the analyses of tligampylobactercontaminationcarcasseshowed that, in the
case of Campylobactenon-colonised brider batches, 18% of the unexplained variance (in
Campylobactecontaminationresults) was attributable to slaughterhespecific factorsfor which

no data were gathered during the surv&pr Campylobactecolonised broiler batches, this
proportion was tgher (50%).In the case of the analyses of the counts on contaminated cardasses, t
only potential risk factor was th@ampylobacteicolonisationstatus of the batchactors that were
included in the analysisut that were not significantly associateditiv higher counts of
Campylobactepn carcassesvereflock production typethinning of flocks age of broilers, quarter of
sampling, time (hour) oprocessingduring the daytime (in hour9 between sampling and testing,
capacity of slaughterhouse, typ€ chilling of the carcass, an8almonellacontamination resuton

the broiler carcas$:or some of the factors the power of the analyses was low due to too few samples
in some specific categories.

Theanalyses of thbatchlevel prevalence surveshowedthatslaughter batches of previously thinned
flocks were at a significantly higher risk of colonisation lyampylobacter Age of broilersalso
emerged as a risk fact@andthe risk ofCampylobactecolonisationof batchesncreasedvith the age

of the slaightered broilers and during certain months of the,ye#h the period July-September
beingthe quarter at most riskhe analyses also showed that the time (in hours) between sampling
and testing increased thisk of detectingCampylobacteffrom the cacal contents sampleshere

was ho variation in the factors found associated @iimpylobacteicolonisationof broiler batches

for countrygroups having a lower or highegprevalencethan the EU median. The risk of
Campylobactercolonisation of batches a&lo varied significantly between countries and between
slaughterhouses within countries, ewvemen other associated factors were adjusted for.

Factors that were included in the analydisit which were not significantly associated with
Campylobactercolonisationof batches weréock production type and the time (hour) of sampling
during the dayFor some of these factors the power of the analyses was loto doe few samples
represent in some specific categoriboreover, the analyseshowedthat 25% of unexplained
variance (inCampylobacteccolonisationresults) was attributable to slaughterhespecific factors
for which no data were gathered during the survey

Investigation of theculture method results used to estimate the prevalenceCampylobaatr-
contaminated broiler carcasses showed tiatliagnosticsensitivity of the detection teshay have
varied between Member Stat@husthe true prevalence @@ampylobactecontaminated carcasses
might be underestimated for some Member Sta@lessequetly, cautionis neededvheninterprding
the results of the WopeanUnion level analysesof factors associated with thgrevalence of
Campylobacteccontaminated broiler carcassesd of Campylobactecolonised broiler batches,
because the analyses did notrect for test (misclassification) bias

It is recommended thatMember States considethe factors found to be associated with
Campylobactercontaminated broiler carcasses and/or ddmpylobacteicolonised broiler batches

at EU level in this surveywhen they are designing natior@hmpylobacteicontrol programmes for
broiler meat or broiler flocksAn integrated control programme thaddresses both the primary
production and the slaughter process would seem impertantin strategies to prevent eeduce
subsequent contamination of the broiler carcass and to improve protection of public health. Further
national studies to identify more closely, at batahd slaughterhouskevel, the factors that put
broiler batches and carcasses at risk of becpm@spectivelycolonised or contaminated with
Campylobactein a countryare recommended he standardisation of the time between sampling and
testing as well as of the quality control of laboratory testing methetieuld be considered of
importance byMember Statesvhen designing nationaCampylobactercontrol programmesin
particular, it is recommended thdflember Statesinvestigate further the sensitivity of the
Campylobactedetection methad
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BACKGROUND

Regulation (EC) No 2160/2008n the control oSalmonellaspp.and other specified zoonotic agents
provides for the setting of Community targets for reducing the prevaler8arabnellsserovars with
public health significance in food/animal populations.

Upon a request from the Eurgn Commission, the European Food Safety Authority (EFSA) adopted
a A R efphe Mask Force on Zoonoses Data Collection on proposed technical specifications for a
co-ordinated monitoring programme f&almonellaand Campylobacterin broiler meat in the B

(EFSA, 20070 .

Previously, a Commission Task Force sifientific experts in collaboration with EFSA prepared
technical specifications for a baseline study on a harmonised monitoriPangbylobactein broiler
flocks.

Based on the EFSA proposal and thamnission technical specifications, the Commission adopted
Decision 2007/516/E€ of 19 July 2007concerning a financial contribution from the Community
towards a survey on the prevalence and antimicrobial resistanCangpylobacterspp. in broiler
flocks and on the prevalence @fampylobacteispp. andSalmonellaspp. on broiler carcasses to be
carried out in Member Statg$/1Ss). This large survey consisting of two subveys started on

1 January 2008 for a period of t#nths.

TERMS OF REFERENCE ASPROVIDED BY THE EUROPEAN COMMISSION

The Commission requested EFSA, on 2 April 2008, to analyse the results of the baseline survey on
Campylobacterspp. in broiler flocks and oi€ampylobacterspp. andSalmonellaspp. on broiler
carcassesn particular:

EFSA isasked to analyse the results of the baseline survé&ampylobactein broiler flocks and on
CampylobacteandSalmonelleon broiler carcassem particular:

« to estimate theprevalence ofCampylobacterspp. in broiler flocks and the prevalence of
Campyldacter spp. andSalmonellaspp. on broiler carcasses MSs and atthe level of the
European UnioEU), and

e« to assess quantitatively the risk factors f@ampylobacterspp. in broiler flocks and
Campylobactespp. andsalmonellaspp. on broiler carcassbased on the information collected

® Regulation (EC) N0.2160/2003 of the European Parliament and of the Council of 17 Novemben2B@3ontrol of
Salmonellaand other specified foeborne zoonotic agents, OJ L 325, 12.12.2003, p.1.

® Commission Decision of 19uly 2007 concerning a financial contribution from the Community towards a survey on the
prevalence and antimicrobial resiste of Campylobacter spp. in broiler flocks and on the prevalence of
Campylobactespp. andSalmonellaspp. in broiler carcasses to be carried out in the Member Stafed 190,
21.07.2007, p. 25.
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ANALYSIS
1. Introduction

This report (part B) describes the results of a baseline survey carried out in the EU to estimate the
prevalence ofCampylobacterin broiler batches and d€ampylobacterand Salmonellaon broiler
carcasses at slaughterhouse level. This survey was the sixth in a series of baseline surveys carried out
within the EU and it was the first baseline survey directly investigating foodstuffs. The objective of
the survey has been to obtain comparable datalfdviSs through harmonised sampling schemes.
According to Article 5 of Directiv003/99/EC of the European Parliament and of the Council of 17
November 2003 on the monitoring of zoonoses and zoonotic Agesish surveys may be
established, especiallyh&n specific needs are identified, to assess risks and to establish baseline
values related to zoonoses and zoonotic agents at the level of MSs. Results of such a survey will
inform of the need of Communitwide intervention.

A scientific report of EFSA ont h e AAnal ysi s of t he baseline S
Campylobactein broiler batches and @€ampylobacteand Salmonellaon broiler carcasses, in the

EU, 2008, Part A Campylobacterand Salmonellapr eval ence esti mawags o ( EI
published @ 17 March 2010.The part A report included thestimationof the prevalence of
Campylobacterolonisedbroiler batches, ofCampylobactecontaminatedobroiler carcasses and of
Salmonellacontaminated broiler carcasses; the analyses @angpylobacteenuneration results on

broiler carcasses as well as the analyses of the most frequently ideGtfiguylobacteispecies in

broiler batchesndCampylobactespecies an8almonelleserovars on broiler carcasses.

Two part B reports are produced regarding ligiseline survey. Thpresenteport part Borovidesthe

EU level analysesof factors associated wit&ampylobacteicolonised broiler batchesand with
Campylobacteccontaminatedbroiler carcassesfurther analyses of thédentified Campylobacter
speciesdistribution across the EUas well as the results of the investigation of the diagnostic
characteristicsof the detection and enumerationethods appliedo estimate the prevalence of
Campylobacteccontaminated broiler carcasses second, separate part Bport will describe the
analyses of factors associated whlmonellacontaminatedoroiler carcassesas well as more in
depth analyses @almonellaserovar distributions, and will be published at a later ddte.results of

the antimicrobial susceptiiiy of the Campylobacteand Salmonellasolatesfrom the survewill be
evaluated, in accordance with Article 9 of Directive 2003/99/EC, in the annual report on trends and
sources of zoonoses, zoonotic agents and antimicrobial resistance in the EUltipaan

The slaughterhouse survey was carried out over ayeae period, startingn January 2008The
sampling was based on a random selection, both regarding slaughterhouses, sampling days each
month and which batches are to be sampled on a selected day.

The objectives, sampling franad methods of bacteriological analys&s well as the collection and
reporting of data, and the timelines of this baseline survesre specified in Commission
Decision2007/516/EC.

Twenty-six EU MSs participated in the uey. Greece did not carry out the survey. In addition, two
countries not belonging to the EU, Norway and Switzerldmete@fterreferred to as neMSs),
participated in the survey.

7 Directive 2003/99/EC of the European Parliament anti@fCouncil of 17 November 2003 on the monitoring of zoonoses
and zoonoticagents amending Council Decision 90/424/EC and repealing Council Directive 92/110HC.325,
12.12.2003 p. 31.
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2. Definitions
In the scope of this baseline survey and report the follodéfigitions werddentified
Broiler: a male or female chicken raised specifically for meat produatidintendedfor slaughter.

Broiler batch: a group (or batch) of broilersvhich have been raised in the same flock and which are
delivered and slaughted on one single day.

Broiler carcass: the body (or carcass) of a broiler collected after slaughter, dressing (plucking and
removal of the offal), andmmediately after chillingbut before any further processjnguch as
freezing, cutting or packaging

Campylobacter all Campylobacteispp. which can be isolated by the prescribed culture techniques.
These techniques include incubation at 42°C, hence the term thermophilic campy{gbacter
commonly used.

Campylobactercolonised broiler batch a broiler b&ch from whch Campylobacterspp. was
isolated from the intestines of at least one broil€his isolation is based on detection of
Campylobacterspp. from a pooled sample composed of the caecal contents from 10 broilers
belonging to the batch using theepcribed culture method.

Campylobacter and/or Salmonellacontaminated carcass: a broiler carcass from \idh
Campylobactespp. and/oSalmonellaspp.wasisolated.

(Diagnostic) sensitivity: means theconditional probability thata Campylobactecontaminagd
carcaswill be positive for the particulasurveytest

(Diagnostic) specificity: means theconditional probability tha Campylobactenon-contaminated
carcaswill be negativefor the particular survey test

Prevalence: means the observed (appareptgvalence estimate that accounts for the aspects of
clustering and of weighting but not for imperfés) sensitivity or specificity.

Proportion (%) of positive units: means the number of positive units out of the sampled units and
does not accounbf any design aspecuch as clustering

3. Objectives

The primary aim of the surveyas to estimate the prevalence@impylobacterccolonised broiler
batchesand of Campylobacter and Salmonellacontaminated broiler carcasses, at EU level and for
each MS.The previously published Part A report described the results of the analyshe of
prevalence of Campylobactercolonised broiler batches of Campylobacteccontaminatedbroiler
carcasses and dbalmonellacontaminated broiler carcasses; the analyses ofCdmapylobacter
enumeration results on broiler carcassles analyses of the most frequently identifi@&mpylobacter
species irbroiler batchesandCampylobactespecies an&almonellaserovars on broiler carcasses.

The specific objectives related to tipiart B report were:

e to investigate the effects of factprehich may be associated witbampylobacteicolonised
broiler batchesat EUlevel;

« to investigate the effects ddictors, which may be associated withmpylobactecontaminated
broiler carcassest EUlevel;

e toinvestigate the association betwel@ prevalence dEampylobacteicolonised broiler batches
andthe prevalence dfampylobacteicontaminated broiler carcasses;
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e to investigate the slaughterhoesgecifc effects onCampylobacteccolonisal broiler batches
and onCampylobacteicontaminated broiler carcasses;

« to investigate the effects of factokghich may be associated witlounts ofCampylobacteon
contaminated broiler carcassas EUlevel;

« toinvestigate the@entified Campylobactespeciesdistribution across the EU

« to investigate the impact of thdetection and enumeration diagnostic test characteristics on the
estimated prevalence Gampylobactecontaminated broiler carcasses.

4, Materials and methods

A detailed description of thelesign of the baseline survey, sample design, sample sizes and
bacteriological analyses is found in Commission Decision 2007/516/EC and in the Part A report.
Aspects of the survey design, laboratory analysis, and data of particular relevance to datazathlys
interpretation are described here.

4.1. Survey design

The survey took place ithe EUbetween January and December 2008 and was conducted at broiler
batch level in slaughterhouses, focusing on birds entering the food®chHaénsampling of broiler

batches was based on a random selection of slaughterhouses, sampling days in each month and the
batches to be sampled on each sampling @iag. randomisation scheme aimed at selecting broiler
batches proportionate to the number of broiler flocks, fattened dingaio the different production

types (conventional, freenge or organic), and avoiding the introduction of biases due to the
potential knowledge of thimfection status of the holding from vi¢h the broiler batch originated. In
addition, MSs were asked stratify sampling to ensure an even spread throughout the study iperiod
orderto investigate seasonal effects on the outcomes.

From eachrandomly selected batcthe intact caecal contents of 10 slaughtered broilers were
collectedfor the detection o€ampylobacterin addition fromthe same batglmnewhole carcass was
collectedimmediately after chillingbut before freezing, cutting or packaging, for the detection and
enumeration (determination of counts)@dimpylobacteandfor the detection oBalmonella At the
laboratory, the caecal contents from thiact caecdrom the 10slaughtered broilersere aseptically
removed and pooled to form one composite sampléhe case of the carcaghe neck skin was
removed, if present, together with thidn from one side of the carcass (breast skin) avoiding any fat,
to make a test portioetection and enumeration Gampylobactewere performed using the same
initial test portionfrom each sampled carcass.

Isolation and confirmation ad€ampylobacterganisms in caecal contents and on the broiler carcass
samples were undertaken as described in ISO 10272 0 06 ( E) OMi crobi ol ogy o
feeding stuffsd Horizontal method for detection and enumeratiorCaimpylobacterspp. Part 1:

Detection mdt o IS0, 2006a) At least oneCampylobacteiisolate per batch was speciated using
phenotypic methods as described in ISO 1022PD06(E) or published molecular methods such as
Polymerase Chain Reaction (PCR) techniques. The quantitative analySmmpyobacterin the

broiler carcass samples was carried out according to ISO/TS- 20272006 O Mi cr obi ol ogy
animal feeding stuff® Horizontal method for detection and enumeratiorCaimpylobacterspp.

Part2: Colonyc ount t @SOh2006) u e 6

The detection oBalmonellain the broiler carcass samples was carried out according to ISO 6579
2002 ( E) . OMi crobi ol ogy o0& Hdripootal meshoddfor the detexidn off e e d i

8 In Portugal, Malta and Switzerland no sampling was performettifee or more months (only for pooled caecal contents

samples).
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Salmonellas pp. 6 At | east one i seavhsayped byfthe dNational Refdrenceg o s i t i
Laboratorie{NRLs) for Salmonellausing the KaufmankVvhite scheme

Sampling management, laboratory analysis and data submission were carried out by the competent
authority of the MS or under its supervision.

4.2. Data deription

A detailed description of the validation and cleaning of the dataset carried out was provided in the
Part A report. The final cleaned dataseintained data from 9,916 broiler batches sampled in
559slaughterhouses for the survey Gampylobacterin broiler batches, and from 10,017 broiler
carcasses sampled from 560 slaughterhouses for the surn@gnmoylobacteron broiler carcases
sampled from 561 slaughterhouses26 MSs, and in two neNISs (Norway and Switzerland). The
number of samplesepoted for each suksurveydiffered slightly for five MSs Greece dichot carry

out the survey

4.3. Analysis offactors associated withCampylobacteipositivity

The general assumptions and framework of the statistical analysis carried out are reportediin detail
the Part A report. The effects of factors potentially associated@ethpylobactemere analysed at
batch and/orcarcasdevel. Factors were investigated to be associated with the observddvEl
prevalence, meaning that the prevalence estimateainted for the aspects of clustering and of
weighting but not forimperfect test characteristics. The observed EWel prevalence of
Campylobactercolonised broiler batches, or d@ampylobacteccontaminated broiler carcaes, was
defined as the proportioof positive batches, or, as tipeevalenceof positive carcasses processed
over the ong/ear period of the baseline survey, at EMel. In the analysis for this Part B report,
Norway and Switzerland aracludedin the EUlevel dataset.

4.3.1. Definition of the outcome variables

The following outcome variables were considered:

« Campylobactespp. colonisation of broiler batches, basedtmndetection method, as a binary
outcome variable (positive/negative)

« Campylobacterspp. contamination of broiler carcasdsssed onthe combined detection and
enumeratiormethodgqparallel testing): positiven eitherthe detection or enumeratianethod as
a binary outcome variable (positive/negatj\a)d

o Campylobactespp. counts on contaminated broiler carcasses.

In the Rart A report, prevalence oCampylobacterspp. (Campylobacter, Campylobacterjejuni
(C.jejuni) and Campylobactercoli (C. col) were presented. In this report tloaly considered
outcome variable wa€ampylobacterspp. This was because there is limitatbwledge on any
differences between the public health importance of the findings gdjuni or C. coli, whether in
batches or on broiler carcasses. Secondly, as reported in the Part A report, the speciation results were
not as robust as anticipatedbecaise in generalin the survey only one isolate per sample was
speciatedand this idlikely to fail in the indication ofsamples containing boi@. jejuniandC. coli.
Furthermore, the enrichment of samples in the deteatiethodmight havefavoured the ougrowth

of certainCampylobactespeciesanddifferent selective media and incubation periods were used by
the laboratories.Finally, isolates from the enumeration method were only to be speciated, on a
mandatory basisyhenCampylobactewas not detecteddm the same sample by detection method.
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However, at batch level, factors associated witlC. coli-colonised broiler batches weralso
investigated (binary outcome variable: positive/negative). The rationale for this analysis was that
broiler flocks havingoutdoor accesand outdoor standing water would more likelyto beexposed

to C. coli than flocks with nooutdoor accessThis hypothesis was underpinned by the results of a
casecontrol study cited inEFSA @Q010b) that indicated that recreational watems strongly
associated with human campylobacteriosis dueCtocoli. Furthermore casecontrol studies of
humans suggedtifferencesin some risk factors fo€C. coli and C. jejuni (Gillespie et al. 2002
Doorduyn et al.2010). Also extensivelyreared boilers tend to be slaughtered at an older age and
with time C. jejunicolonisation is replaced wit@. coli colonisation (EIShibiny et al., 2005).

4.3.2. Factors investigated

Data on factors potentially associated with #imvementionedoutcomes were collectedsing a
mandatory questionnaiféled out by the competent authorities under their supervisioat the time

of sampling in the slaughterhoudée relevant factors are listed in Table 1 and are destin detail

in Appendices B, F and Table 1 ao shows factors that potentiakplained the resultfor the
colonisation of broiler batches as well as for the broiler carcass contamination. Some additional
(optional) data and variables were collected on a voluntary basis by MSs. However, theoéffects
these optional factors could not be evaluated due to theatgaafrdata reported.

Table 1.Factors, collected by a questionnaire andootentially associated withCampylobacter
colonised batchesCampylobacteicontaminated broiler carcasses anfdr Campylobactercounts
on broiler carcassesfrom the baseline survey in the EU 2008

Broiler
Batch Carcass
Factors
Campylobacter Campylobacter Campylobacter
colonisation contamination counts

Flock production type

(conventional, fregange standard, fremnge X X X
organic, unknowrf)

Previous thinning of the flock

X X X
(yes, no, unknown)
Age of broilers (days) X X X
Date of sampling X X X
Time (hour) of sampling during the day X X X
Time (hours) between sampling and tesfing X X X
Capacity of slaghterhouse
(Number of broilers slaughtered per year in the X X
slaughterhouge
Type of chilling of carcasses X X
(air, immersion, spray )
Campylobactercolonisatiorresult in the broiler batch X X
Salmonellacontamination result on the broiler cass X X

*  Greece did not participate in the baseline survey and twdis) Norway and Switzerland, participated.

(a): In a conventional flock type birds are hodsé freerange flock system is a flock productitype where birds have
access tahe outside. An organic flock system is a production type that is similar to thedngesystem and that fulfils
the requirements setut for organic production; birds have accesdhe outside and areegistered with a recognised
organic standard regulatooyganisation

(bRecoded into a new variable équarter of samplingb
(c): Factor related to the sensitivity of the testing process
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During the data analyses certain decisions were made regardijapdieg and the use of recorded

factors Firstly,itwss deci ded not to investi gaselectivemediapot ent
used forCampylobacted et ecti oné because, a @and aseegptaingd @bvei n  t h
different selective media and different incubation methods were usedyav®s and laboratories.

Secondlyt he variable O0date of samplingbé was recoded
follows: first quarter- January to March; second quarteApril to June; third quarter July to

September; and fourth quarterOctober to December 2008. Thirdly, the age of broilers was
considered using a scale of 10 daysissess the risk @fampylobactecolonisationor contamination

by 10 day incrementd=inally, in the list of factors some categorical variables were includéchwh

have a natur al ordering, such as o6time (hour) o
6capacity of sl aughterhousesd. Some combinati on
characterised by sparse or no observations, resultiagrioblematic fit of regression models. Rather

than treating them as nominal, categorical variables, they were used as continuoussyafiable

having assignetleena score, corresponding to testimatednidpoint of each category, to reflect the
dsmnce between each category. This approach is i
samplingb. The parameter estimates correspondin
direction of the effect, without giving too much emphasis (prietation)on the size of the effect.

The factor O6time in hours between sampling and
sensitivity of the testing process and not a potential risk factor per se. Thevdferethis factor was

retained inthefinal regression model$heresults were not shown although it was useddjusthose

final regression models.

Table 2.Description of scores fort h e f tane thaur) of samplingduring the dayd

Time (hour) of Scores used inhe

Estimated midpoint

sampling models
<9 am 6:30 am 6.5
9-<l12am 10:30 am 10.5
12ami <3pm 1:30 pm 13.5
>3pm 5:30 pm 17.5
For the& i me i n hour s bet ween sampl ing and testing

<24 hours 24-36 hours 36-48 hours 4860 hours 60-72 hoursand 7280 hours. The scores used for
the 6capacity of the slaughterhoused6 are shown i

Table 3.Description of scores for thef a ¢ ttapacity 6f slaughterhousé

Capacity of the Es_tima_ted Logy, of midpoint Scores used in the

slaughterhouse midpoint models
<100000 50,000 4.70 4.7
100,000-499999 300,000 5.48 55
500,000-999,999 750,000 5.88 5.9
1,000000-4,999,999 3,000,000 6.48 6.4
5,000,000-9,999,999 7,500,000 6.88 6.9
>10,000000 15,000,000 7.18 7.2
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4.3.3. Exploratory bivariable analysis of potentially associated factors

A thorough description was made of the samples by all recorded factors or variables. Categorical
variables were analysed through frequency tables and bar graphs. Multiple bar graphs, by MS and for
the global EU dataset, were producedldityice packages in the R software. Quantitative variables
were described through measures of central tendency and dispersion such as mean and standard
deviation as well as median and first and third quartiles. Boxplots were used for graphical
visualisaton.

The association between each potelytiaksociatedactor and the outcome variable was visually
presentedy:

a) multiple bar graphs of estimatedequency counts oCampylobactepositive and-negative
broiler batches and carcasses, by MS and difféegets of categorical variables;

b) bar graphs of (weighted) prevalence and 95% confidence intervals, by different levels of
categorical variablegind

c) boxplots of quantitative variables f@ampylobactepositive and-negative broiler batches and
carcasses.

The asociation between each factor and the outcomes of inteersttestedseparately by Chi
square tests, Spearman correlation and CodWiaartelHaenszel Chgquare tests for linear trends.
Due to possible confoundihghese results should be intergmtcautiously and only within the
context of an exploratory analysis.

4.3.4. Identification of factors associated withCampylobactetpositivity

Multivariable regression analysis was applied to obtain adjusted estimates of the effect of factors
associated witlthe outcome of interest. The inclusion of multiple factors (predictors) in a regression
model allows the adjustment for confounding that may result from association ameefatters.
Multivariable regression analyses were carried out atl&kel. However,in order to investigate the
consistencyf analysesnade at EU levelesultsfrom countries wih prevalence below and above the
median E prevalencevere subjected tedditional analyses

4.3.4.1. Analysis of multicollinearity among potentially associated fector

Datawere further analysed for evidence of association among potentially associated factors, since
they may correlate with each othewr one may completely explain the association of another
(collinearity). The Variance Inflation Factor (VIF) was usedaaformal method to detect correlation
among risk factors (multicollinearity). This factor measures how much the variances of the estimated
regression coefficients are inflated compared to when the predictor variables are not linearly related.
Essentially each potential risk factor is used as the outcome in a regression analysis (described in
detail in Appendix A, section 3). A VIF value that equals 1 ind#tat thereis no correlation
among risk factors, whereas VIF values greater than 1 indiaaterrelation. VIF values exceeding
10are interpreted as an indication of strong multicollinearity.

9 In bivariate analysis, a potential risk factor might appear to be associatedamitylobacter colonisatidgrcontamination
solely due to its association with another risk factor. Confounii, therefore, the oveor underestimation of the effect
of a potential risk factor due to its association with other risk factors. In order to eliminate confounding, and talitain v
estimates of the effect of risk factors, an adjustment foradhe € oundi ng variable 6MSd is neces
by multivariable regression analysis. In certain cases, however, two or more potential risk factors may be so strongly
associated that separate estimates of their respective effects cannotibedohh this case, the term collinearity or
multicollinearity is used.

1°Two nonMSs, Norway and Switzerland, were included to calculate the EU median prevalence.
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4.3.4.2. Statistical model

Given the use of a binary outcom@afmpylobactepositive or-negative status of broiler batches or
carcassesyith only two, mutually exalsive values (which were coded as 1 when the survey test was
positive and Mtherwise) logistic regression was the model of choice. However, as previously
performedin the prevalence estimatiorRgeport part A EFSA, 2010a)certain datgropertiemneeded

to be taken into account in the analysibeTdata analysed originated from a complex survey design
andtheaspectslescribed in the following sectiamereconsidered.

4.3.4.2.1. Aspects of clustering and of weightin§results

The dustering of results could resuirom several factors. Biler batches/broiler carcasses, which

were the epidemiological units of the analysis, sampled at the same slaughterbolagsbave been
exposed to the same conditions and risk factors, including those on which no information was
available in the current survey but that might have been associateGamithylobactercolonisatiot
contamination. The rearing and grarvest processes, including comparable managerial and hygiene
practices of farming and transportation of broiler flgckre likely to bemore similar among broiler
batches processed in the same slaughterhouse than among broiler batches processed in different
slaughterhouses. Similarly, the contaminatiorQaynpylobacteof broiler carcasses processed in the
same slaughtbouse mayalso correlate because of common processing and hygiene conditions and
potential crossontamination. Therefore, the risk fdampylobactepositive samples collected at the

same slaughterhouse (including both broiler batches and broiler escassy be more similar than

for samples collected at different slaughterhouses and such obsenginons be considered as
independent observations in statistical analysis. Consequently, correlation among outcomes in those
batches/carcasses slaughteratl the same slaughterhousavhich induces extra variation
(heterogeneity) between slaughterhouses (clustees) taken into account in the statistical analysis

of the effects of risk factors by includinm the regression modeh slaughterhousspecific effect

(random intercept parameterwhich is a random variable representing the effect of factors shared by
batches/carcasses slaughtered at the same slaughtéffiootise outcome of interes€ampylobacter
slaughter batch colonisation or carcass amirtation). The assumption underlying this type of model

is that each slaughterhouse, and consequently each batch/carcass proceassthughiterhouse, is
characterised by a certain baseline level of risk of colonisation/contamination, regardless of the
exposure to factors considered in the suriieis noteworthy that the interpretation of the regression
coefficients(odds ratios OR9 in this model is conditional on thetaughterhousspecificeffectsand

that theycannot be interpreted as describpmpulatioraveraged effects of factor§his means that

the obtained odds ratios are to be integuetlative toslaughterhousekaving comparableisk
factors.Possible country confounding effects were also takiEraccount in the analyskyy including

the factor O6countryd as a f i x e-dffectssinddelsovere fittedt o t h e
with the effect ofthe slaughterhouse included asrandom effecand the effect othe country as a

fixed effect These mixedeffects models enabled investigating differences in the outcome
(Campylobacterslaughter batch colonisation or carcass contamination) between slaughterhouses,
within countries. More detailed explanations about how to take account of correlation among
observations in the statiséil analysis of the effects of risk factors can be foulHIhS A6 s O Report
the Task Force on Zoonoses Data Collection on the statistical analysis of temporal and spatial trends
of zoonotic ageni{(EFSA 2009&@.ni mal s and food©o

Weights were applieto theresults.This was becausénte sampl e size did not
broiler population size resulting innequal sampling probabilities (dfatches/carcasses) in the
countries Consequentlyfor the analyses of the effect of potential risk factarsights were applied

during the statistical analysis. The weight to account for disproportionate sampling of slaughtered

11 The "baseline risk of a slaughterhouse" corresponds to the slaughterhouse's randept,ibecause, by definition, the
intercept is the value of the outcome when all factors (predictors) in the model are at the baseline value.
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broilers within a country was calculated as the rafithe number of slaughtered bmi$ during a
year in a country anthe numbepf broilers sampled in the same country.

More detailed explanations on analytical methods are given in Appendix A.

4.3.4.2.2. Model building forCampylobactecolonisatiot-contamination, at Elevel

The full (initial) model investigatingCampylobactercolonisatiot-contamination included all the
main effects without any interaction terms (additive model). Next a weighted ragffiects model

was fitted, where the cluster correspedtb the slaughterhouse. One by one the factors whiare

not significant were disaaled (backward procedurgstartingwith the largest-value based on the
Type lll test( Wa | d & ©nlytthess factors withp-values smaller than 0.0Bere retained in the

final model. The significance of the random effeat@s tested using th&Vald te$¢ and a 50:50
mixture of Chi-square distributions with 0 and 1 degrees of freedom (Molenberghs and Verbeke,
2005)

For the analysisof the datafrom broiler carcasses, records for which the corresponding
Campylobactercolonisationresult and/or theSalmon#éa-contamination resultsvere missingwere
discarded

4.3.4.2.2.1Analysis of slaughterhousspecific association between theCampylobacter
contaminatioron the broiler carcasses and tbampylobacteicolonisationin the broiler
batches

Becauserisk factors might haw different effects in different slaughterhouseslaughterhouse
specific random slope was included in the logistic mixed-effects models - for those factorsthe
effectof whichwas expected to vary across slaughterhouses

One suchfactor was theCampylobactercolonisation result within the batches. Therefore a
slaughterhousspecific random slope wasadded to the mixedeffects model for the factor
fiCampylobactecolonisationresult in the batchés This allowedthe investigaion of the variation

acress slaughterhousgesf the association between batch colonisatind carcass contaminaticiny

data of broiler carcasses, for which tt@respondindpatchCampylobacteicolonisationresultswere

missing, were deleted from the datadet.addition the ®variance between the slaughterhouse
specific random intercepts and random slopes was investigated to measure the (linear) dependence
between these two random variables.

The quantification of the association between@aenpylobactercontaminatiorresult o the broiler
carcasses and th€ampylobactercolonisationresult in the broiler batches, wasdertakenby
investigating the OR covered in the final EU level model for carCasspylobactecontamination
with the Campylobacteicolonisationresult in thebroiler batches as an explanatory variable for the
carcass outcome.

With the aimof visualising the variability between slaughterhouses with respect to random effects
(random intercept and random slope)s estimated by thefinal model for Campylobacter
contamination of carcasses,a scattgolot was produced that displayed for every surveyed
slaughterhouse two specific estimates

« theslaughterhousspecificbaseline effegtwhich is the sum of the countspecific(fixed) effect
and theslaughterhousspecfic effect(the random interceptyvhile keeping the otheiactorsat a
fixed level; and
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« theslaughterhousspecific effect of the factorCampylobactercolonisationof the broiler batch
(therandom slope).

Each slaughterhouse was marked with a dot or angie according towhetherits estimated
prevalence oCampylobactercolonised broiler batchegsasaboveor below50%, respectivelyA line
further represented thealues forthe two parameters (random intercept and slope) resulting in a
prevalence o€ampylobactercontaminated broiler carcasses of 50%.

4.3.4.2.3. Analysis of thevariance explained by the slaughterhouses

According to the outcome of thendomeffect modelsthe total variability could besplit into two

parts: one partxplained by the factorand a emaining unexplained part. The latienexplained
varianceis due to factorfor which no data were gathered during the survey. This unexplained
variance wasfurther investigated to quantify the proportion attributable ramdom effects
(slaughterhousspeific effecty. Therdore, the intraslaughterhouse or int@uster correlation
coefficient (ICC) was estimatednd was approximateds the sum of the variance of the random
effects and the variance of the standard logistic density (Molenberghs and &/e20€5). This
coefficient could be interpreted as the proportion of the variance, which was unexplained by the
investigated factorbut which could be explained by the random effedthe ICC provided for the
proportion of unexplained variance that waspragimately attributable touninvestigated
slaughterhousspecific factors An ICC ranges between zero and one and corresponded respectively
to scenarios of low (closer to zero) or high (closer to one) propsmibanexplained variance that
was due to nadom effects (slaughterhouspecific effects, betweeslaughterhouse variability). In

the latter case th€ampylobactecolonisationresults of batches dCampylobacteccontamination
results of broiler carcasses within a slaughterhouse were very mudhatesdalike). Details on the
calculations of the ICC in the context of the used randffects models are presented in Appendix J.

4.3.4.3. Model building for counts o€ampylobacteon Campylobactecontaminated carcasses at
EU level

A detailed description of 8hCampylobacteenumeration results on carcass samplasprovided in

the Part A reportEFSA, 2010a As an exception in this baseline survey, Luxembourg did not
performCampylobacteenumeration on carcass samplf@serall (for MSs and the two nehISs), the
percentages ofroiler carcass samples with enumeration results (cfu/g of neck skin together with
breast skin) below 10, between-29, between 16999, between 1,0000,000 and above 10,000
were 49.1%, 11.68%, 18.8%, 15.26 and 5%, respectivelyThe median count for carcass samples
having at least 1 cfu/g, w&80cfu/g.

Given the count outcome variablBoisson regression was the model of choicehe analyses
However,the data werenot optimal for suchmodds due tooverdisper®n. This means ttighe data
values were notrandomly distributedacross allof the abovementioned categories of counts.
Therefore anegative binomial mixed-effects model was fittednstead

Furthermore with the aimof evaluating factorspecifically associated with igher Campylobacter
counts on broiler carcasseswas decided to use ontlata onsamples from which countable results
(at least 1 cfu/g) were obtainedonsequently, from the total datd$ef 10,004 carcass samples with
enumeration resultgt9% of therecords were discardetoreover, for this analysis the daf@m
broiler carcasses, for which the corresponddagmonellacontamination results &ve missing, were
deleted from the datasén. the finaldatase6,074 carcass samples remained.

12 Exceptionally in Luxembourg nGampylobacteenumeration was executed in broiler carcass samples
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During the aalysis model convergenceroblems were encountered because of the wide range in
counts between 1 and 1,700,000,00 deal withthis statisticalissuethe highest count valuegere

recoded and se&tqual to the 99% quantile of the distributiavhich was150,000 Fifty count values

(1% of the dataset) were thus recoddthis data transformation assumed that, in addition to
overdispersion, there would also be an issue of measurement error: thus, the precise value of those
very high counts was not considéras important in itself, but it was just the indication of a very high
count.

Regarding model buildingan analogous strategy was implementesl for the prevalence models
First, a full (initial) modelinvestigated all the main effects without any intéiac terms (additive
model). Next a weighted randeeffect model was fitted, where the cluster correspdnd the
slaughterhouse. One by one the factors which were significant were discarded startimgth the
largestp-value based on the Type lll t&Va | d 6 sOnly thes facjors withp-values smaller than
0.05wereretainedin the final modelThe significance of the random effect was tested usingvle
testand a 50:50 mixture of li-square distributions with 0 and 1 degrees of freedom (Melghis
and Verbeke, 2005)

4.4, Descriptive investigationof the Campylobactedetection and enumeration methods test
results of broiler carcass samples

Diagnostic tests are not completely accurate and dutedb characteristics fosensitivity and
specificity being lower than 100%ome sampleare misclassifiedo give falsenegative or false
positive results respectivelyThis is also the case fall detection methodthat have anmperfect
diagnostic sensitivity (Gardner, 200#0d thus results from a micriological survey can only provide
anindicationof the observed prevalencén observed or apparent prevalence estimate does not take
account of imperfect test sensitivity or specificity.

In order b improve theinterpretation of thestimated EUevel andMS-specificobserved prevalence

of Campylobactecontaminated carcassest out in Reporpart A an investigation was carried out

on the impactof possiblesurvey method(test) classification biagn the observed countspecific
prevalence ofCampylobater-contaminated carcasse$his was done by a detailedescriptive
analysis of theCampylobacterdetection and enumeration methods test results of broiler carcass
samplesby country

4.5, Analysis of Campylobactespecies frequency distribution

The prevalene of Campylobactercolonised batches andf Campylobacteccontaminated broiler
carcassesvas descriptivelycompared with theotification rats of human campylobacteriosis cases
as reported in the Community Summary Report on Zoonoses in 2008 (EFSA, .28EacYhe
identified Campylobactespecieddistribution in colonised broiler batches and on broiler carcasses,
was descriptively analsed across the EWy the production type (conventional, fresnge organic
and freerange standard)f the flock of orign.
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5. Results

5.1. Factors associated withlCampylobactetpositivity

5.1.1. Analysis of factors associated wittCampylobactefcolonised broiler batches
Univariate description and bivariate associatiactors potentially associated witampylobacter

colonised broiler Atchesare presentedn full in Appendix B(Tables #-25 and Figures 1-19). The
most relevant information is also dispédyin the following.

5.1.1.1. Descriptive analysis of factors potentialgssociated withCampylobactecolonised
broiler batches

5.1.1.1.1. Previous thining of the flock

The weighted prevalence @ampylobacteicolonised broiler batches was higher for batches from
previously thinned flocks than those from rhinned flocks (Figure 1).
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Figure 1.Prevalence of Campylobactercolonised broiler batches by previous tmning in the
flock outcome in the EU, 2008

*

Greece did not participate in the baseline survey and tweMs) Norway and Switzerland, participated and are
included in this analysis.
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5.1.1.1.2. Age of broilers

The median aga daysof broilers inCampylobacteicolonised broiler batches was greater than the
median age of broilers in naolonised batches (Figu®. Thus, Campylobacteicolonised broiler
batches tended to have older bir@isere werealsoa considerablewumberof outliersfor the age
especially irnthe colonisedbatchegyroup.

5.1.1.1.3. Quarter of sampling

Figure 3 displays a bplot of the weighted prevalence Gampylobactercolonised broiler batches
within different quarters of sampling during the year 2008, and their correéagd®®o confidence
intervals Prevalencevas highest in the summer period: July, August and Septertiier uarter),
and the lowest in the first three months of the y&est Quarter).

100 120 140
| | |

Age of broilers (days)
80

40

20
l

Negative Positive

Campylobacter result in the broiler batch

Figure 2.Boxplot of the age of broilers byCampylobactetcolonisationresult in the broiler batch,
2008

* In the boxplots, thdottom section of the bosepresents the first quartile of the distribution andttgesection of the
box the third quartile, whereas the bar inside the box represents the median. Small circular symbols indicate extreme
values, dfering from the box >1.5 times the difference between the third and the first quartile (interquartile range).

5.1.1.2. Analysis of multicollinearity among potentially associated factors related to
Campylobactexcolonised broiler batches

The VIF values calculatedor the multicollinearity analysis among the factors associated with
Campylobactecolonisationin broiler batches (namely flock production type, previous thinning in the
flock, age of broilers, quarter of sampling, time (hour) of sampling and hoursdresaenpling and
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testing) are presented in Tablé @Appendix C).This analysis showed that multicollinearity was
not important for théull modelsince all the VIF values were very small.

100

80

Prevalence of Campyfobacter spp. colonised brailer batches (%)
40

1998 2584 2586 2748

Guarter of sampling

Figure 3.Prevalence ofCampylobactercolonised broiler batches by quarter & sampling in the
EU’, 2008

* Greece did not participate in the baseline survey and tweM&s) Norway and Switzerland, participated and are
included in this analysis.

5.1.1.3. Identification of factors potentially associated wi@ampylobactecolonised broiler
batches

A full randomeffect modelwas fitted includingall the availablefactors; country, lbck production
type, previous thinning in thigbock, age of broilers, quarter of sampling, time (hour) of sampling, and
time in hours between sampling and tegtiThep-values for flock production type and time (hour) of
samplingduring the dayvere not significant; hence they were discarded from the maedeldoon the
backward procedure.

The following potential risk factors faCampylobacteicolonised broiler btcheswere retained in the
final logistic mixed-effectsmodet

e  previous thinning in the flock of origin

e age of broilers (at sampling)

e (uarterof sampling

The OR estimates for factors in the final model at EU level are preserkadley.
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Table 4.Final logistic mixed-effect model @ for factors associated withCampylobactercolonised

broiler batches,in the EU’, 2008

Factor Level Odds ratio** 95%Cl P-value
Previougthinning in the flock Unknown 1.02 0.75 1.37 <0.0001
Reference categorio Yes 1.74 1.36 224
Age of broilers(scale 10 days) 1.98 1.66 2.35 <0.0001
Quarter of sampling v 2.17 1.66 2.85 <0.0001
Reference category: i 4.07 3.09 5.36

I 2.10 1.64 2.69

(a): Estimates and standard errors were assessed using aeffeegimodel withthe effect of slaughterhouséncluded as a
random effec{ random intercegda n d wi t h t h eincfudedas afixed éffecd unt r y 6

* Greece did not participate in the baseline survey and tweM#s) Norway and Switzerland, participated and are

included in this analysis.

** All ORs were adjusted for thé a c tcountgpbad d Ot i me

retained in the final model

In Table 4, an OR >1 indicates that exposure to the factor increases the riSkngbybbacter

n

hour s

b e whick weme bstta mp | i ng

colonisation whereas an OR <1 indicates a negative association between the factor and colonisation.

An OR equal to 1 indicates no effect of the factorGampylobactercolonisation Consequently, if

the 95% confidence intervéCl) of the OR doesot comprise 1, meaning that both the lower and the
upper limits are either greater, or less than 1, it can be concluded that the association with a potential

factor and Campylobacteris statistically significant F-value <0.05). The final model included
f time (in dvaurs) between sampling and teshingt h a t
the sensitivity of the testing process (effectssimwn).A longer delay increased thisk of detecting

country-specific effects and h e

Campylobactefrom the batche€DRsare adjuste for the effects of both factors.

Batches originating from previously thinned flocks wera higher risk of colorsation compared to
nonthinned flocks Also, batches of older broilers were more at risk of being colonised than batches

r el

with younger bird and the risk augmentég a factorof two for every increase of 10 days in the age

of the slaughtered broilers. Lastlyroder batctes were more likely to befound Campylobacter
colonised in the second, third orufth quarters of the year compared be first quarter (January
March). The batches were most likely to be cddedin the third quarter (Julpeptembeér

The variance of the random effedisffect of slaughterhouse&) the final regression model was

significantly differentfrom zero P-value <0.001, Appendix C, Table 27)This indicatedthat te

baseline risk ofCampylobactercolonisationof slaughter batchegaried between slaughterhouses

even wheraccounting forother factord.e. previous thinning in the flock, age of the broileysarer

of samplingand t he

an overallhigher prevalence and slaughterhouses aitloverallower prevalence o€ampylobacter

f a. €dnsequendiyyithin cotintrigsfhere were slaughterhouses with

colonised batched.he proportion of variance (i@ampylobactercolonisationresults) that remained

unexplained by the investigated factansd that was due tohetweerslaughterhouseariability was

25% (Table 5) Thus, one fourth of thenexplainedvariancewas attributable to slaughterhouse
specificfactars for which no data were gathered during the survey.

An additional complementary analy$alowing the abovanoddling approach was made to compare

the full model results folCampylobacteicolonised broiler batchdsetweentwo groups of countries
havinghigher and lowebatchprevalenceAn arbitrarycut-off was chosen of one grougonsisting of
those countries with a prevalence @impylobacteicolonised broiler batchdselow 54.6%, which

was the EU mediah prevalence, and a second group were thosatdea with a prevalence of

BTwo nonMSs,Norway and Switzerland, were included to calculate the EU median prevalence.
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Campylobactercolonised broiler batchezbove the EU mediahe results showed thdtased on the
full models, there were no differences iidentified associatedactors for these two groupsf
countriesnor in the direction ofhe effect of those factors or their categofi@gpendixD, Table28).
For the lower prevalencecountry group, the proportion olunexplainedvariance (inCampylobacter
colonisationresults)attributable touninvesigated slaughterhousspecific factors \as 5% whereas
for thehigher prevalencgroupof countriesit was 40% (Tablé&). Thisindicatedthatthe unexplained
variance due to uninvestigated slaughterhemeeific factors was biggdor the group of countries
with prevalence above the EU medi@mmpared to the group of countriedth prevalence below the
EU median

5.1.2. Analysis of factors associated wittCampylobacter colcolonised broiler batches

A full randomeffect modelnvestigatingfactors associated wii. coli-colonised broiler batchegas

fitted including all the availableariables country, flock production type, previous thinning in the
flock, age of broilers, quarter of sampling, time (hour) of sampling, and time in hours between
sampling and testindror flock production typgwo different codifications were considerékhefirst

was with four categories: conventional, freenge standardreerangeorganic and unknown. The
second codification merged the categories-feggje standard arfdee-rangeorganic irto a unique
category.The P-values for flock production type (using both codificatioqs}vious thinning irthe

flock, time (hour) of samplingluring the dayand time in hours between sampling and testing were
not significant;hence they were discarded from the model based drattievard procedure

The following potential risk factors fo€. colicolonised broiler batches were retained in the final
logistic mixed-effectsmodel:

e age of the broilers (at sampling);

e (uarter of sampling.

The OR estimates for the factors in the finaldal at EU level are presentedTiable29in Appendix
E. The final model included countigpecific effects antd h e  ftime (in bours) detween sampling
and testinf t hat theesénsitiviy df the testing process (effects stmwn).A longer clay
increased thesk of detectingC. colifrom the batche€DRsare adjusted for effects of both factors

According to the analyses, batches of older birds were more at risk of beingsedlwith C. coli;
therisk for positivity increasing in incremés of 30% for every increase of 10 days in the age of the
slaughtered broilers. Furthermorbetisk of a broiler batch beingolonised withC. coli washighest

in thethird quarter(July-Septembérand lowest in the first quartedgnuaryMarch).

The varance of the random effeceffect of slaughterhouses) the final regression model was
significantly positive, meaning that thestimate was much larger than its standard dirable 3,
Appendix B. This indicated thathe baseline risk of. coli colonisation of slaughter batchearied
between slaughterhouses, even wilaecounting forother factorsi.e. age of broilers, quarter of
sampl i ng and t @onsedquandy vathin couates, thére werle slaughterhouses with an
overall higher predance and slaughterhouses with an overall lower prevalenCe afli-colonised
batchesThe proportion of variance (6. coli-colonisation results) that remained unexplained by the
investigated factors and that was dubeetweerslaughterhouseariability, was 20%(Table5).
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Table 5.Variance components of the finallogistic mixed-effects models for factors associated
with Campylobactefcolonised broiler batches and/otCampylobactercontaminated carcassesn
the EU’, 2008

Proportion (%) of unexplained variance

Final logistic mixed-effectsmodels attributable to slaughterhouseeffects

Campylobacterolonisation of broiler batches 25
Countrygroup with prevalence below tii#J median 5
Countrygroup with prevalence above tB&) median 40

Campylobacter colcolonisation of broiler batches 20

Campylobactecontamination of broiler carcasses
Non-colonised broiler batches 18
Colonisedbroiler batches 50
Countrygroup with prevalence below tii#J median

Non-colonised broiler batches 4

Colonisedbroiler bathes 22
Countrygroup with prevalence above tB&) median

Non-colonised broiler batches 35

Colonisedbroiler batches 70

* Greece did not participate in the baseline survey and tweM#s) Norway and Switzerland, participated and are
included in thisanalysis.

5.1.3. Analysis of factors associated wittCampylobactercontaminated broiler carcasses

A univariate description and bivariate associatioof factors potentially associated with
Campylobactecontaminated lmiler carcasses igpresentedin Appendix F (Tables 3-50 and
Figures20-35). The most relevant information is also disgdyn the following.

5.1.3.1. Descriptive analysis of factors potentially associated Wimpylobacteicontaminated
broiler carcasses

5.1.3.1.1. Age of broilers

Figure 4 displays the boxplot oheé age of broilers (in days) according to fBampylobacter
contaminatiorresuls of the broiler carcasses. The median age of braitetise batch from which the
carcass originated wadightly greaterfor Campylobactepositive broiler carcasseban negtive
carcasses. There aatsoa considerableumberof outliersin the ags observed for both groups of
Campylobacteipositive andnegative broiler carcasses.

5.1.3.1.2. Quarter of sampling
Similar to the results foCampylobactercolonised broiler batches, theepalence ofCampylobacter

contaminated broiler carcasses was highest in the summer period: July, August and Sefitechber (
guarter), and lowest in the first three months of the yfeat quarter) (Figure 5).
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Figure 4.Boxplot of the age of broiler byCampybbacterresult on the broiler carcass in the EU,
2008

* Greece did not participate in the baseline survey and tweM#s) Norway and Switzerland, participated and are
included in this analysis.

In the boxplots, théottom section of the bobepresentshe first quartile of the distribution and thep section of the
box the third quartile, whereas the bar inside the box represents the median. Small circular symbols indicate extreme
values, differing from the box > 1.5times the difference between titeahd the first quartile (interquartile range).
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Figure 5.Prevalence ofCampylobactercontaminated broiler carcasses by quarter of sampling in
the EU’, 2008

* Greece did not participate in the baseline survey and tweM#s) Norway and Switzerland, participdtand are
included in this analysis.
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5.1.3.1.3. Time (hour) of samplinguring the day

Figure 6 depicts the prevalence fdampylobacteicontaminated broiler carcasses according to the
time (hour) of sampling during the dathe EU level prevalence otontaminatedarcassesncreasd
slightly with the hour of sampling.
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Time (hour) of sampling

Figure 6.Prevalence of Campylobactercontaminated broiler carcasses by time (hour) of
sampling during the day in the EU", 2008

* Greece did not participate in the baseline survey and tweM#s) Norway andSwitzerland, participated and are
included in this analysis

5.1.3.1.4. Campylobactercolonisatiorresult in the broiler batch

Figure 7 displays the prevalence @fampylobacteicontaminated carcassesccording to the
Campylobacterresult in thecorrespondingbroiler batches. The igure indicatesthat EU level
prevalence ofCampylobacteicontaminated carcasses is miafger whenthe batch of origin of the
carcass was colonised wi@ampylobactecompared to nowolonised batched his mears that there
was an associatn betweenCampylobactecontaminationresuls on the broiler carcasses and the
Campylobactercolonisatiorresuls in the broiler batches

5.1.3.2. Analysis of multicollinearity among potentially associated factors related to
Campylobactercontaminated broiler caasses

The VIF values calculated for the multicollinearity analysis among the factors associated with
Campylobactercontaminationon broiler carcasses (flock production type, previous thinning in the
flock, age of broilers, quarter of sampling, time (hoof)sampling, hours between sampling and
testing, capacity of slaughterhouse, type of chilli@gmpylobacteicolonisationresult in the broiler
batch andSalmonellacontamination result on the broiler carcass) are shown in Tablagpendix

G). This analgis showed that multicollinearity was not important for file modelsince all the

VIF values were very small.
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Figure 7.Prevalence of Campylobactercontaminated broiler carcasses byCampylobacter
colonisationresult in the broiler batch @ in the EU’, 2008

* Greece did not participate in the baseline survey and tweM#8) Norway and Switzerland, participated and are
included in this analysis.

(a): A total of 180 samples were excluded from this analysis, a€dngpylobacteresult on contaminated broilerrcasses
was missing.

5.1.3.3. Identification of factors potentially associated wiflampylobacteccontaminated broiler
carcasses

A full randomeffects modelwas fitted including all the available factorountry, flock production
type,previous thinning in theldck, age of broilers, quarter of sampling, time (hour) of sampling, time

in hours between sampling and testing, capacity of slaughterhouse, type of chilling of the carcass,
Campylobactercolonisationresult in the broiler batch, arBalmonellacontaminaton result on the

broiler carcass.

The variables that were discarded based on the backward procedure were, consecutively: flock
production typeprevious thinning in the flogkcapacity of slaughterhouse, type of chilling of the
carcass, an8almonellacontaminationresult on the broiler carcass.

The following potential risk factors faCampylobacteccontaminated broiler carcasses were retained
in the finallogistic mixed-effectsmodel:

« age of the broilersf the slaughter batch

e quarter of sampling;

e time d sampling during the daynd

« Campylobactecolonisationstatus of the bakc

The OR estimates for the factors in the final model at EU level are preseiiisole6.
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Table 6.Final logistic mixed-effects model @ for factors associated with Campylobacter
contaminated broiler carcasses based on the combined detection and enumeration result, in the
EU, 2008

Factor Level Odds ratio* 95% Cl P-value
Age of broilers (scale 10 days) 1.26 1.06 1.50 0.0086
Quarter of sampling v 1.55 1.14 211 0.0207
Reference catpry: | i 1.58 1.14 2.19
I 1.36 1.02 1.81

Time (hour) of samplingluring the day

(scale 1 hour) 1.04 1.00 1.07 0.0366

Campylobactercolonisatiorresult in
the broiler batch
Reference categoriNo

Yes 28.62 20.39 40.17 <0.0001

(a): Estimaes and standard errors were assessed usinged-effectsmodel withthe effect of slaughterhouséncluded as a
random effec{ random interce) ; with a random effecbn the slope of théactor iCampylobacteicolonisationresult
in the broiler batch andwitht h e  fceunttydmeludelas afixed effect.

* AL ORs were adjusted for the factors O6countryd and o6t
retained in the final model

The final model included countrgpecific effectsandt h e  ftieme (in dours)detween sampling
and testin§ t hat theesénsitiviy df the testing proce@ffectsnotshown).A longer delay
increased theisk of detectingCampylobactefrom the carcass samplé€3Rsare adjusted for effest
of both factors.

According to the analyses, thisk of Campylobactecontaminatiorof carcasses increasad the age

of the broilers in the slaughtbatchincreasedtherisk of positivity increasg in increments of 25%
for every increase of 10 days in thge of the slaughtered broile@econdly the risk of having a
Campylobactecontaminated broiler carcass was highethimsecondthird and fourthquarters of the
year compared to the first (Janudarch). The highest risk for contamination wastle third
quarter July to SeptembgrHowever,the odds values observéar the quartersvere lower than in
the case of colomation of broiler batches.Thirdly, the carcasses were also more likely to be
contaminated lateduring the working day i.e. with icreasing time (hour) of samplingastly, a
Campylobactercolonised batchvas approximately30 times more likely to result in a carcass that is
contaminated witlCampylobactethan a nofcolonised batch.

In the final regression modehe variance of theandom effectgspecific effects of slaughterhouses)
was significantly different from zer@-value<0.001, AppendixG, Table52). This indicated thathe
baseline risk oCampylobactecarcassontamination varied between the slaughterhouses, even when
acounting forother factord.e. age of the broilers, quarter of sampling, timguadcessingluring the
day, Campylobactercolonisationandt h e f a c t oMoredver,othevatiancg 6fthe random
slopes wassignificantly different from zero(P-value <0.001, Appendix G, Table 2). This also
indicated thatthe risk of obtaining a contaminated carcass fro@aapylobacterccolonised batch
differed between slaughterhousesithin countries In a similar way, the risk of contaminating a
carcass from a necolonsed batch depended on the slaughterho@igeitionally, the significantly
positive covariance between the random intercepts and the random slopes esudgjgaist
slaughterhousesharacterised by a greater baseline ris€afmpylobactecontaminatiorof caicasses
(higherintercep} tended to havea stronger associatiobetween the contamination of carcasses and
the colonisation of batcheshigher slope of the factoCampylobactercolonisationresult in the
broiler batcld).
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In the case oCampylobactenon-colonised broiler batcheshe proportion ofunexplained variance
(in Campylobactecontaminationresults) attributable to slaughterhowsgmcific factorswas 18%
(Table 5). Thus, about onéifth of the unexplained variance was attributable to slaughteghous
specific factorsfor which no data were gathered during the suryeythe caseof Campylobacter
colonised broiler batchethis proportion was 50%, indicatirtgat the unexplained variance due to
uninvestigated slaughterhousgecific factors was biggewhen batches were colonised with
Campylobacter

The variability between slaughterhousasith respect to random effects (random intersegtd
random slops), and asestimated by the final model f@ampylobactecontaminatiorof carcasses
displayed inFigure 8.Notably, the scattetot visualiesfor every slaughterhouse two estimates of the
following parameters based on the fitadistic mixed-effectsmodel

« the slaughterhousspecific baseline effect, which is the sum of the couspcific (fixed)effect
and the slaughterhouseecific effect (the random intercept), whikeeping the other factors at a
fixed level, and

« the slaughterhousspecific effect of the facto€ampylobacteicolonisationof the broiler batch
(the random slope).

In Figure 8 each slaughterhouse is marked either with a dot or triantje.slaughterhousdscated
abovethe line haveover 50% prevalence o€ampylobacteccontaminated broiler carcassasd the
slaughterhouses having a prevalenteCampylobactecontaminated broilecarcassesf less than
50% are below the lineSeveral scenarios can be observed for slaughterhouses niiticcaming
prevalence ofCampylobactexcolonised broiler batches below 50%hgrked withtriangles); some
havea prevalenceof Campylobactecontamnated broiler carcasses below 50#hile othersmay
have aprevalenceat carcassevel aboveor equal to50%. This means that slaughterhouses that have
incoming prevalence ofCampylobactecolonised slaughter batches below 50% may generate
prevalence ofampylobactercontaminated broiler carcasses below or above 50%, respeckoely.
slaughterhouses with an incoming prevalenc€arhpylobacteicolonised broiler batches above 50%
(marked with dots) the same three scenarios are also observed; some hawalenqareof
Campylobacteccontaminated broiler carcasses below 50hile others may have a prevalence at
carcasdevel aboveor equalto 50%. Thus other slaughterhouses that hardncoming prevalence of
Campylobacteicolonised slaughter batches abovédaay generata prevalence o€Campylobacter
contaminated broiler carcasses below or above 50%, respectively.
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Figure 8.Scatterplot of the baseline effec{accounting for the fixed effect of country and the
random effect of slaughterhousei.e. random intercepts) by Campylobacterresult in broiler
batches effec{accounting for the random effect of slaughterhousé.e.random slopes)’

*  Dots stand foslaughterhouses withprevalence o€ampylobacteccontaminated batches abdd@%0 andtriangles stand
for slaughérhousedelow 50% while aline stands foralues of the random intercept aadlope resultin aprevalence
of Campylobacteccontaminated broiler carcasses o%&0

An additional complementary analysifollowing the above modbBhg approach was made d
compare the full model results f@ampylobactecontaminated broiler carcasdsstweernwo groups

of countries. Thearbitrary cutoff was chosen of one group consisting of those countries with a
prevalence ofCampylobactecontaminated broiler carcasseglow 62.5%, which was the EU
median’ prevalence, and a second group were those countriewittvalence ofCampylobacter
contaminated broiler carcassabove the EU mediarilThe results are displayed in Appendik
Table53.

For the group of countriesvith a prevalence below 62.5%het only potential risk factor for
Campylobacteccontaminated broiler carcassélsat was statistically significanh the full logistic
mixed-effects mode| was theCampylobactercolonisationstatus of the batchA Campylolacter
colonised batclwas approximatelt5 times more likely to result in a carcass thas contaminated
with Campylobactethan a norcolonised batch. However, since this model wasim final one, the
effect size is only indicativeln the case ofCanpylobacternon-colonised broiler batches, the
proportion of unexplained variance (i@ampylobactecontamination results) attributable to
slaughterhousspecific factorswas 4% (Table5). In the case oCampylobacteicolonised broiler
batches, this propadn was 22%, indicating thahe unexplained variance due tminvestigated
slaughterhouséevel factors impacting on the risk of contamination of broiler carcassebigger
when batches were colonised withmpylobacter

4 Two nonMSs, Norway and Switzerland, were included to calculate the EU median prevalence.
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For the group of countries with prevalence above 62.5%, the following potential risk factors were
statistically significant in the fullogistic mixed-effects model for Campylobactecontaminated
broiler carcasses

« flock production type;

e age of slaughter batdiroilers
e quarter of sampling;

« type ofcarcashilling;

« Campylobactecolonisationstatus of the batch.

The results displayed in Tabk3 are based on a full not the finali model hence the observed
effects are only indicative. The risk G@ampylobacteicontaminationof carcaseswasmuch higher
whenbroilers originated from organic flocks The riskalsoincreasd as the age of the broilers in the
slaughtebatchincreasedTherisk of a Campylobactecontaminated broiler carcagss higher in the
third and fourth quarters tfie year compared to the first (Janubtgrch). The risk was highewhen
mixed chilling methodsvere usedcompard to only air chilling. Also, a Campylobactetccolonised
batch was approximatehb0 times more likely to result in a carcass theds contaminagd with
Campylobactethan a norcolonised batch.

Among the high prevalence countriés,the case ofCampylobactenon-colonised broiler batches,
the proportion of unexplained variance @ampylobactecontaminationresults) attributable to
slaughterhosespecific factorswas 35% (Table5). In the case oCampylobacteicolonised broiler
batches, this proportion was 70%, indicatifgt the unexplained variance due to uninvestigated
slaughterhouse level factors impactingtbe risk of contamination of biler carcasses wasigger
when batches were colonised wilampylobacterAlso, these proportions were larger compared to
the effects in the lower prevalence country group

5.1.4. Analysis of factors associated with counts ofCampylobacteron Campylobacter
contaminated broiler carcasses

A descriptive analysis of the factors potentially associated with count€aaipylobacteron
Campylobactecontaminated broiler ceasses is included in Appendix (Tables 8-63 and
Figures36-44). The most important findings eipresented in the folldng.

5.1.4.1. Descriptive analysis of factors potentially associated widhnts ofCampylobacteron
Campylobacteicontaminatedbroiler carcasses

5.1.4.1.1. Campylobactercolonisationresultof the broiler batch

Figure 9 displays the boxplot of thegle Campylobacteicountson the broiler carcass according to
the Campylobactexcolonisationresultof the broiler batchThe figure indicateshat Campylobacter
colonisationof broiler batches is associated with positive counts on the carcegpa® 10displays

in more detail at EUevel the (categorised Campylobactercounts (cfu/g) on broiler carcasses
according to whether the batch was colonised, or not, W#mpylobacter Most of the
Campylobacteinon-colonised slaughter batches (approximately 808a§ counts of less than
10cfu/g. However, in someCampylobactemnon-colonised slaughter batches ti@ampylobacter
counts on broiler carcassegre distributecamongall the defined positive counts categoriébout
10% of noncolonised batchebBad carcases with counts in the highest level count category, above
10,000 cfu/g Conversely, forCampylobactercolonised slaughter batchesnly about20% had
Campylobactecounts on broiler carcasses belowcig. The proportion of colonised batches with
countsin categories above 10 ¢4 was for every categorymuch higher compared to the non
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colonised batchesAbout 90% of colonised batchdmmd carcasses with counts in the highest level
count category, above 10,000 cfu/g.

(

10 QWD O

logyy (Campyltobacier counts + 1)

8

o]
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Negative Paositive

Campylobacter colonisation result in the broiler batch

Figure 9.Boxplot of the log, transformation of dCampylobactercounts on broiler carcasses
added to1§ by Campylobacteicolonisation result in the broiler batch

* Exceptionally in Luxembourg n€ampylobacteenumeration was executed in broiler carcass samples, Greece did not
participate in the batine survey and two neMSs, Norway and Switzerland, participated and are included in this
analysis.

In the boxplots, théottom section of the bobepresents the first quartile of the distribution andttdgesection of the

box the third quartile, wheraathe bar inside the box represents the median. Small circular symbols indicate extreme
values, differing from the box >1.5 times the difference between the third and the first quartile (interquartile range).
Campylobacterounts were added to one previdadog,, transformation in order to allow for the inclusion of negative
counts (<10 cfu/g) in these representations.
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Figure 10.Categorised Campylobactercounts (cfu/g) on broiler carcasses inrCampylobacter
colonised and-non-colonised broiler batches in the EJ2008

5.1.4.2. Analysis of multicollinearity among potentially associated factors related to counts of
Campylobactepn Campylobacteicontaminated broiler carcasses

The calculatedVIF values resulting from the multicollinearity analysis shown in Table
(Apperdix G) apply, as the saméactors were considered &ging potentially associated with the
counts ofCampylobacteron Campylobacteccontaminated carcasses, nhamely flock production type,
previous thinning in the flock, age of broilers, quarter of sampling, ¢(moer) of sampling, hours
between sampling and testing, capacity of slaughterhouse, type of chiGiagpylobacter
colonisationresult of the broiler batch an&almonellacontaminatio result on the broiler carcass
This analysis showed that multicollaety was not important for th&ull modelsince all VIF
values were very small.

5.1.4.3. Identification of factors potentially associated with counts @hmpylobacteron
Campylobacteicontaminated broiler carcasses

A full weighted randomeffects model was fittethcluding all the available factargountry, flock
production type, previous thinning in the flock, age of broilers, quarter of sampling, time (hour) of
sampling, time in hours between sampling and testing, capacity of slaughterhouse, type of chilling of
the carcassCampylobactercolonisationresult of the broiler batch, an&almonellacontamination

result on the broiler carcass.

The factorsthat were discarded based on the backward procedure were, consecqtieetgr of
sampling, age of broilers, flagproduction type, time of sampling during the day, previous thinning in
the flock of origin,Salmonellaresult in broiler batches, type of chilling, capacity of slaughterhouse
andtime between sampling and testirgjl these factors had &-value higherthan 0.1.The only
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potential risk factor for higher counts @ampylobacteron Campylobactecontaminated broiler
carcassethat wasretained in the final modevasthe Campylobactecolonisationstatus of the bat¢h
the estimate of whichn the final modeht EU levelis presentedin Table7.

Table 7.Final model ©® for Campylobactercounts greater thanor equal to 1 cfu/g on broiler
carcasses, in the EU, 2008

Variable Estimate Standard Error P-value

Campylobactercolonisation results of therdiler batch 1.05 0.23 <0.0001

(2): Estimates and standard errors were assessed using aeffeedmodel withthe effect of slaughterhouséncluded as a
random effec{ random intercegjand wi th the factor 6écountryd included as a

The final model also includedt he f act or -cadumtrgspetiticreffedts amenpdesented in

Appendix K Table 64. Table 8 displays the estimate of the variance of the random intercepts
(specificslaughterhouse effects), which was significantly posifiWald test statistic84.4,P-value <

0.001) This indicdedthattherewassignificantvariation betweeihe slaughterhousés the baseline

risk for higher Campylobacteicounts onCampylobacteccontaminated broiler carcassesen when

the other factor€ampylobactecolonisations t at us of t he b aaccountedafarAd O coun
Likelihood Ratio Testinvesigating the need of a random intercept was 1,532232a(ue <0.0001)

justifying the mixed-effectsmodel approach.

In addition TableB presents the estimate of theerdispersion parametand itsstandard errofThis
parameter waalsosignificantly positive jndicating that the data were overdispersezhning that the
couns were not randomly distributed over the categorigss justified the need to userggatie
binomial mixedeffects model rather than a Poisson regression model.

Table 8.Final model for Campylobactercounts greater than or equal to 1 cfu/g on broiler
carcasses overdispersion parameter and variance of the slaughterhousespecific random
intercepts, inthe EU, 2008

Estimate  Standard Error P-value
Overdispersion parameter 2.36 0.25 -
Variance of slaughterhouse random intercepts 1.47 0.16 <0.001
5.2. Descriptive investigation of the Campylobacterdetection and enumeration methods

results of broiler carcass samples

Thecountryspecificdataas regard€ampylobactedetection and enumeration methods test results of
broiler carcass samplesre presentedin Table 9. In this table ranking is based firstly on the
percentage of broiler carcass samples thaevieund positive by the enumeration test only and
secondly on the percentage of broiler carcass samples that were found positive by the detection test
only. At EU level, detection ofCampylobactefrom the carcasses was 55.5% [(4,843+713)/10,004]

by the déection method, and 51.6% [(4,843+318)/10,004] by the enumeration method. Combining
positive results from both culture methods itk proportionpositive carcasses of 58.7%
[(4,843+713+318)/10,004]

EFSA Journal 2010; 8(8):1522 41



%, efsa- Analysis of the baseline survey on the prevalend@arfipylobactein broiler batches anc
e oo satey oy OF CaMpPYlobacteandSalmonelleon broiler carcasses, in the EU, 2008, Pai€8mnpylobacter

Ten countriegeportedat least on€Campylobacteiccontaminated carcabased on a positive result to
the enumeration methodnly. This specificproportion gositive by the enumeratiomethodonlyb
ranged from gvery low, below 1%minimum of 0.846 (Switzerland and Lithuania) to(high, above
20%) maximum of35.3%6 (Belgium). For the United Kingdom, Ireland, Austria, Italy and Germany
this proportion was lowbetween 1% and 10powvhereas for Portugal and Netherlands it was
moderate (between 10% and 20%)verall, 5.4% [318/(4,843+713+318)pf Campylobacter
contaninatedcarcassamples were tested positiig the enumeration methazhly. Also the reerse
situation was encountereahd 21countries reported at least oBampylobactecontaminated carcas
based on a positive result to the detection method ®higs p e c i f i ¢ pgsitive lpyaetectioro n
met hod o nfrogn @ minimumgE0d3 (Malta) to a maximum of 199 (United Kingdom).
For Romania this proportion was very low (below 1%6);11 MSs this proportion was low (between
1% and 10%) whereas fdng remaining eightSs (includingthe United Kingdom)it was moderate
(between 10% and 20%Pverall, 12.1% [713/(4,843+713+318)] dtampylobacteccontaminated
samplesvere tested positive by the detection metboly.

EFSA Journal 2010; 8(8):1522 42

0



x, efsa- Analysis of the baseline survey on the prevalend@arfipylobactein broiler batches anc
e oo satey oy OF CaMpPYlobacteandSalmonelleon broiler carcasses, in the EU, 2008, Pai€8mnpylobacter

Table 9.0verview of the Campylobacterdetecion and enumeration method test results, on
broiler carcass samplesin the EU’, 2008

Positives to both Positives to both

Carcass detection or detection and Pos_,mves to Posmves_ to

Country samples enumeration® enumeration detection method enumeration
only method only

methods methods
N N % N % N % N %

Belgium 380 198 52.1 58 15.3 6 1.6 134 35.3
Netherlands 429 162 37.8 94 21.9 16 3.7 52 12.1
Portugal 421 312 74.1 237 56.3 25 5.9 50 11.9
Germany 432 268 62.0 155 35.9 82 19.0 31 7.2
Italy 393 205 52.2 124 31.6 58 14.8 23 5.9
Austria 408 329 80.6 253 62.0 67 16.4 9 2.2
Ireland 394 386 98.0 378 95.9 0 0 8 2.0
United Kingdom 401 350 87.3 266 66.3 77 19.2 7 1.7
Lithuania 374 172 46.0 170 45.5 0 0 2 0.5
Switzerland 408 288 70.6 210 515 76 18.6 2 0.5
Latvia 122 41 33.6 41 33.6 0 0 0 0
Norway 396 20 5.1 20 51 0 0 0 0
Slovenia 413 333 80.6 333 80.6 0 0 0 0
Spain 389 360 92.5 360 92.5 0 0 0 0
Malta 367 348 94.8 347 94.6 1 0.3 0 0
Romania 357 227 63.6 225 63.0 2 0.6 0 0
Estonia 102 5 4.9 2 2.0 3 2.9 0 0
Bulgaria 280 126 45.0 117 41.8 9 3.2 0 0
Finland 369 21 5.7 8 2.2 13 3.5 0 0
Poland 419 339 80.9 322 76.8 17 4.1 0 0
Sweden 410 55 134 37 9.0 18 4.4 0 0
Slovakia 422 315 74.6 290 68.7 25 5.9 0 0
Hungary 321 180 56.1 160 49.8 20 6.2 0 0
Denmark 396 123 31.1 94 23.7 29 7.3 0 0
Cyprus 357 46 12.9 5 14 41 115 0 0
France 422 370 87.7 320 75.8 50 11.8 0 0
Czech Republic 422 295 69.9 217 51.4 78 18.5 0 0
EU ® 10,004 5874 587 4,843 484 713 7.1 318 3.2

* No analysis for Luxembourg was included as Luxembourg did not pe@ampylobacteenumeration.

** Countries are presented in this tabd@kedbased firstly on the percentage of broiler carcass samples that were found
positive by the enumeration test only and secondly on the percentage of broiler carcass samples that were found positive
by the detection test only.

@ Results of the emeration method were coded as positive or negative accatalimbether theCampylobactecounts
were at least 10 or below 10 cfu/g on contaminated broiler carcasses, respectively.

®: Including Norway and Switzerland.
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5.3. Comparison of the notification rates of campylobacteriosis in humans and the
Campylobacteprevalence in broiler batches and on broiler carcasseacross the EU

Table D displays he human notification raseof confirmed campylobacteriosiscases per
100,000populationin 2008 (Community Sumary Report on Zoonoses in 2008, EFSA, 201Tbe
variation in the notification rates of campylobacteriosis cases among reporting MSs is large and the
different sensitivities of the reporting systems and microbiological methods employed by MSs may
have infuenced these figures; consequently comparison between countries should be carried out with
caution.Moreover, br overviewpurposes only, TableOlalso shows the countgpecificprevalence

of Campylobactercolonisedbroiler batches andf Campylobacteicontaminated broilecarcasses

5.4. Analysis of theCampylobactespp. frequency distribution across the EU

Comparisons of the proportion @. jejuni and C. coli isolates originating fronCampylobacter
colonised broiler batches ar@ampylobacterpositive broier carcasses categorised by production
type are given in Tableslland P respectively This dcata shows that for broiler batches reared by
both freerange production systems (organic and standard) the proporti©anabylobacteisolates
which wereC. coi, was 8% to 14% higher than for broiler batches reared by the conventional
production system. A higher contamination percentag€.otoli was also observed for broiler
carcasses originating from batches reared by therdmge production systemlone However the
differences in the percentag®ere somewhat smaller (7% to 12%) than for broiler batches.
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Table 10.Comparison between the notification rate of human campylobacteriosis cases and the
prevalenceof Campylobactercolonisedbroiler batches andCampylobaaotr-contaminated broiler
carcassesin the EU’, 2008

2008 Humannotification

rate Prevalenceof ' Prevalence & .
Country , Campylobactercolonised Campylobacteicontaminated
(confirmed cases per broiler batches broiler carcasses
100,000 population®

Austria 514 52.9 80.6
Belgium 47.9 31.0 52.7
Bulgaria 0.2 29.6 45.2
Cyprus 2.9 30.6 14.1
CzechRepublic 193.3 61.3 68.6
Denmark 63.4 19.0 314
Estonia 11.5 2.0 4.9
Finland 84.0 3.9 55
France 54 76.1 88.7
Germany 78.7 48.9 60.8
Hungary 54.9 50.1 55.3
Ireland 39.8 83.1 98.3
Italy 0.4 63.3 49.6
Latvia 0 41.0 33.6
Lithuania 22.6 41.5 45.8
Luxembourg 90.7 100 100

Malta 18.8 96.8 94.3
Netherlands 39.2 24.4 37.6
Poland 0.7 78.9 80.4
Romania <01 77.0 64.2
Slovakia 56.7 73.6 79.1
Slovenia 4.3 78.2 77.8
Spain 11.4 88.0 92.6
Sweden 83.8 13.2 14.6
United Kingdom 90.9 75.3 86.3
Switzerland 102.3 59.0 717
Norway 60.7 3.2 51

* GreeceandPortugal did not provide data on the human cases
(a):(EFSA, 2010c)
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Table 11 Frequency distribution of C. jejuni and C. coli isolated from Campylobactefcolonised
broiler batches, per flock production type, in the EU, 2008

) C. jejuni C. coli Total
Production type - - -
No of isolates % No of isolates % No of isolates %
Conventional 3,006 60.4 1,973 39.6 4979 100
Freerange standar@ 152 46.5 175 53.5 327 100
Freerange organi® 35 52.2 32 47.8 67 100

* Greece did not participate in the baseline survey amdnwn-MSs, Norway and Switzerland, participated and are
included in this analysis

(a):Only data from 15 MSsBelgium Bulgarig Estonig France Hungary Ireland Italy, Luxembourg the Netherlands
Poland Portugal Romanig Sovakia, Spain and the United Kingdorm) and one nonMS (Switzerlang reporing C.
jejuni- and/orC. coli-colonised broiler batches origiirag from freerange standard production systemere taken into
account. Estonia reported all flocksfese-rangestandard, but broilers were kept inside with no accesetoutsideand
these data are included in the analysis.

(b):Only data from 10 MS§ (Austria Belgium Bulgaria France Germany Ireland Italy, the NetherlandsPortugalandthe
United Kingdom) andonenonMS (Switzerland reportng C. jejuniand/orC. coli-colonised broiler batches originating
from freerange organic production sysig, were taken into account

Table 12 Frequency distribution of C. jejuni and C. coli isolated from Campylobacter
contaminatedbroiler carcasses per flock production type, in the EU, 2008

) C. jejuni C. coli Total
Production type , ; :
No of isolates % No of isolates % No of isolates %
Conventional 3,545 64.0 1,996 36.0 5541 100
Freerange standar? 193 52.4 175 47.6 368 100
Freerange organi” 43 57.3 32 42.7 75 100

* Greece did not participate in the baseline survey amdnenMSs, Norway and Switzerlangharticipated and are
included in this analysis

(a):Only data from 15 MSs (@gium, Bulgarig Estonig France Hungary Ireland Lithuania Luxembourgthe Netherlands
Poland Portugal Romania Sovakia, Spain and the United Kingdon) and one nonMS (Switzerlang reportng
C.jejuni- and/orC. coli-positive broiler carcasses originating from fraege standard production systemvere taken
into account. Estonia reported all flocksfiase-rangestandard, but broilers were kept inside with no accefstoutside
and these data are included in the analysis

(b):Only data from 10 MSs (éstrig Belgium Bulgaria France Germany Ireland Italy, the NetherlandsPortugalandthe
United Kingdonm) andonenon-MS (Switzerland reportng C. jejuni-and/orC. mli-positive broiler carcasses originating
from freerange organic production systejwere taken into account

From Tables 1 and 2 it can be observed that, when the slaughtered broilers or their carcasses
originated from conventional flock productioppes, the proportion of. jejuniisolates out of the

total speciated isolates was about thinds, and C. coli isolates about onthird. For freerange
standard and organic flocks, the distributionsCofjejuni and C. coli isolateswere aboutequalfor

each speciesTherefore, i seems that relatively more isolates were spettiasC. coliin freerange

or organic flocks Appendix L (Figures #-48) includes maps with thepeciesspecific prevalence
distribution in the EU forC. coli and C. jejuni in braler batches and on broiler carcassékis
Campylobacteispp. distribution in broiler batches and on broilers carcasses across the EU and the
two nonMSs was very variable. In the northern countries (Norway, Sweden, Finland and Estonia)
only C. jejuniwere isolated, whereas in all other countiizscoli werealso detected. In southern EU
MSs the presence @. coli was more abundant and in some MSs more than half of the isolates
belonged to this species.
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6. Discussion

Campylobacteris a known common inhabita of the caeca of broilers aradhigh prevalenceof
colonisationhas been reported inalEU-wide baseline survey gareviouslypublished in the Part A
reporton the analysis of the baseline survey on the prevalenCarmpylobacteiin broiler batches

and of Salmonellaon broiler carcasses in the EU, 20BFSA, 2010a). Broilers can become
colonised by Campylobacterfollowing exposure to viable bacteria from the environment and
presence ofCampylobactelin the caeca can be at a detectable level after ehéaws (Bull et al

2006) Colonisation of most irtontact birds may take place within a few daysxgosureand it may

take up to a week for the flock to be fully colonis€dmpylobactéosisremains the most commonly
reported fooeborne illness in huans in the EU (EFSA, 2009b). The data provided by the Part A
report contributed to other evidenc&éom molecular subtyping and epidemiological studies
identifying poultry meat as an important source of fbodne transmission of human
campylobacteriosisThe EFSA Panel on Biological Hazards estimated in its recent scientific opinion
on the quantification of the risk posed by broiler meat to human campylobacteriosis cases (EFSA,
2010b) that the handling, preparation and consumption of broiler meat maynaémo20% to 30%

of human campylobacteriosis cases, while 50% to 80% may be attributed to the chicken (broiler)
reservoir as a whol€Campylobactestrains from the broiler reservoir may reach humans via routes
other than food (e.g. by the environment lyr direct contact). The main motivation to control
Campylobactelin broilers is to protect public health, sin€ampylobacterdoes not cause clinical
disease in poultry.

6.1. Context of Campylobactebaseline survey

This EUwide baseline survey estimated thievalence ofampylobacteicolonised broiler batches

and of Campylobacter or Salmonellacontaminated broiler carcasses within 26 MSs and twe non
MSs and these estimates were published in the Part A report. During the conduct of the survey, some
mandatorycomplementary datevererecorded pertaining to the broilers sampled, the slaughterhouse
involved in processingand subsequent sample handliipge pragmatic choice as to which potential
factor to collect data on wa s ropoaafiferthe survey 8esign par t
(EFSA, 2007).This Part B report considers whether any of these factors were associated with the
presence o€ampylobactein broiler slaughter batches or on carcasses. It should be noted that many
potential factors of relevae toCampylobactecolonisationin slaughter batches or contamination of
carcassessuch ag the presence of other farm animals in the holding, hygiene during slaughter and
subsequent processing, slaughter techniques, the speed of the slaughter lime @edning and
disinfection procedures used, were ropart of the present survey. Furthermore, sampling was
performed to broadly represent the production methods présqurticipating countries, so the
numbers of broilers sampled from minority protloe systems was low. For example, 90% of
sampled batches originated frotonventionallyreared (i.e. housed) birdand about 70% of the
chilling methods wused for the batches were Oair
with respect to cesin categories of factors. Consequently, the power of subsequenteanabs
hampered by these small amounts of data in thosep@hations, resulting iran inability to
eliminate chance as the cause of findings, which is important for the interpretbtiee results ofhe
associated factor analyse&s such, the present report does not aspire towards a comprehensive
analysis of all risk factors believed to impact Gampylobacterrisk, but an assessment, afith
reasonable confidencehose factors dr which informationwas captured in this survey by a
guestionnairendicated association witGampylobactepositivity.

In some instances the information analysed pertained to production methods e.g. outdoor access
production systems or previous thinninghe flock Association of sucihhanagement practicesight
reasonably be r egar de dhepotentichto preduce kroildrsairc an alterdatei nd i ¢
fashion to manage risk. In other instances the information pertainsfdirsg protocols, . the time

(hours) between sampling and analysis, and whilst not strictly risk factors, those analytical outcomes
mightbe useful information in designing and interpreting national monitoring programmes.
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MSs could also report other optional informatianavoluntary basis, but these data were too scarce
to enable an epidemiological analysis within the scope of this Part B report.

MSsshould consider the information available in this report as an adjutied tmderstanding of the
nature ofthe Campylobater problem. These outcomes may inform national corgrogrammesor
subsequent hadepth researcihe results of this survey are also used in the ongoing quantitative risk
assessment ddampylobactein broiler meat byeFSA6Panel on Biological Hazards

6.2. Analysis of factors associated witlfCampylobacteprevalences

In the EUlevel multivariableregression analyses (including the two #8s), the structure of the
statistical models took into account the fact that broilers originating from the same doavera

higher probability of sharing similar domestic conditions, that broilers slaughtered in the same
slaughterhouse were more likely to have comparable rearing and transport conditions, and that
carcasses from the same slaughterhouse were submitsaditar processes. Furthermore, possible
countryconfounding effects were also takiato account in the analyses.

Additional analyses performed at tlewel of thetwo countriesgroups in this survey(i.e. MSs having

alow or highCampylobacteprevalencg should be regarded as a preliminaremaipt to investigate

effects ofreported factors in theseountriesgroups. Moreover, it allowed the assessment of the
variability of those effects between thesmintriesgroups having different levels @ampylobater
colonisationor contamination Therisk factor analyses resulés the level of the twoountriesgroups

should be regarded as indicative and need to be complemented by specific studies carried out at
national levelndtaking into account domestic aditions.

With these results it is worth considering the interpretation of findings whesiesarciation was not

found. Thestatisticalmethodsused are able tprovide a robust answer to the question of whether the
studied variable is associated with pilevae in this dataset. A statistically significant conclusion

from the multivariableregression model, indicates that the outcome of association wouldhbame
extremely unlikelyto have arisen by chance. In some instances trends of association woadtappe

be present, but chance occurrence of random events could not be discounted as a cause of the
observedrend in this datasetnd so the observation is not statistically significditis absence of a
statistically significant result should not be cmned to disprove association, merely the inability to

rule out chancand herefore the absence of mention in the final model as an associated factor should
be interpreted in fb context.

6.2.1. Analysis of factors associated with the prevalence @ampylobacte-colonised broiler
batches

Campylobacterare common inhabitants in the intestinal tsacf many warrdblooded animals.
Broilers areCampylobactefree on the day of hatching since no vertical transmission takes place
(Callicott et al, 2006). The organisnis transferredhorizontally usually from a contaminated
environment into the broiler flocfNewell and Fearnley, 2003Jhe impact of biosecurity measures,
preventingCampylobacterbeng transmitted from the environmens therefore broadly accepted.
Many factors have been investigated to estimate risk factors for a broiler flock to be colonised by
CampylobacterIn the present baseline survey, the following six potentially assddiattors were
studied:flock production type previous thinning in thdlock, age (days) of broilers at slaughter,
quarter (of the year 2008) of sampling, time (hour) of sampling during theaddytime (hours)
between sampling and testing.

Besides significant differences between the countties,analyses of the pooledecal contents
survey results showed thiiree factors were significantly associated atl&kl with Campylobacter
colonisationof broiler batchesThe risk ofcolonisationincreasedwith the thinning practices in the
flock of origin (with slaughter bat@s of previously thinned flocks being at significantly higher risk
of colonisation), with age of the slaughtered broileasd with samplingime during the yeagwith the
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period July-September beinthe quarter at most rigkThese findings correspond witither studies
on risk factors folCampylobactein broilers(Berndtson et al 1996 Bouwkregt et al, 2004 Barrios
et al., 2008.

Some farmers apply partial depopul ation or #dthi

i.e. from within a sigle flock a subset of birds typically of a specific size are selected and sent for
slaughter with the remaining subset allowed to continue growing. When the first group of birds is
collected, the biosecurity of housed birds can be breache@amgylobactecan be introduced into

the flock and the remaining birds may become colonised. Additionally the stressful intrusion into the
growing environment may predispose remaining
been reported from other studigsllen et al., 2008;Hald et al.,2001; Wedderkopp et al., 2000),
however studies in the Netherlands indicate that this risk is confounded by age (Russa et al., 2005).

Age has previously been identified as a risk factor @ampylobactercolonisationin broilers
(Bouwknegt et al., 2004). Under natural conditioiampylobacteis rarely found in a broiler flock
beforetwo weeks of age. This may be (or is probably) due to maternal antibodies or innate enteric
immunological factors. After the second weekliéd, colonisation easily occurs up to abaight

weeks of age, when a reduction @ampylobacteconcentration and decreased proportion of
colonised birds hze been reported to occur which may be due to acquired immunity (Newell and
Fearnley2003).

Seasonal variation irCampylobacterin broilers, with a peak in the summer has repeatedly been
reported from several countriés northernEurope, e.g. Sweden (Hansson et 2007), Denmark
(Wedderkopp et al2000), Norway (Hofshagen and Kr2605), andhe Netherlands (Bouwknegt et
al., 2004), but has also been reported from France ¢fefrPetton et al 2001). In contrast, some
studies in the United Kingdom, USA, and Canada have reported no seasonal influence on
Campylobactemprevalence (Gregory et.a1997; Humphrey et al1993; Nadeau edl., 2002).The
reason behind the association of higdampylobacteprevalence and season is not clarified, but has
been shown to be temperatusdated notably the effect of ambient temperature on the levels o
environmental contaminatio@dore et al 201Q. The observation of the seasonal peak might reflect a
low background level of prevalence during winter mon@aensegertly, in countries with a higher
background level a seasonal peak would notebasily dtected. Ithas also been suggestethat
seasonal variation mightlate tothe abundance of flies (as mechanical vectors) and/or increased
ventilation because of higher temperatures during the summer (Halgd 20G8). Every factor that
implies contactwith the outdoor environment could be regarded as a risk for introducing
Campylobacteinto the flock.

Additional analyses performed ftie two groupsof countries notably countries witla high or low
prevalence of Campylobactercolonised broiler batches respectively, usg the mediati of
prevalence (54%) as thecutoff point, showed that the same potential risk factesultedas
significant for both categories of countries (thinning, age, and quarter of sampling).

Delaying the time between sampliagd testing increased thisk of detectingCampylobactefrom

the broiler batches sampldso obvious explanatiofor this finding could be foundut it might be
that laboratoryspecific effects confounded these resufthis observation howey indicatesthat

harmonisation of testing procedures should be considered of importance bwhé8sdesigning
nationalCampylobactecontrol programmes

The analysis at EUevel further indicated that the slaughterhoussepecific baseline risk of
colonisation of batwes with Campylobacter varied significantly between countries and between
slaughterhouses within countrieBhus, there were slaughterhougesthin countries)with higher
prevalence and slaughterhouses with lower prevalenCampylobactercolonised bathes.

15Two nonMSs, Norway and Switzerland, were included to calculate the EU mediangresal
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Still, slaughterhousspecific effects orCampylobactercolonisationof the intestine areonsidered
minimal although it may happen wh&€ampylobacteccontaminated crates are used for the transport
of the flock to the slaughterhouse (Hansson e280D5. Thevariationacross slaughterhousesght
reflect differences of ofarm colonged flocks that are delivered to the slaughterhousesuld be
that onfarm Campylobacteicolonised flocks tend to be sent to certain slaughterhousasthe
betweerslaughterhousevariability might mirror regional diffeces in offarm colonised flocks.
Still, there may be confounders that have not been identified in the present Bmdgxample,
Bouwknegt et aJ (2004) have reported an association between presakemd integrations.

As mentioned above, many potential factors of relevan€atapylobactercolonisationin slaughter
batches such aghe presence of other farm animals in the holdinwgre not a part of the present
survey. In this context the analysehowedthat one fourth of the unexplained variance was
attributable to slaughterhouseecific factordor which no data were gathered during the sur¥éye
magnitude ofthe unexplained variance due tminvestigated slaughterhouspecific factorswas
bigger for the group of countries with prevalence above the EU median

6.2.1.1. Analysis of factors associated with the prevalend8arfipylobacter colcolonised broiler
batches

The most prevalenCampylobactesspecies isolated from broiler batches we€rgejuniand C. coli,
which is in accordance with findings in other international studiegejuniwas the most frequently
isolated species in most countries, however in seven cou@trigdi dominated.

In the EUlevel analysis asignificant association was fodrbetween the age of broilers a@d coli
colonisation. Previous investigations have considered whether younger chiakermore easily
colonised byC. jejuniand as they grow oldeg. colitakes over. This has been reported from a study
in the United Khgdom of organic and freeange chickens (Ebhibiny et al, 2005). Also the
sampling quarter during the year 2008 put batches at ri€k obli colonisationwith the period July-
September beinthe quarter at most risiNo other associationsere indicagd, including the flock
productiontypee.g. flocks with outdooaccessCampylobactespp. frequency distribution across the
EU is discussed iBection6.4.

C. jejuniand C. coli are closely related species, which could be difficult to differentiateveen

when solely reliant on phenotypic methods for identification. There is practically only one
biochemical test, the hippurate hydrolysis test that distingui€hgejuni from C. coli. C. jejuni
hydrolyses hippurate, but hippurategative strains occumne could be falsely identified &S. coli
Genotypic techniques such as RG&sed methods are more reliable since they detect DNA sequences
unique for the respective spec{@est et al, 2003; Orand Jordan2003) In the baseline survelpth
phenotypicandgenotypic methodaereapplied.

6.2.2. Analysis of factors associated with the prevalence dfampylobacteicontaminated
broiler carcasses

6.2.2.1. Effect of Campylobactercolonisationstatus of the broiler batch on contamination of
broiler carcasses

In this survey,Campylobactercontaminationof the carcass was affected by t@ampylobacter
colonisationstatus of the broiler batch as reflected by the pooled caecal contents sample. In the EU
level multivariable regression analysia Campylobactexcolonised batch was awt 30 times more

likely to yield aCampylobacteccontaminated carcass. This positive association, albeit strong, can be
regarded as an expected finding, siG@@npylobacters a known common inhabitant of the intestinal
tract of broilers. Thus the organiscan be expected to contaminate broiler carcasses during the
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slaughtering process as a result of faecal contaminaioce broiler carcasses are a food product on
which the skin of the animal remains, there also exists potential for@aeryof preexisting faecal
contamination of the skirfe.g. from contaminated faeces orrates during transportation to the
slaughterhousdjhrough the slaughter process.

These EUlevel analyses results indicated that processing ofambonised broiler batches stroggl
reduces the risk of subsequent contamination of carcasse€avithylobacterTherefore, controlling
the Campylobacterprevalence in broiler flocks during primary production (i.e. from farm to
slaughtering) would have a beneficial impact Gampylobactercontaminationof carcasses and
broiler meat. These controls are also likely to reduce the o@aatipylobactecontaminatiorof the
slaughterhouse environment, since incoming broilers are the primary so@ampylobacteingress

to slaughterhousesawsing Campylobactemnegative birds to be contaminated during processing from
other colonised flocks via the processemgyironment.Unlike Salmonella Campylobacterdoes not
grow in the slaughterhouse environmemhichemphasiss the importance of the inting flock asa
source of contamination of the environmehiso, the production ofCampylobactenegative flocks
would also be expected to reduce the potentiaifood-borneroutes of transmission from broilers as
indicated in EFSA scientific opinion @ the quantification of the risk posed by broiler meat to
human campylobacteriosis cases (EFSA, 2010b)

The survey results also underline the role of the slaughterhouse environm@amiylobacter
carcass contamination. Even though a colonised broileh lvedis more likely to yield a contaminated
carcass, there were many contaminated carcasseinddrom broiler batches that tested negative.
Some of these may be due ttee limited testing sensitivity to detect altampylobacterccolonised
batchesbut ohers may result from crog®ntamination from other carcasses or through contact with
contaminated surfaces or equipment within the slaughterhqédles et al., 2007;Berrang and
Dickens, 2000; Berrang at al., 2001; Berrang and Dickens, 2004; Berrahg2£04; Rosenquist

al., 2006) Consequently, good slaughter hygiene is also vital in the prevention of carcass
Campylobactecontamination

6.2.2.2. Effect of the slaughterhouse on the risk @ampylobactercontaminationof broiler
carcasses

The effect of theslaughterhouse on carcass contamination was also considered in the analyses. The
results showed that the baseline riskG#Empylobactercarcass contamination variesignificantly
between countries and between slaughterhouses within countriesywleganoher factors such as
Campylobactercolonisationof batcheswere taken into account in the statistical moddélus, there

were slaughterhousdwithin countries)with a higher prevalence and slaughterhouses withwer
prevalence o€ampylobactecontamiratedcarcasses

Furthermore, the analysis showed that, depending on the slaughtebanmg®s/lobactecolonisation

in broiler batches arriving on the slaughter line has either a stronger or weaker impact on carcass
contamination. In some slaughterhousescasses were more likely to become contaminated with
Campylobacterthan in others, when processiegher colonised or nostolonised broiler batches.
Apparently certain slaughterhouses were more capable of controlling and preesntipglobacter
contamiration risk in the slaughter process. This implteat the slaughterhouse and the processing
steps offer both an opportunity f@ampylobacterisk mitigation in broilers and can contribute to
increase the risk, notably thecase of poor hygienic perfoances

As mentioned above, many potential factors of relevandala@dampylobactercontaminationof
broiler carcasses were not @art of the present survey. Slaughterhespecific factors with a
potential effect on the risk o€ampylobactercontaminationof carcassesthat mightexplain the
observed heterogeneity between slaughterhousedd relate to the withidbatch Campylobacter
prevalence in the (incoming) slaughter batobreto the bacterial load of the broiler caeca (in addition
to the recordedpositive-negative status). Moreover, other slaughterhouse sffaght relate to
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slaughter hygiene practices impacting on the extent to which caecahemadl ¢ontents contaminate
carcasses.

In this context the analyses showed that, in the caGawipyldacternon-colonised broiler batches,
about ondifth of the unexplained variance was attributable to slaughterkspessfic factorsfor
which no data were gathered during the surdaythe case ofCampylobacteicolonised broiler
batches, this proportiowas 50% This indicates thathe unexplained variance due tminvestigated
slaughterhousspecific factorswas bigger when batches were colonised v@#mpylobacter This
betweerslaughterhousevariability was also bigger for countries with prevalence ake the EU
media®. Thus it may be in the interest of MSs to investigate further thesiavestigated
slaughterhousspecificfactorsin their countryin order to improve the control @ampylobacteand
the protection of public health.

6.2.2.3. Effect of otherfactors on the risk o€ampylobactecontaminatiorof broiler carcasses

Apart from he Campylobactercolonisation status, the present baseline survey studied eight
potentially associated factorflock productiontype previous thinning in the flogkage (dgs) of
broilers at slaughter, quarter (of the year 2008) of sampling, time (hour) of sampling during the day,
time (hours) between sampling and testing, capacity of the slaughterhouse, type of chilling method,
and the result adBalmonellebased on broilecarcass samples.

Besides significant differences between the countties, analyses of the carcass survey results
showed thatthree factors were significantly associated at Hvyel with Campylobacter
contaminatiorof broiler carcasseghe risk ofcontanination with Campylobacteincreasedvith the

age of the slaughtered broilers, withocessindater during the day and with sampling during the
year, with the periodJuly-September beinthe quarter at most risk

The increasing age of broilers has beeaniified as a risk factor foEampylobactercolonisation
hence older birds are found to be more frequently infected at the time of slaughtergiEaiarz®00;
Hartnettet al, 2001).

The prevalence ofampylobactecontaminated broiler carcasses insethwherthe carcasses were
processedlater during the day. A possible explanation could be erostamination from
Campylobactercolonised batches slaughtered eadiaringthe same day (Johannessen et24l07).
This is consistent with environmentalceumulation of contaminatiorin the slaughterhouse
environmentand this indicatethe need toinvestigate thenechanism and relevanda terms of the
level, of any accumulation of contaminaticas well asthe potential efficacy oflaughterhouse
specifichygienic procedures and or other interventions

Similar to the results foicCampylobacterin broiler batches, a seasonal effect e risk of
Campylobactercontaminationof broiler carcasses samples was observed. The highest prevalence
corresponds to thaummer period and the lowest prevalence corresponds to the first qDafeiing

the time between sampling and testing increasedskef detectingCampylobactefrom the broiler
batches samples. No obvious explanation for this finding could be foundt might be that
laboratoryspecific effects confounded these resulfshis observation howevr indicates that
harmonisation of testing procedures should be considered of importance bwhé8sdesigning
nationalCampylobactecontrol programmes

Therewas no evidence of association between the esti€ampylobacteand Salmonellatesting
based on broiler carcass samples, despite the fact that bottsergpfaecal contamination of
carcases. This might reflect that the prevalence ©@ampylobactecortaminated carcasses was not
importantly influenced byfactors favouringcrosscontaminationor spread b both bacteria.This

1 Two nonMSs, Norway and Switzerland, were included to calculate the EU median prevalence.
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result probably reflects the different epidemiologynd ecologyof these organisms, for example
differences irtransmission route® the broiler flocks on farnT herefore it is important to realise that
meaningful and effectiv&almonellacontrol programmesnay notnecessarily imply benefivhen
managingCampylobacterisk.

At EU level, no significant difference wadisclosed betwaeconventional broilerléck production
types and the other production typ&her studies have reported flock prevalenc€afpylobacter

to be generally higher in organic and fremge flocks with outdoor accesscompared to
conventionallyreared flocks due to higher environmental exposure of the birds as well as the
increased age of the birds at slaughter (Heuer.e2@01 Lund et al, 2003 McCrea et al 2006
Nather et al.2009). It might be that, as explained above, the power oEthéevel amalysis was
hampered by tofew data in certain supopulationssuch ashon-conventional production flock types,
resulting inan inability to eliminate chance as the cause of findingdeed 90% of the sampled
batches originat ed pfodudcian.ltd anaewertbynthat themre avdéreédinditatioms k
that the risk of Campylobactercontaminationof carcasses was much highertlie caseof broilers
originating from organic flocks, in the subset of countries with an above 62&@&asprevalence.

No associationbetween theCampylobactecontaminationresult on the broiler carcass and the
capacity of the slaughterhouses was observed in this suiesyever, several studidsave shown

that differences in prevalence 6ampylobacteresult from diffeent slaughtering practices (EFSA,
2005; Rosenquiset al., 2006). As reported above, a significant impact of the different process
operations, such as scalding, defeathering, evisceration, washing and chilling on the prevalence of
Campylobactecontaminatd broiler carcassesasindicated The different slaughter processing steps
may contribute to crossontamination between birds within a flock and between flocks slaughtered
successively, or may reduce existing skin contaminati@useful extent. Expegnce has shown that
certain modifications of the processing operation may result in significant reductions in contamination
of carcasses witicampylobacteispeciesThus the processing procedures seem to be more crucial
for the Campylobactercontaminationof carcasses than the capacity of the slaughterh@&se3A,

2005). However, details on the slaughtering process, except the type of chilling, were not collected in
this baseline survey because of the wide diversity of processes that could be expected.

Also, EU level analyses did noteport an association betweehe Campylobacteccontamination
resulton the broiler carcass atitke type of chilling of carcassddowever there were indications that
the risk of Campylobactercontaminationof carcasses wasigher in the caseof broiler carcasses
chilled by a mixedchilling methal in the subset of countries withcarcasgprevalenceabove 62.5%
One anal yt i cha mixead gafegolygrauped thel dategories combining more than one
chilling method and subhi combired chilling methods on averagge resulted in morecross
contamination/redistribution offampylobacterbetween carcassesr tended toincrease cross
contaminationWith regard to the other chilling methods usesl eaplained above, the power of the
EU level analysis could have been hampered byfemodata in certain supopulationssuch aghe

use of certainchilling methods resulting inan inability to eliminate chance as the causetlod
findings. Indeed, 70% of the chiling methodsed for theb at ches wer e oOair 0.
diverging outcome in factors identifieat EU level and countrygroup level datasets indicated that
risk factors for Campylobactercontaminationof carcasses are likely to change according to
prevalence situations, wter lov or high.In general, oiler carcasses should be chilled as quickly
as possible to limit the growth of microorganisms on the carcasses. \Waitgbylobactemwill not
readily replicate below 2E, effective chillingand drying of the carcassppeas to decrease the
viability of Campylobactermpresent.Types of chilling processes used within the EU, include air,
immersion and spray chilling. Chilling of carcasses will often decreaseCHrapylobacter
contaminationlevel of carcasses (Rosenquedt al, 2006, Allenet al, 2007) Air and immersion
chilling have been compared in several studies and these chilling systems seem to be
microbiologically comparable (Huezt al.,2007). However, the large number of variables makes a
true comparison among clilg methods rather difficult. Spray chilling has been shown to be
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