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ABSTRACT

A European Uniorwide baseline survey ofampylobacterin broiler batches and o@ampylobacterand
Salmonellaon broiler carcasses was d¢ad out in 2008. In th&almonellasubsurvey a total ofL0,035 broiler

batches were sampled from 561 slaughterhouses in 26 European Union Member States and two countries not

belonging to the European Union. From each randomly selected batch one casasdlegted after chilling
and the neck skin together with the breast skin was examined for the presemenohella Multivariable
regression analysis showed thhe risk for Salmonellacontaminated carcasses increaséth the slaughter
capacity of tle slaughterhouse angith processingf the carcasdater during the dayThe riskfor contamination

of carcasses witlsalmonellavaried significantly between countries and between slaughterhouses waithin
country even when other associated factors wereoanted for The Salmonellaserovar distribution varied
among Member States, many of them having a specific distribution paftéreir ownand no specific serovar
was predominant in all countries in the survey. The most commonly reported serovarsS.\néaatis,
S.Enteritidis andS. Typhimurium. Many of thereportedserovarsseem tohave become webltstablished in
broiler production
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SUMMARY

A European Uniofwide baseline survey oBampylobactein broiler batches and cbampylobacter
and Salmonellaon broiler carcasses was carried out in 2008he Salmonellasubsurvey, dotal of
10,035broiler batches were sampled from 5#dughterhouses 26 European Union Member States,
plus Norway and SwitzerlandFfrom each randomly selected batohe carcass was collected after
chilling and the neck skin together with the breast skin was examined for the presSatmafella
andCampylobacter The results of the analysis 8&lmonellgorevalence have already been published
by the European Food Safety Authority on 17 March 2010 in the Part A réperPart B report on
the Campylobactersubsurveywas publishedy the European Foodafety Authority on 5 August
201Q The present Part B reparh theSalmonellasubsurveyprovides the resultsom analysesf the
associations ofightbatch or slaughterhouse level factors &adimonellacontamination of carcasses
The investigated prevahce was the observed prevalence, meaning that the prevalence estimates did
not account for imperfect test characteristics

Multivariable regression analysishowed that the risk for Salmonellacontaminated carcasses
increased wittthe slaughtercapacity 6 the slaughterhouse and wigiocessingf the carcassater
during the dayThe risksfor contamination of carcasses wialmonellavaried significantly between
countries and between slaughterhouséthin a country even when other associated factorrev
accounted forThe results showed that for tkkeuntry group having dower Salmonellaprevalence
other factors werassociated wittsalmonellacontamination of broiler carcass&pecifically, forthe
group of countries with prevalence below tagopeanUniort median, the only factor indidag an
associdbn with Salmonellacontaminatedarcasses was tligpe of chilling used for the carcassas
the risk of Salmonellacontaminationof carcasses appeared to be lower if broiler carcasses were
chilled by a mixedchilling method Thisfactor was not significant in trenalysis based on tlowerall
datasetor in the analysis of the subsetgbup of countries with prevalenebdovethe European
Union median For this lattergroup of countrieshe assocatedfactorswereconsistent with the results
based on theverall EuropeanJnion level dataset.

Factors that were included in the analysis, but which were not significantly associatSalwitnella
contaminatiorof carcasses weffdock production typethinning of flocks age of broilersquarter of
sampling during the yeatime between sampling and testirige carcass chilling method used and
Campylobactecontaminatiorresults on the broiler carcag®r some of the factotested the power

of the analyses was low due to too few samples in some specific catedddesover, the analyses
showed tha#6% of the unexplained variancetime Salmonellacontamination resultsight have been
attributable to slaughterhouspecific factorgor which no datavere gathered during the survey.

The Salmonellaserovar distribution varied among Member States, many of them having a specific
distribution patternof their ownand no specific serovar was predominant in all countries in the
survey. The most commonly repted serovars wer8.Infantis, S.Enteritidis andS. Typhimurium.
Although there was a concentration of m8sinfantis isolates irone Member Stat# was the most
widely-distributed serovaand reported by5 countriesThis indicates thathe presene of S.Infantis

is not a local phenomeno8. Enteritidis was present in 14 countriesdthe dominant serovar ifive
countries confirming its role as the most important serovar found in broilers in Europe
S.Typhimurium was less frequently reported qmared toS.Kentucky but was more spread across
Europe.S.Agona ad S.Mbandaka were also widely distributed, althoaglalower prevalenceThe
serovar distribution in broiler carcasses tended gendmlhe the same and in similar proportions as
the dstribution observed in the broiler flocks baseline survey, even though theslattelyhad been
conducted two years earli@rhis suggestdthat many of the serovars have become-esfablished in

the broiler productionThe descriptive analysis of tiserovar distributioralso supported the notion
thatbroiler meatcontributes to huma8almonellanfection.

4Two nonMSs, Norway and Switzerland, were includadhe overall EU level dataset
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Based on theprevalence ofSalmonellacontaminated broiler carcasses, a simulation exercise was
performed to investigate thember Statespecific probability of meetingthe Salmonellaprocess
hygiene criterian poultry meat asaid downby Regulation (EC) No 2073/200%he outcome of this
simulation exercisavas rather uncertaifor about one third of th&ember StatesOf the remaining
group of caintries five Member Statesnd Norway and Switzerlangvould meet thse Salmonella
microbiological process hygiene critenmpoultry meat.

It is recommended that Member States consider the factors found to be associatgdwithella
contaminated brteér carcasses d@&uropean Uniorevel in this survey, whethey aredesigningand
implementing national Salmonella control programmes for broilemeat. Member Statesare
specifically encouraged to verify the food business operadavn controlsfor Salmorlla in their
slaughterhouses in order to prevent subsequent contamination of broileresaicass improvehe
protection of public healttFurther national studiedentifying more closely the factors that put broiler
carcasses at risk of becoming tminated withSalmonellain a country are recommendetdking
into account thenational Salmonellaprevalenceand the characteristics dhe nationalbroiler
production including slaughter procedures

EFSA Journal 2011;9(2):2017 3
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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 redgdhre prevalence @almonellaserovars with
public health significance in foodr animal populations.

Upon a request from the European Commission, the European Food Safety Authority idSE8dg
Reportof the Task Force on Zoonoses Data Collection repgsed technical specifications for a co
ordinated monitoring programme f&almonellaand Campylobactein broiler meat in théeuropean
Union (EU) (EFSA, 2007a Previously, a Commission Task Force stientific experts in
collaboration with EFSA prepadetechnical specifications for a baseline study on a harmonised
monitoring ofCampylobactem broiler flocks.

Based on EFS& groposal and the Commissidrsechnical specifications, the Commission adopted
the Decision2007/516/E€of 19 July 2007concernig a financial contribution from the Community
towards a survey on the prevalence and antimicrobial resistanCanopylobacterspp. in broiler
flocks and on the prevalence Gampylobacterspp. andSalmonellaspp. on broiler carcasses to be
carried out ilMember State§MSs). This large survegonsisting of two subsurveysas carried out
by the EUMSsduringthe periodl January 2008 31 December 2008

TERMS OF REFERENCE ASPROVIDED BY THE EUROPEAN COMMISSION

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

« to estimate theprevalence ofCampylobacterspp. in broiler flocks and the preeakce of
Campylobacterspp. andSalmonellaspp. on broiler carcasses MSs and atthe level of the
European Unionand

e to assess (quantitatively the risk factors f@ampylobacterspp. in broiler flocks and
Campylobactespp. andSalmonellaspp. on broilecarcasses based on the information collected

5 Regulation (EC) N0o2160/2003 of the European Parliament and of the Council of 17 November 2@0& cotrol of
Salmonellaand other specified foedorne zoonotic agents, OJ L 325, 12.12.2003, p.1

6 Commission Decisio2007/516/ECof 19 July 2007 concerning a financial contribution from the Community towards a
survey on theprevalence and antimicri resistance o€ampylobactespp. 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

A baseline surveyBS) was carried out in the EU to estimate the prevalenc€ampylobacteiin

broiler batches and d€ampylobacterand Salmonellaon broiler carcasses at slaughterholeses!.

This study was the sixth in a seriesB#s carried out within the EU and it was the fiBS$ directly
investigating foodstuffs. The objective of the survey has been to obtain comparable data for all MSs
through harmonised sampling schemes. Acegydio Article 5 of Directive2003/99/EC of the
European Parliament and of the Council ofNib&ember 2003 on the monitoring of zoonoses and
zoonotic agents, such surveys may be established, especially when specific needs are identified, to
assess risks dnto establish baseline values related to zoonoses and zoonotic agst8deael.

Results of such a survey will inforaf theneedfor anEU-wide intervention.

A scientific reportby EF SA on t he AfAnal ysi s of t he basel.
Campyobacterin broiler batches and @@ampylobacterand Salmonellaon broiler carcasses, in the

EU, 2008, Part A:Campylobacterand Salmonellapr eval enc e estimat eso ( E
published on 17 March 2010 his Part A reportincluded theestimationof the prevalence of
Campylobactercolonisedbroiler batches, ofCampylobactecontaminatedbroiler carcasses and of
Salmonellacontaminated broiler carcasses EU level and for each M3he analyses of the
Campylobacteenumeration results on broiler carcasas well as the analyses of the most frequently
identified Campylobacterspecies inbroiler batchesand Campylobacterspecies andSalmonella

serovars on broiler carcasses

Two Part B repot were produced regarding thi&S. A first report part Bvaspublished orb August
2010andprovidedthe EU level analyses of factors associated @#impylobacteicolonisedbroiler
batchesandor with Campylobactecontaminatedroiler carcassedurther analyses of the identified
Campylobacterspeciesdistribution acrgs the EU as well as the results of the investigation of the
diagnosticsensitivity ofthe detection method applied to estimate the prevalen@amipylobacter
contaminated broiler carcass@he second, preserRart B reportpresents the analyses of tas
associated witfsalmonellacontaminated iwiler carcasses as well are indepth analysesf the
identified Salmonellaserovar distributionsin addition, results areited from a scientific report
entitledi Si mu Jbasadiassassment of microbgit@l criteria orfSalmonellda n poul try meat
EFSAGs As s ess men (EFdAe20M owtherdinte gagiondlenmethodology, results and
discussion for this report can be foun@ihe results ofthe antimicrobial resistanceof the
Campylobacterand Salmonellaisolateswere evaluated, in accordance with Article 9 of Directive
2003/99/EC, in the annual report on antimicrobial resistance i&lha 2008(EFSA, 2010h.

The slaughterhouse survey was carried out over gy@aeperiod, starting in Jamya2008.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 frame and methods of bacteriological analysis, as well as thiemcaelet
reporting of data, and the timelines of tBiS were specified in Commission Decisig@07/516/EC.

Twenty-six EU MSs patrticipated in the survey. Greece did not carry out the survey. In addition, two
countries not belonging to the EU, Norway anditdsvland (hereafter referred to as Ad®s),
participated in the survey

2. Definitions

In the scope of this report the following definiticare used

7 Directive 2003/99/EC of the European Parliamend of the Council of 17 November 2003 on the monitoring of
zoonoses and zoonotgents amending Council Decision 90/424/EC and repealing Council Directive 92/117/HC. OJ
325, 12.12.2003 p. 31.
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Broiler: a male or female chicken raised specifically for meat production and intended for slaughter.

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

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

Campylobacter all Campylobactespp. which can be isolated by the prescribed culture techniques.
These techniques include incubation 42°C, hence the term thermophil@ampylobactgs) is
commonly used.

Campylobacter and/or Salmonellacontaminated carcass: a broiler carcass from which
Campylobactespp. and/oBGalmonellespp. was isolated.

(Diagnostic) sensitivity: means theconditiond probability that aSalmonellacontaminated carcass
will be positive for theprescribed survey culture technique

(Diagnostic) specificity: means theconditional probability that &Salmonellanon-contaminated
carcaswill be negative for th@rescribed swey culture technique

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

Proportion (%) of positive units: means the numbexf positive units out of the sampled units and
does not account for any design aspaath as clustering

Salmonella all Salmonellaspp. which can be isolated by the prescribed culture technique.

3. Objectives

The specific objectives related to tisiscondPart B reportvere:

e to investigate the effects of factors, which may be associated Sailtmonellacontaminated
broiler carcasss at EUlevel;

« toinvestigate the slaughterhowsmecific effects oisalmonellacontaminated broiler carcasses;

« to investigatethe Salmonellaserovar distribution and determine the most frequently occurring
Salmonellaserovars on br&@r carcasses across the;BEdd

o to investigate the MSpecific probability ofmeetingthe Salmonellamicrobiological process
hygiene criteriain paultry meatas laid down byRegulation (EC) No 2073/200Based on the
prevalence bSalmonellacontaminated broiler carcasse®lvice versa

4, Materials and Methods

A detailed description of the design of tB&S, sample design, sample sizes and bactericdbgi
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 data analysis and interpretation
are described here
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4.1. Survey design

The survey took plze in the EU between January and December 2008 and was conducted at broiler
batch level in slaughterhouses, focusing on birds entering the food.chtansampling of broiler
batches was based on a random selection of slaughterhouses, sampling dalysmorghacand the
batches to be sampled on each sampling @iag. randomisation scheme aimed at selecting broiler
batches proportionate to the number of broiler flocks, fattened according to the different production
types (conventional, freenge or organjc and avoiding the introduction of biases due to the potential
knowledge of the infection status of the holding from which the broiler batch originated. In addition,
MSs were asked to stratify sampling to ensure an even spread throughswrvdyperiodin order to
investigate seasonal effects on the outcomes.

From eachrandomly selected batcbnewhole carcass was collectéthmediately after chilling but

before freezing, cutting or packaging, for the detectiorSalmonellaand for the detection and
erumeration (determination of counts) @ampylobacter At the laboratory, the neck skin was
removed, if present, together with the skin from one side of the carcass (breast skin) avoiding any fat,
to make a test portion

Isolation of Salmonellaorganisms orthe broiler carcass samplemsundertaken as describég the
International Organization for Standardizati®®O)inISO6 579: 2002 ( E) &6 Mi crobi ol
animal feeding stuffs Horizontal method forthe detection of Salmonellas pp . 6 . At | eas
Salmonellaisolate per positive batch was identified using phenotypic detection methods as described

in 1ISO 6579:2002(E) and serotypddetection and enumeration @ampylobactemwere performed

using the same initidést portionfrom each sampled carcass

Sampling management, laboratory analysis and data submission were carried out by the competent
authoritesof the MS or undetheir supervision

4.2. Data description

A detailed description of the validation and cleaning of the dataset carried out waseg@riovithe
PartA report. The final cleaned datadet the survey orSalmonellaon broiler carcasesontained
datafrom 10,035broiler batches sampled from 561 slaughterhoirs26 MSs and two neMSs

4.3. Analysis of factors associated wittsalmonellacontaminated broiler carcasses

The general assumptions and framework of the statistical analysis carried out are reported in detail in
the Part A report. The effects of factors potentially associated Seitimonellacontaminationwere
analysed at carcass levEhctors were investigatddr any associatiowith the EU level prevalence,
meaning that the prevalence estimatesounted for the aspects of clustering and of weighting but not
for imperfect test characteristics. The EU level prevalenc&abhonellacontaminated broiler batches

was defined as the prevalence of positive carcasses processed overybargreriod of thdS, at

EU level.In the analysis for this Part B report, Norway and Switzerlandnatededin the EU level
dataset.

4.3.1. Definition of the outcome variables

The outcome variabléhat was considered wasalmonellaspp. contamination of broiler carcasses
based on detection method, as a binary outcome variable (positive/nedatitheg. Part Areport,
prevalence oalmonellaspp.(Salmonelld SalmonellaEnteritidis (S.Enteritidig and/orSalmonella
Typhimurium(S. Typhimurium); andserovars other tha®almonellaEnteritidis or Typhimuriunwere
presentedHowever S.Enteritidis andS. Typhimurium wererelatively infrequent ananly detected

8 Sampling appeadto be evenly distributed over theayefor most of the participating countries, even though some MSs
(Italy, Latvia, Luxembourg, Malta, Portugal and Romania) did not collect samples aumiérig up to eight monthsin
2008
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on broiler carcassda 17 MSs and in one neMS, resulting in a EU prevalence of 3.6%.herefore,
the analysis of associated factors for the specific outconte Exfiteritidis and/orS. Typhimurium
positivity was not carried owtue toalow power of anajsis

4.3.2. Factors investigated

Data on factors potentially associated with the abueationed outcome was collected using a
mandatory questionnaire by the competanthorities, or under their supervision, at the time of
sampling in the slaughterhoss@he rlevant factors are listed Fable 1 and are described in detail

in Appendk B. Some additional (optional) data and variables were collected on a voluntary basis by
MSs. However, the effects of these optional factors could not be evaluated due todite aficdata
reported

Table 1. Factors collected by a questionnaire and potentially associated Bi#dimonella
contaminated broiler carcasstrem thebaseline survey in the E®) 2008

Factors

Flock production type

(conventional, freeange standard, freeange organic, unknowf?)
Previous thinning of the flock

(yes, no, unknown

Age of broilers day9

Date of samplingf’

Time (hour) of sampling during the day

Time (hours between sampling and testiflg

Capacity of slaughterhouse

(numberof broilers slaughtered per year in the slaughterhquse
Type of chilling of carcasses

(air, immersion, spray

Campylobactecontaminatiorresult on the broiler carcass

(a): Greece did not participate in the baseline survey and twdvis) Norway and
Switzerland participated.

(b): In a conventional flock typebirds are housed. A freange flock system is a
flock production type where birds hawatdoor accessAn organic flock system
is a production type that is similar to the firemge system and that fuffithe
requirements set out for organic production; birds raweoor accesand are
registered with a recognised organic standard regulatory organisation.

(0 Recoded into a new variable é6quarter of sampling

(d): Factor related to the sensitivity ofetsampling and testing process.

During the data analysesertain decisions were made regarding)¢ading and the use of recorded
factors.Firstly,t he vari able 6date of samplingé was recod
as follows: first garter January to March; second quartépril to June; third quarterJuly to

September; and fourth quarteDctober to December 200&econdly,the age of broilers was
considered using a scale of 10 days to assess the riSalofonellacontamination bylO-day
increments.Finally, in the list of factorssome categorical variables were included which have a
natur al o r d eapacitygof slasghterouseaSeme combinations of classes of these
categorical variables were characterised by sparee observations, resulting in a problematic fit of
regression models. Rather than treating them as nominal, categorical variables, they were used as
continuous variables, after havibgenassigned a score, corresponding to the estimated midpoint of

each ategory, to reflect the distance between each category. This approach is illustrated in Table 2 for
the factor O6écapacity of sl aughterhousesé. The p
mainly used to assess the direction of the effect, withiming too much emphasis (interpretation) on

the size of the effect
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The factor Ot

me i n

hour s

bet ween

s oterpidllyithe g

sensitivity of the testing procédsut not a potential risk factor per se. Therefosen this factor was

retained in final regression models, its results were not shown

Table 2: Description of scores falaughterhouseapacity

Capacity of the Midpoi Log;, of Scores to be used in the

slaughterhouse dpoint midpoint models
< 100000 50,000 4.70 4.7
100,000-499999 300,000 5.48 5.5
500,000-999,999 750,000 5.87 5.9
1,000000-4,999999 3,000,000 6.48 6.5
5,000000-9,999999 7,500,000 6.87 6.9
>10,000000 15,000,000 7.18 7.2

4.3.3.

Exploratory bivariable analysis of potentially associated factors

and

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 produced by lattice packages in Huftéare. 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

visualisation

The association betweeeach potentially associated factor and the outcome variable was visually

presented by:

a) multiple bar graphs of estimated frequency countSamonellapositive and-negative broiler
carcasses, by MS and different levels of categorical variables

b) bar grams of (weighted) prevalence and 95% confidence intes), by different levels of

categorical variables; and

c) boxplots of quantitative variables f8almonellapositive andnegative broiler carcasses

The association between each factor and the mésmf interest were tested separately bysghiare

tests, Spearman correlation and CochvimteltHaenszel Chgquare tests for linear trends. Due to

possible confoundirt§and interactionthese results should be interpreted cautiously and only within
the context of an exploratory analysis

4.3.4.

Identification of factors associated withSalmonellacontaminated broiler carcasses

Multivariable regression analysis was applied to obtain adjusted estimates of the effect of factors
associated with the outcome ofantst. The inclusion of multiple factors (predictors) in a regression

model allows the adjustment for confounding that may result from association among these factors.
Multivariable regression analyses were carried out at EU level. However, in ordeestigate the
consistency of analyses made at EU level, results from countries with prevalence below and above the

9 According to the survey protocolll samples were to reach thébtaatory within 24 hours of sampling. In exceptional

situations (for example, long journeys, weekends and public holidays) that period could be extended to 80 hours.
10 In bivariable analy®s, a potential risk factor might appear to be associatedSaitimmella contaminatiorsolely due to

its association with another risk factor. Therefore, confounding is the @mvenderestimation of the effect of a potential

risk factor due to its association with other risk factors. In order to eliminate confouadihty obtain valid estimates of

the effect of

risk
multivariable regression analysis. In certain cases, however, two or more potential risk factors mayrdeglso s

factors,

an

adjust ment for the

confo

associated that separate estimates of their respective effects cannot be obtained. In this case, the term collinearity or

multicollinearity is used.
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EU" medianprevalence were subjected tdd#&ional analysesMoreover, because of the particular
case of Hungary, which had an exceptionaltghhprevalence of 85.6%, it was decided to investigate
the impact of its data on the HElvel outcome. Theffere, the multivariable regression analyses were
also run for the total dataset with Hungarian data excluded, and also for Hungary separately.

4.3.4.1. Analysis of multicollinearity among potentially associated factors

Data were further analysed for evidence of association among potentially associated factors, since they
may correlate with each other, or one may completely explain the association of aralinea(ity).

The Variance Inflation Factor (VIF) was used as a formal method to detect correlation among risk
factors (multicollinearity). This factor measures how much the variances of the estimated regression
coefficients are inflated compared to whae predictor variables are not linearly related. Essentially,
each potential risk factor is used as the outcome in a regression aifdésisbed in detail in
Appendix A, section 3)A VIF value that equals 1 indicates that there is no correlation amsig
factors, whereas VIF values greater than 1 indicate a correlation. VIF values exceeding 10 are
interpreted as an indication of strong multicollinearity

4.3.4.2. Statistical model

Given the use of a binary outcome variab®altnonellapositive or -negative stius of broiler
carcassesyith only two, mutually exclusive values (which were coded as 1 when the survey test was
positive and ®therwise), logistic regression was the model of choice. However, as previously
performed in the prevalence estimat{®eportPartA - EFSA, 201@), certain data properties needed

to be taken into account in the analysieeTdata analysed originated from a complex survey design
and the aspects described in the following section were considered

4.3.4.2.1Aspects of clustering and of wditing of results

The clustering of results could result from several factors. Broiler carcasses, which were the
epidemiological units of the analysis, sampled at the same slaughterhouse would have been exposed to
the same conditions and risk factors, inlg those on which no information was available in the
current survey but that might have been associated Seittnonellacontamination. The rearing and
pre-harvest processes, including comparable managerial and hygiene practices of farming and
transportéion of broiler flocks, are likely to be more similar among broiler batches processed in the
same slaughterhouse than among broiler batches processed in different slaughterhouses. Similarly, the
contamination bySalmonellaof broiler carcasses processedtlie same slaughterhouse may also
correlate because of common processing and hygiene conditions and potentiabictaisgnation
Therefore, the risk foBalmonellapositive samples collected at the same slaughterhouse may be more
similar than for samplesollected at different slaughterhouses ath observations cannot be
considered as independent observations in statistical analysis. Consequently, correlation among
outcomes in those carcasses slaughtered at the same slaughterhouse, which inducasatatra
(heterogeneity) between slaughterhouses (clyst®es taken into account in the statistical analysis of

the effects of risk factors by including, in the regression model, a slaughtegpactic effect

(random intercept parameter, which is endom variable representing the effect of factors shared by
carcassegrocessed in theame slaughterhouse) for the outcome of inter®atnfonellacarcass
contamination). The assumption underlying this type of model is that each slaughterhouse, and
congequently each carcass processed in that slaughterhouse, is characterised by a certain baseline level
of risk of contamination, regardless of the exposure to factors considered in the survey. It is
noteworthy that the interpretation of the regression aweffts (odds ratios ORs) in this model is
conditional on the slaughterhouspecific effects and that they cannot be interpreted as describing
populationaveraged effects of factors. This means that the obt&Rsdare to be interpreted relative

to slaghterhouses having comparable risk factors. Possible country confounding effects were also

11 Two nonrMSs, Norway and Switzerland, were includadhe overall EU level dataset
12 The "baselie risk of a slaughterhouse" corresponds to the slaughterhouse's random intercept, because, 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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taken into account in the analysis by including
precisely, the effect of country was considered by inclydirtountryspecific intercept. Thus, logistic
mixed-effects models were fitted with the effect of the slaughterhouse included as a random effect and
the effect of the country as a fixed effect. These mediects models enabled investigating
differencesin the outcome Salmonellacarcass contamination) between slaughterhouses, within
countries. More detailed explanations about how to take account of correlation among observations in
the statistical analysis of the effects of risk factors can be foundEi 8BE6s Report of the
on Zoonoses Data Collection on the statistical analysis of temporal and spatial trends of zoonotic
agents in animals and food (EFSA, 2009a)

Weights were applied to the results. This was because the sample size did not relec count r y C
broiler population size resulting in unequal sampling probabilitiebdtfhes/carcasses) in countries.
Consequentlyfor the analyses of the effect of potential risk factarsights were applied during the

statistical analysis. The weighh account forthe disproportionate sampling of slaughtered broilers

within a country was calculated as the ratio of the number of slaughtered broilers during a year in a
country and the number of broilers sampled in the same country.

More detailed explanions on analytical methods are given in Appenfdix
4.3.4.2.2Model building forSalmonellacontamination, at Eléevel

The full (initial) model investigatingalmonellacontamination included all the main effects without

any interaction terms (additive model). Nextveightedrandom effects modetas fitted, where the

cluster corresponded to the slaughterhouse. One by one the factors which were not significant were
discarded (backward procedure), starting with the lalgasta | ue based on the Type
test). Only those factors witR-values smaller than 0.05 were retained in the final model. The
significance of the random effects was tested usingMhkl test and a 50:50 mixture of &duare

distributions with 0 and 1 degrees of freedom (Molenbergtis/anbeke, 2005).

With the aim & visualisingthe variability between slaughterhouses with respect to the random effect
(random intercept)asestimated by the final modébr Salmonellacontamination of carcasses, a plot
was produced that displaygquer cauntry for every surveyed slaughterhouse, the estinadt¢he
slaughterhousepecific effect (the randonmtercept), whileadjusting for the countryevel fixed
effect

4.3.4.2.3Analysis of the variance explained by the slaughterhouses

According to the outcome ohé random effectsnodels, the total variability could be split into two
parts: one part explained by thevestgated factors included in the modelnd a remaining
unexplained part. The latter unexplained varianight bedue to factordor which no datawere
gathered during the survellowever, even in the hypothetical case that all existing risk factors for
Salmonellacontaminatiorresultswould have been included in the model, thewald still be a certain
amount ofunexplained variancdue to the facthat Salmonellais an infectiveagent, leading tdthe
clustering ofSalmonellacontamination resultwithin slaughterhouse§his unexplained variance was
further investigated to quantify the proportion attributable to random effects (slaughtespeuie
effects). Therefore, the intdaughterhouse or int@uster correlation coefficient (ICC) was
estimated and was approximated asr#iim of the variance of the random effeeatsd the sunof the
variance of the random effects and the variance ofsthedard logistic densityMolenberghs and
Verbeke, 2005)An ICC ranges between zero and one and corresponded respectively to scenarios of
low (closer to zero) or high (closer to one) proportions of unexplained variance that was due to
random effects (alughterhousspecific effects, betweeslaughterhouse variability). In the latter case

the Salmonellacontaminationresults of broilercarcassesvithin a slaughterhousare very much
associated (alike)Caution is warranted while interpreting the ICC, hessano conclusionsan be

made as regards the sources of the unexplained variance capturedréydtaintercept This is
becausehe proportionof unexplained variancdueto random effectsnight be attribuable eitherto
uninvestigateglaughterhousspecific effectsor to the clusteringf Salmonellacontamination results
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Details on the calculations of the ICC in the context of the tmedom effectsnodels are presented
in AppendixA.

4.4, Analysis of Salmonellaserovars distribution

The Salmonellaserowars isolated on the broiler carcasses during this EU survey were previously
reported in the Part A report.

Frequency distributions of isolat&hlmonellaserovars were analgd in detail, by country.
4.4.1. Spatial distribution of reported Salmonellaserovars

Prevalence mapsvere produced displaying spatially coungyecific prevalence fothe serovars
isolated by at least nine countries, Eelnfantis, S.Agona,S.Hadar,S.MbandakaS. Enteritidis and
S.Typhimurium.

4.4.2. Comparison betweenSalmonella serovar distributions in broiler carcasses, broiler
flocks, other animal sources, feed and humans

The serovar distribution found on broilers carcasses was compared with the serovar distribution found
in other animal sources, animal feed and humans. To this etadwere obtained from tH&Ss for

laying hen flocks (EFSA, 2007, broiler flocks (EFSA, 2003, slaughter pigs (EFSA, 2008a), and
turkey flocks (EFSA, 2008b). Human and feed data vedatained from the Community Summary
Reports (CSB (EFSA, 2006; 200, 2009b; 2016).

The descriptive analysis of the serovar data was performed in SAS Enterprise Guide 3.0 and Microsoft
Excel. Tables and bar graphs were constructed using Microsoft Office Excel 2003. For the box plots,
the software used was STATA/IC® 11.0 #&indows.

4.5, Simulation-based assessmemtf Salmonellaprocess hygiene criteridan poultry meat

A simulation exercise was perfooméby EF SA6s As s es s men ttoiMestightathe ol o gy
MS-specific probability ofmeetingthe Salmonellamicrobiological pocess hygiene criteria poultry

meatas laid down byregulation (EC) No 2073/2005 and its amendmdrdsed on therevalence of
Salmonellacontaminated broiler carcasseBhe outcome reportis published as a statadone
document(EFSA, 201) and must ke read as part athe present report part B order to fully
appreciate assumptions, uncertainties and data used in the modelling veariplified deterministic
approachwas opted farbased on the simulation of and tmmparison between different segios.

The simulation focussed on the carcass prevalence at slaughterhouse level and its corresponding
probability ofmeetingthe microbiological process hygiene criterion

EFSAG0s Assess mentWerddskedbioodo !l ogy Uni t

e Dbuild a model linking process higne criteria at production level and/or food safety criteria at
retail to the baseline prevalence estimates at production or at retail in foodstuffs. The resulting
models should allow for:

o testingif MSsmeetthe microbiological criteria in place, and
o investigating the impact of alternative microbiological criteria via simulations.
o validatethe statistical models (model fit, model comparison);

e write short but comprehensive technical guidelines on how to use the model in the upcoming
analysis. This shouldhclude a clear list of assumptions to be made and/or checked as well a
list of input and output dat&ND
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e implementa simulatiorbased example to illustrate the use of such model.

5. Results
5.1. Factors associated wittsalmonellacontaminated broiler carcasses

5.1.1. Descriptive analysis offactors potentially associated with Salmonellacontaminated
broiler carcasses

Univarigble description and bivaride associatiorof factors potentially associated wigalmonella
contaminated broiler carcasses are presentédl in Appendix B (Tables 8 to 25 and Figures 9 to
25). The mosinteresting results adisplayedhereafter

5.1.1.1. Time (hour) of samplingluring the day
Figure 1depicts the prevalence f&almonellacontaminated broiler carcassascording to the time

(hour) of sanpling during the day. The Elével prevalence of contaminated carcasses seems
increase during the afternoon.

50
]

40

30

20

Prevalence of Salmonella spp. contaminated carcasses (%)

 — — T
— S I
— T __
o |
4517 3342 1191 985
o
=9am 9-12 am 12am-3pm ==3 pm

Time (hour) of sampling

Figure 1: Prevalence oSalmonellacontaminatedroiler carcasses biyme (hour)of sampling in the
EU @, 2008

Note: The numbers appearing within thleaded areas of the bars indicate the total number of sampled broiler carcasses for

each category.

(a): Greece did not participate in thmseline surveynd two noAMSs, Norway and Switzerland, participated and are
included in this analysis.

5.1.1.2. Slaughtercapacityof slaughterhouse

Figure 2displaysthe barplot of th&=U level prevalence oSalmonellacontaminated broiler carcasses
according toslaughterhousecapacity showingthat prevalence increases as the capacity of the
slaughterhousimcreasesup toacapacity of 5,000,00@hereafter, prevalencdéended tadecrease
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Figl(Jr)e 2: Prevalence ofalmonellacontaminated broiler carcassesdigughterhouseapacityin the
EU®, 2008

Note: The numbers appearing within the shaded areas of the bars indicate thertditat nfisampled broiler carcasses for
each category.

(a): Greece did not participate in thmseline surveynd two noAMSs, Norway and Switzerland, participated and are
included in this analysig\nalysis of multicollinearity among potentially associatectors

The VIF values calculated for the multicollinearity analysis among the factors associated with
Salmonellacontaminated broiler carcassase presentedh Appendix G Table 26 namely flock
production type, previous thinning in the flock, age dilers, quarter of sampling, time (hour) of
sampling, hours between sampling and testing, capacity of slaughterhouse, type of chilling, and
Campylobacter contamination result on the broiler carcassThis analysis showed that
multicollinearity was not impant for thefull modelsince all the VIF values werdose to 1

5.1.2. Identification of factors potentially associated with Salmonellacontaminated broiler
carcasses

A full random effects modetas fitted including all the available factoountry,flock production

type, previous thinning in the flock, age of broilers, quarter of sampling, time (hour) of sampling,
hours between sampling and testing, capacity of slaughterhouse, type of chillif¢arapgilobacter
contaminatiorresult on the broiler carcass

The factors that were discarded based on the baclksesedtionprocedure were, consecutivefiock
production type, quarter of sampling, hours between sampling and testing, type of chilling,
Campylobacteresult on broiler carcasses, age of broilers, gmdviousthinningin the flock The
following risk factors forSalmonellacontaminated broiler carcasses were retained in the final logistic
mixed effectsmodel:

o time of sampling during the day;

e capacity of the slaughterhouse

The OR estimates for the tacs in the final model at EU level are preserite@iable 3.
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Table 3: Final logistic mixedeffectsmodel® for factors associated witBalmonellacontaminated
broiler carcasses, in the E¥) 2008

Factor Level Odds ratio © 95 % ClI P-value

Time (hour) of saming 9-<12am 0.972 0.708 1.335 0.0003
Reference category 9am 12am- < 3pm 1.674 1.156 2.423
O3pm 2.680 1.646  4.365

Capacity of the slaughterhouse 1.951 1.313  2.900 0.0009

(a): Estimates and standard errors were assessed using aeffeed model with a random effect on the intercept to take
account of slaughterhousef f ect s and with the factor o6countrydé as a fix
(b): Greece did not participate in thmseline surveyand two noAMSs, Norway and Switzerland, participated and are
included in this analysis
(c): All ORs were adjusted for counteffect

In Table 3, an OR >1 indicates that exposure to the factor increases the riSkalwmionella
contamination whereas an OR <1 indicates a negative association between the factor and
contamination An OR equal to 1 indicates no effect of the factor Saimonellacontamination
Consequently, if the 95%I of the OR does not comprise 1, meaning that both the lower and the
upper limits are either greater, or less than 1, it can be conclodethé association with a potential
factor andSalmonellas statisically significant P < 0.05).

The final model included countigpecific effects (noshown) and ORs are, therefore, adjusted for
countries.According to the analyses, the risk ®Imomrlla contaminationof carcasses increased as
the capacity of the slaughterhousereasedbecausehe odds of having a positiigalmonellaresult

on broiler carcassas higherfor slaughterhousewith alarger capacityHowever,as explained in #
Mateiials and Methods sectidior this particular risk factor, interpretation of th3R should focus
mainly on the direction of the effectvithout giving too much emphasis (interpretation) on the size of
the effect Secondlythe odds of having a positi&amonellaresult increast alsowhen thecarcass
was processethter during the day In particular, the ORs weresignificanty different when the
samplesverecollected in the afternodi®12 am) compared to beforg am.

The variance of the random effediffect of slaughterhouse&) the final regression model was
significantly differentfrom zero P-value <0.001, Appendix E, Table 28). This indicatd that the
baseline risk ofSalmonellacarcass contamination varied between the slaughterhaeises,when
accounting for other factorise. the time ofprocessinghe carcassgluring the daythe capacity of the
slaughterhousa nd t he f a.consequenily withim countrids, there were slaughterhouses
with an overall higher prevalence and slaughterr®usgth an overall lower prevalence of
Salmonellacontaminated carcass@he proportion of variance (iBalmonellacontaminatiorresults)

that remained unexplained by the investigated factors and that was due to kstaugbterhouse
variability was46%.

Figure 3visualises, for every country, the variability between slaughterhouses with respect to the
random effect (random intercept) estimated by the final méalelSalmonellacontaminationof
carcassesThe plot is ranked by th&S-specific prevalence ofSalmonellacontaminatedbroiler
carcassesn the participating countriesThe dashed line represents the value 0 for these random
effects. Slaughterhouses with their estimated random effect below this line kawaler intercept

and thus dower prevalece of Salmonellacontaminatedcarcasses; slaughterhouses abbaee a
higher prevalence ofalmonellacontaminatedcarcasseslt is emphased that Figure 3 displays
estimated random effects specific for each surveyed slaughterhichesseare not adjustel for the
countrylevelfixed effect Consequently, nexactprevalencevaluescan be inferred from this plot.
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Figure 3: Plot of slaughterhouse random etfeaanked by the prevalewce of Salmonella
contaminatedbroiler carcassedy country, inthe EU®, 2008

Note:The dashed line stands for the value O for these random effeetsiumbers indicated below theuntryabbreviation
indicate the number of sampled slaughterhou3é® slaughterhouse random effect for Estofti&) should be
interpreted with cautiorgs this country had only one slaughterhouse sampled.

(a): Greece did not participate in thmseline surveynd two noAMSs, Norway and Switzerland, participated and are
included in this analysis.

An additional complementary analysis following the abowsldling approach was made to compare
the full model results foBalmonellacontaminatedarcassebetweentwo groups of countries having
higher and lower batch prevalendée arbitrary cut-off was choseras the E& median prevalence
dividing the countris into twogroups with a prevalence dbalmonellacontaminated broiler carcasses
belowand aboveé.4%, respectively The results are displayed in AppenBixTable27.

For the group of countries with prevalence bew, the only factoassociated wittsalmonella
contaminateatarcasses that was statistically significant in the full meféectsmodel was théype of
chilling used for the carcass@herisk of Salmonellacontaminatiorof carcasses wasstimatedower

if broiler carcasses were chilled &ynixedchilling method However, sincéhese results are based on
a full i not afinal i model, the observed effect of thge of chilling useds only indicative.The
variance of the random effect@&ffect of slaughterhousesh the regression model wanot
significantly different from zera This indicatd that the baseline risk ofSalmonella carcass
contaminatiordid not varybetween the slaughterhousts,this countrygroup

13 Two nonMSs, Norway and Switzerlangvere includedn the overall EU level dataset
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For the group of countries with prevalence above 6th&following potetial factors associated with
Salmonellacontaminated broiler carcasses were statistically significant in the full logistic mixed
effectsmodel:

o thetime (hour)of sampling during the dagnd
« the capacity of the slaughterhouse.

Although these resultareonly indicative becausthey arebased on a full notafinal i model they
were consistenvith the resultsobtained by thdinal random effects modehat was fitted using the
overall EUlevel dataset and all the available factodso, the variance afhe random effectgeffect

of slaughterhousgswas significantly different from zero This indicated thathe baseline risk of
Salmonellacarcass contamination varied between the slaughterhéarséss countrygroup In this
subgroupthe proportion of &riance (inSalmonellacontaminatiorresults) that remained unexplained
by the investigated factors and thmight have beewue to betweeslaughterhouse variability was
49%. Hence, slaughterhousspecific effects impacting on the risk of contamination bobiler
carcasses werkkely to be much stronger (more important) compared to the effects in the lower
prevalence country group.

An additional complementary analysis, following the above modelling approach, was made to
compare the full model results f&@almonellacontaminated broiler carcassestween the total EU
dataset and thdataset without the Hungarian datde results of the analyses covered byléteer
datasetvere consistent with the results obtairfieain the total EUlevel dataset presentgateviously
Thevariance of the random effedisffect of slaughterhousem the analyses covered by tliataset
without the Hungarian dateasalsosignificantly different from zero

This means that the Hungarian dagxdeptionally hijh Salmonellacortamination)did not have an
important effecon the analyses and results at Ikl

5.2. Analysis of theSalmonellaserovars distribution

5.2.1. Frequency distribution of Salmonella serovars on Salmonellacontaminated broiler
carcasses

The Salmonellaserovars isoked from the broiler carcasses were previously reported in the Part A
report. A total of 9,24 carcasses from tH& MSs, 390 from Switzerland an®@ from Norway were
sampled, adding up t0,035tested units. This resulted in 1,225 (1,215 from the EUitipe samples

and 1,261 isolates, sin@ samples from France, Germany and Hungary had two or in some cases,
three isolatefrom the same sample

In the EU, 13.1% of carcasses were positiveSalmonella while the overall positivity was lower
(12.2%),due to the fact that Norway had no positive samglas. lighest positivity was observed in
Hungary (85.7%), with a large difference to the second and third highest, Bulgaria (26.9%) and Poland
(25.5%). Denmark, Estonia, Finland, Luxembourg and Norwaynbagbsitive samples. The number

of samples submitted, number and percentage of positives and number of serovars found in each
country are shown in Tablé Fifty-six serovars were reported by R2Ss and Switzerlandn this

survey In countries with positie samples, the number of isolated serovars varied from one in Ireland
Latviaand Sweden to 16 in Bulgaria.
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Table 4: Number of submitted and positive samples, positivity percentage and number of serovars
reportedon broiler carcasseis the EU@, 2008.

Country Samples(n) No of different o
Tested Posiive % Positive Serovars reported
Austria 408 10 2.5 6
Belgium 380 77 20.3 12
Bulgaria 316 85 26.9 16
Cyprus 357 38 10.7 8
Czech Republic 422 23 5.5 7
Denmark 396 0 0 0
Estonia 102 0 0 0
Finland 369 0 0 0
France 422 32 7.6 13
Hungary 321 275 85.7 5
Germany 432 76 17.6 14
Ireland 394 39 9.9 1
Italy 393 66 16.8 13
Latvia 122 6 4.9 1
Lithuania 374 26 7.0 8
Luxembourg 13 0 0 0
Malta 367 77 21.0 7
Netherlands 429 43 10.0 9
Poland 419 107 255 11
Portugal 421 47 11.2 4
Romania 357 17 4.8 6
Slovakia 422 91 21.6 10
Slovenia 413 7 1.7 3
Spain 389 58 14.9 14
Sweden 410 1 0.2 1
United Kingdom 401 14 3.5 9
EU Total 9,249 1,215 13.1 56
Switzerland 390 10 2.6 5
Norway 396 0 0 0
Total 10,035 1,225 12.2 56

(a): Greece did not participate in thmseline surveyand two norAMSs, Norway and
Switzerland, participated and are included in this analysis.
(b): Untypeable isolates were not considered.

The leading isolated serovar wd&sInfantis (2.2% of positive carcasses However this was
explained to a large extentby the contribution from a single MS, Hungawhich accounted for
75.1% of all S.Infantis isolatesS.Enteritidiswas the seconthost frequently isolated serovar, found
in 136% positive carcassesS.Kentucky was followed byS.Typhimurium with 6.2% and 4.4%
positive carcassemgspectively althoughS. Typhimurium was more spread across Eurdgpeontrast,
S.Kentuckyand S.Paratyphi B varJava wereconcentrated in a few countridsjt their presence in
those countries wagenerally high. S.Hadar, S.Agona andS.Mbandaka were observed 88%,
3.0%, and 2.4% of samples, respectiveliflogether withS. Enteritidis andS. Typhimurium, these
serovars were highlighted in the subsequerdlyses due to their widgpread distribution in broiler
carcasses acrofise EU and because akxceptS Mbandakafeature on the humatop 10serovars
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responsible for humaSalmonellainfections in the EU (Table 6, Table 30)he top20 serovars
isolated from broiler carcasses in tiserveyare presented in Tabl0 (Appendix F) ordered by
percentage among positive isolatedo analyses on the distribution of Enteritidis or
S Typhimurium phage typesere performed, due to lack of reported data.

No specific serovar was predominairt all countries However, S.Enteritidis was present in
14 countries, being the dominant serovaffile MSs Latvia, Poland, PortugaGlovakiaand Spain
From the only positive sample in Swed&Agona was isolated,na it was also the main serovar in
Lithuania and in the Czech Republi&nother dominant serovar at country level wadentucky,
which accounted for 100% of Irish isolaigs=39), and was also relatively frequenthfalta, Slovakia
and in theUnited Kingdom. S.Infantis is a particular case, as it accounted908% of Hungarian

Salmonellacontaminated carcassés=275), but was not confined to this country, being present in

14MSs and Switzerland. This makes it the most widely distributed serovar instineey
S.Typhimurium was observed inine MSs and Switzerland, arn.Mbandaka, isolated in 10 MSs,
appeared tde present to a certain exteémtPolandandPortugal.S.Hadarwas detected in nine MSs,
and was particularly frequent italy andCyprus.

The number of countries where the top 20 serovars were found is presented iBlT{Appendix F)
The relative proportion ofS.Infantis, S.Agona, S.Hadar, S.Mbandaka, S.Enteritidis and
S.Typhimurium in countries with positive sampieglisplayedn Figure4.
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Figure 4: Relative frequency distribution (%) o08.Infantis, S.Agona, S.Hadar, S.Mbandaka,
S.Enteritidis andS. Typhimuriumon broiler carcasses in E¥MSs

Note: The numbers on top of the bars show the total positive samples, correspon@bfg forleach bar
(a): Greece did not participate in thmseline surveyand two noAMSs, Norway and Sizerland, participated and are
included in this analysis.
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5.2.2. Spatial distribution of Salmonella serovars on Salmonellacontaminated broiler
carcasses

EU maps with serovaspecific prevalence estimatfes S.Infantis, S.Agona,S.Hadar,S.Mbandaka
S.Enteritidis andS. Typhimuriumin countries participating in the broiler carcdS 2008 can be
found inAppendix G Figures26to 31.

5.2.3. Comparison between Salmonella serovar distributions in broiler carcasses, broiler
flocks, other animal sourcesfeed and humans

The majority of the serovars isolated from broiler carcasses has also been igsatedslyfrom

flocks with broilers and flocks with laying hensuggesting the existence of common sources of
infection. S.Infantis andS.Enteritidis were the two modtequently isolatedserovars i broilers
(flocks and carcasses) and flocks with laying hens. magrity of themost commonly detected
Salmonellaserovars among turkey flocks were also listed among the top serovars inflvokerand
broiler carcassesAn exception seems to b8.Saintpaul occurring frequently in turkey&FSA,
2008b) but not in broilersSimilar conclusios can be drawrwhen canparing withthe frequency
distribution of Salmonellaserovars isolated from slaughter pigs (lymph nodes and carcass ,swabs)
where there also exissemeoverlap between the most common serovars, although the ranking of the
serovars in order of frequenciffdrs between the two sourcdseed is a plausible source of a part of
these infections and, as can be seen in TaplE of the top 20 serovars detected the broiler
carcassebavealsobeenreportedn feed.It is underlined that the data in Tablef® based on what is
reported by the MSs in thBS reports or for feed in th€ESR The fact that a serovar has not been
reported does not necessarily means that it does not exist in the source in question.
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Table 5: Frequency ofSalmonellaserovargeported in te Community Summary Repodn feed® and in thebaseline surveysn broiler carcassedroiler
flocks, turkey flocks, laying hen holdings and slaughter Bigs

Salmonella Broiler Detected in feed Flocks with Flocks with laying Flocks with Slaughter pigs  Slaughter pigs
serovar carcasses with (unspecified poultry feed or broilers hens fattening turkeys (lymph nodes (carcass swabs
serovar oil seed and fruit) (in top 20 serovars) with serovar) with serovar)

S.Infantis 358 Yes 295 171 72 49 13
S.Enteritidis 167 Yes 538 899 55 126 5
S.Kentucky 76 Yes 44 12 - - 1
S.Typhimurium 66 Yes 65 123 86 1,040 191
S.Bredeney 53 Yes 10 26 186 51 8
S.Virchow 50 Yes 30 41 11 7 1
S.Hadar 47 Yes 59 53 152 8 1
S.Paratyphi 46 Yes i i i > i
B var. Java

S.Agona 37 Yes 16 38 31 28 4
S.Indiana 36 Yes 19 11 32 - -
S.Montevideo 33 Yes 31 27 13 19 -
S.Mbandaka 30 Yes 114 101 9 7 -
S.Blockley 22 No 29 4 40 2 -
S.4,12:d: 22 No - - - - -
S.Thompson 21 Yes - - - 9 -
S.4,[5],12:i- © 15 No - - - 104 4
S.Livingstone 12 Yes 39 50 - 9 4
S.6,7=-:- 11 Yes - - - - -
S.Ohio 11 Yes 19 35 - 7 1
S.Derby 10 Yes 13 14 123 380 94

(a): EFSACommunity Summary Repc2007 EFSA 20Mb).

(b): EFSA baseline surveys on broiler carcasses (EFSA , 2010a), biloitks (EFSA,

2008a).
(c:According to
antigenicf or mul a i s

EFSAOG6Ss
recommended

Salmonellaantigenic fornula is kept here.

SalmorekaT y eipiomu reidu mds.

6Hmoweoweéhra,s i tco

ensur e
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A closer look at the serovar distribution in broiler carcasses and broiler flocks, shows that in general,
serovars tend to be the same awatur in similar proportionsfrom both sources, with small
differences. Exceptions can be obseriretivo MSs In Cyprus,S.Enteritidis andS.Agona were the

main serovars in flocksyhereasin carcassesS.Hadar andS.Infantis dominate. h Ireland, a high
proportion ofS.Mbandaka was observed in flocks but, as previously menti@ied isolatesfrom

the IrishcarcassurveywereS.Kentucky (shoma s fiot Higare 3. 0 i n

Figure 5 presents the relative distribution db.Infantis, S.Agona, S.Hadar, S.Mbandaka,
S.Enteritidis andS. Typhimurium, according to data from tB& on broiler flocls 20052006 (EFSA,

2007), in countries which had positive samples for both studibe.fact that the surveys in broiler
flocks and carcasses were conducted two years apart, indicate that the majority of the frequently
encountered serovars are wesitabished in broiler production in most countries.
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Figure 5: Relative distribution ofS.Infantis, S.Agona, S.Hadar, S.Mbandaka,S.Enteritidis and
S.Typhimurium in broiler flockgF) and broiler carcass¢€) in 18 MSs

Note: The numbers on top of the bars shosvttital positive samples, corresponding to 100% for each bar.

When taking estimated prevalence into consideration, Figuieows the distribution of values for
S.Infantis, S.Hadar, S.Mbandaka, S.Enteritidis, S.Typhimurium and S.Typhimurium or
S.Enteritidis in broiler flocks (EFSA, 20@y and broiler carcasses. The prevalenceéstérgonacould

not be estimated in a reliable wiaybroiler flocks therefore it was nahcludedin thefigure. The box

plot shows that serovapecific prevalence tendeto concentrate around the same valfioesboth

levels which is shown by the similar size and relative position of the boxes in the graph. However,
carcasses seemed to have a wider rangeedMalenceresults directed towards more extreme high
valuesfor S.Enteritidis which is shown by the median line and the black dots above the bo¥area.
S.Infantis, extreme valuew/ere observed for both levels, buashighestat flock level.
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Figure 6: Prevalence distribution of S.Infantis, S.Hadar, S.Mbandaka, S.Enteritidis,
S.Typhimurium ands. Typhimuriumor S.Enteritidis in broiler flocks and broiler carcasses

Note: Bulgaria, Luxembourg, Malta, Romania and Switzerland did not have data from both studies and their results were not
included in this graph.

Serova information on humans was not availabteMSlevel, so the comparison was made using EU
totals.Table 6 shows the most import&@dlmonellaserovars reported in humans in the EU from 2005
to 2008 (EFSA, 20062007; 2009b; 2016). The reported human datepresent aggregated data
meaning that serovars reported individually in one year may be reported in theéigBouphfae othier
years.
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Table 6: Top 10Salmonellaserovars reported in humans in the E@nnunity SummaryReports
20052008

Year
Serovar 2006 2006 2007 2008
(N=23 MSs + 2) (N=24 MSs + 4) (N=26 MSs + 3) (N=26 MSs + 3)
N % N % N % N %

S.Enteritidis 86,536 53.7 90,362 71.0 81,472 64.5 70,091 58.0
S.Typhimurium 15,058 9.3 18,685 14.7 20,781 165 26,423 219
S.Infantis 1,354 0.8 1,246 1.0 1,310 1.0 1,317 11
S.Bovis morbificans 621 0.4 - - - - 501 0.4
S.Hadar 577 0.4 713 0.6 479 0.4 - -
S.Virchow 535 0.3 1,056 0.8 1,068 0.8 860 0.7
S.Derby 259 0.2 477 0.4 469 0.4 624 0.5
S.Newport 245 0.2 730 0.6 733 0.6 787 0.7
S.Stanley - - 522 0.4 589 0.5 529 0.4
S.Agona - - 367 0.3 387 0.3 636 0.5
S.Anatum 179 0.1 - - - - - -
S.Goldcoast 173 0.1 - - - - - -
S.Kentucky - - 357 0.3 431 0.3 497 0.4
Other 55,619 34.5 12,790 10.0 18,562 14.7 18,495 15.3
Total 161,156 127,305 126,281 120,760

Unknown 56,619 17,359 9,814 6,636

(a): EFSACommunity Summary Reports, 20@508(EFSA, 2006; 2007c; 2009b; 2010c)

Figure 7 presents the relative distribution of thiected serovars in humans (EFSR1Q), broiler

flocks (EFSA, 200@) and broiler carcasses in 2008. Although proportions are slightly diffierding

bars, the predominant serovars were the same, na&nehteritidis, S. Typhimurium andS. Infantis.
S.Hadar, which was considered an important serovar in broilers, was among the most important in
humans up to 2007, but was not presarthe humantop 10Salmonellaserovarlist in 2008.When
preparing Figure 7, it was considered that most isolat&lofantis in broilers came from Hungary,
which could unbalance the true relative distribution of serovars in the EU. However, removing these
isolates would only increase the relative percentagé.&hteritidis (the second most common
serovar) from 1%% to 18.5%, and the other serovars would suffer even smaller changes. It was,
therefore, decided to kee&hplInfantis in the broiler carcass bar. No seresecific data ors.Hadar
andS.Mbandaka irhumans were available in 2008.
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Figure 7: Comparison of the serovadlistribution in humang2008 data)broiler flocks (2006 data)
andcarcassef008 data)n the EU

5.3. Comparison between theSalmonellaspp. prevalence estimates in broiler meat assessed
by regular monitoring in 2008 and in the baseline survey in 2008

Figure 8descriptivelycompaesthe Salmonellgrevalencealeriving from the2008routine monitoring
of broiler meateported bythe seven MSsvhich reported this type of data in 20@8SA, 201Q) and
the BS prevalence. For this MS group, it seemed fbatmog MSsthe prevalencdéor Salmonella
contaminated carcasses in MS in B® was compaable to the prevalenaeported by the MS for
broiler meat for the regular monitoring results from 2008
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Figure 8: Comparison between ti®almonellaspp. prevalenc® estimatesn broiler meat assessed
by regular monitoring in 2008 and in the baseline survey in 2008 for seven MSs

(a): Vertical bars represent 95% Cls.

5.4. Simulation-based assessment &almonellaprocess hygiene criteridan poultry meat

The MS-specific probability & meetingthe Salmonellamicrobiological process hygiene criteiiia
poultry meatas laid down byRegulation (EC) No 2073/2005 and its amendmeésed on the
prevalence ofSalmonellacontaminated broiler carcassasd their 95% Clsis provided in Table'.

These outcomes assathdiagnostic sensitiviés and specificies of respectively 90% and 100% for

the baseline survetest as well as for the test of pooled sampleneck skin ¢ets of 50 pooled neck

skin samples, consiag eachof three individuaheck skins)conducted according to Regulation (EC)

No 2073/2005and aconstant average prevalenceSaflmonellacontaminated broiler carcasses over
time. Table7 showsthat for12 countries the difference between the upper and the lower limit of the
estimated probability of meeting tigalmonellgorocess hygiene criteria was less thawl3ich is very
precise In this MSgroup, according to the simulation results, Denmark, Finland, Sweden and Norway
and Switzerland highly likely meet ttg&almonellamicrobiological process hygiene critetiia poultry

meaf whereas the other countries of this ig®up wouldmost likelynot. For a second group of MSs

the difference between the upper and the lower limit of the estimated probability was between 10 and
35, and Ewnia and Slovenia would likely meet the criterigor the remainder of the MSthe
difference between upper and lower limit of the estimated probability of meetin§alh@nella
process hygiene criteria was more than i8@icating that the outcomesf the simulation exercise
were too uncertainMore details regarding thassumptions, uncertainties and data used in the
simulation can be found in tiseientificreport onthe simulationbased assessment of microbiological
criteria onSalmonellan poultrymeat(EFSA, 201).
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Table 7: Summary of theesults from the simulation estimating the probability of meetingrticeobiological process hygiene critemapoultry meaper Member
State, according to the prevalence from liaseline survewand following the miawbiological procesygienecriteria in force. Sensitivity andpecificity are
respectively90%and D0%for both tests

True True True App. App. App. Difference between

Country Prlg\? @ ?_?Z()) ?JSI(({()) carcass carcass carcass Pooled  Pooled Pooled  Prob.? PS)(E)" PS?(F;" Prob., UI” and
' prev. @ prev., LI® prev., U® prev.@ prev., LI prev., UI¥ Prob., LI®

Austria 2.7 1.3 55 3 1.4 6.1 7.9 3.8 155 96.3 47.2 100 52.8
Belgium 18.7 10.2 31.9 20.8 11.3 35.4 45.3 27.3 65.8 0 0 2 2.0
Bulgaria 26.6 20.1 34.3 29.6 22.3 38.1 58.5 47.8 68.7 0 0 0 0
Cyprus 10.5 7.5 14.6 11.7 8.3 16.2 28 20.7 37.1 1.5 0 15.3 15.3
Czech Republic 4.9 24 9.9 54 2.7 11 13.9 7 26.6 59.8 2.6 98.1 95.5
Denmark 0 0 0.9 0 0 1 0 0 2.7 100 100 100 0
Estona 0 0 3.6 0 0 4 0 0 10.4 100 85.7 100 14.3
Finland 0 0 1 0 0 1.1 0 0 3 100 100 100 0
France 7.4 3.8 13.7 8.2 4.2 15.2 20.4 10.9 35.2 17.2 0.1 82.7 82.6
Germany 14.5 6.8 28.4 16.1 7.6 31.6 36.9 18.9 61.1 0 0 24.9 24.9
Hungary 85.6 79.5 90.1 95.1 88.3 100.1 90 89.9 90 0 0 0 0
Ireland 11.2 3.4 31.4 12.4 3.8 34.9 29.6 9.8 65.2 0.9 0 88.6 88.6
Italy 17.4 12.1 24.3 19.3 13.4 27 42.8 31.6 55 0 0 0.3 0.3
Latvia 4.9 1.2 18.2 54 1.3 20.2 13.9 3.6 44.3 60.3 0 100 100
Lithuania 5.4 2.2 12.4 6 2.4 13.8 15.2 6.4 32.3 50.7 0.3 98.7 98.4
Luxembourg 0 0 24.7 0 0 27.4 0 0 55.6 100 0 100 100
Malta 19.3 12.2 29.2 21.4 13.6 32.4 46.4 319 62.3 0 0 0.3 0.3
Netherlands 10.1 6.2 16.1 11.2 6.9 17.9 27 17.3 40.2 2.4 0 34.6 34.6
Poland 25.4 20.9 30.5 28.2 23.2 33.9 56.7 49.3 64 0 0 0 0
Portugal 10.4 6.7 15.7 11.6 7.4 17.4 27.7 18.6 39.4 1.8 0 26.2 26.2
Romania 4.9 2.6 9 5.4 2.9 10 13.9 7.6 24.4 60.7 57 96.5 90.8
Slovakia 22.8 7.8 50.7 25.3 8.7 56.3 52.5 21.4 82.5 0 0 13.7 13.7
Slovenia 2 0.9 4.5 2.2 1 5 5.9 2.7 12.8 99 68.9 100 31.1
Spain 14.4 10.1 20.2 16 11.2 22.4 36.7 27 48 0 0 2.2 2.2
Sweden 0.3 0.1 1.3 0.3 0.1 14 0.9 0.3 3.8 100 99.9 100 0.1
United Kingdom 3.6 1.7 7.2 4 1.9 8 10.4 5 19.9 86.4 19.8 99.6 79.8
EU (26 MSs) 156 136 179  17.3 15.1 19.9 39.2 34.9 437 0 0 0 0
Norway 0 0 0.9 0 0 1 0 0 2.7 100 100 100 0
Switzerland 2.3 2.3 2.4 2.6 2.6 2.7 6.7 6.7 7 98.2 97.7 98.3 0.6

(a): Baseline survey prevalencef Salmonellacontaminated carcassesalled in EF S A (f): Upper limit of the 95%CI estimated for TCP, using (c).
Assessment Methodology Udits s c i eort (EFSA] 201) obsepved prevalence ar (g): Apparentpooled prevalence (APR)stimatedising the TCP from (d) and the characteristics of the test from (d)aking t

corresponding to the prevalence estimate that accounts for the aspects of clustering into account the poolingf samples according to the process hygiene criteria in poultry asdatd down by Regulatior
for imperfect test sensitivity or specificitfhe EU prevalence estimate also accounts (EC) No 2073/2005.
weighting. (h): Lower limit of the 95% CI estimated for ARBsing(e).

(b): Lower limit of the 95% CI estimated fda). (): Upper limit of the 95% CI estimated for AP#sing(f).

(c): Upperlimit of the 95% Clestimated for (a) ()): Probabilityof meeting the microbiological process hygiene critfPimb.)estimaed from (g)

(d): Trueprevalenceof Salmonellacontaminated carcasses (TC&timatedising(a). (k): Lower limit of the 95% CI estimated fd?rob.,using(h).

(e): Lower limit of the 95% CI estimated for TCRsing(b). (): Upperlimit of the 95% CI estimated fd?rob.,using(i).
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6. Discussion

Salmonellosis has been the second most frequently reported human zoonotic disease for many years in
the EU (EFSA, 2010k However, among the reported febdrne outbreaksSalmonellahas beerhe

most common causative agent, accounting for 1,888 outbreaks in the EU in 2008. Broiler meat and
products thereof were reported to be the fifth most frequent cdiubese outbreaks, following eggs

and egg products, bakery products, pig meat and products thereof and mixed or bufféER®A/s
201@). The data provided by the Part A report indicated ithatany MSs contaminated broiler meat

may be an importarfbod-bornesource of humasalmonellainfections, notably of. Enteritidis that

is the most commonly reported serovar in human salmonellosis cases but@sg@fimurium and
S.Infantis that are also commonly reported in hurBafmonellanfections in tle EU(EFSA, 201@).

In addition, the relatively frequent findings of other serovars of public health importance, such as
S.Hadar,S. Virchow, andS. Kentucky on broiler meat indicatehat broilers are a relevant reservoir

for these serovars all and onstitute a potential foedorne source for human infections.

The presence dbalmonellaon broiler carcasses reflects both surface contamination from faeces and
crosscontaminatiorduring slaughtel(between infected andon-infected slaughter batchHesom the
processing equipment and the processing environment at the slaughterhouse (Corry et al., 2002;
Rasschaert et al., 2008). Following slaughter &admonellapositive broiler batch, unless effective
cleaning is undertakeralmonellacan persist in t# slaughterhouse environment and contateina
subsequent slaughter batches and resuaimonellacontaminatedroiler meatbeingplaced on the

market.

6.1. Context of Salmonellabaseline survey

This EUwide BS estimated the prevalence ©@ampylobactein broiler batches and @@ampylobacter
and Salmonellaon broiler carcassewithin 26 MSs and two neMSs and these estimates were
published in the Part A repofiwo PartB reportswere preparedegardingthe survey A first report
Part B, which was published on5 August2010, provided thedditional EU level Campylobacter
analyses results. The second, presBatt B report presents thadditional analyses withregard to
Salmonellacontaminated toiler carcasses.

During the conduct of the survey, some compulsmyplementary dataeverecorded pertaining to

the broilers sampled, the slaughterhouse involved tardsubsequent handlingf samples The
pragmatic choice as to which potentiak factois for which data should be collectads made by the

MSs, partyb as ed upon EF Sthebsarvey design (E&ERA| 204, ©his Part B report
considers whether any of these factoas beassociated with the presenceS#Imonellaon broiler
carcasses. It should be noted that many potential factors of releeahe&salmonellacontamination

of carcasses such asamong other$ the presence of other farm animals in the holding, hygiene
during slaughter and subsequent processing, slaughter techniques, the speed of the slaughter line and
the cleaning and disinfeoh procedures used, were not a parthef present survey. Also, while the
Campylobactessubsurvey involved sampling at two pangilong the slaughterlineat the
slaughterhouse ipoint where batches were sampleohd at the oupoint, just after chillig, where
carcasses wergampleg the Salmonellasubsurvey only analysed the carcass samples, and therefore
no data forSalmonellawere collected on the prevalence Sdlmonellainfectedbatches as was the

case forCampylobacterFurthermore, sampling waserformed to broadly represent the production
methods present in participating countries, so the number of broilers sampled from minority
production systems was low. For example, 90% of sampled batches originated from conventionally
reared (i.e. housed)rbid s and about 70% of the chilling metho
the BS dataset was unbalanced with respect to certain categoriesk dactors. Consequently, the

power of subsequent anaggswas hampered by these sntplhntityof data n these subpopulations,
resulting in an inability to eliminate chance as the cause of findings, which is important for the
interpretation of the results dhe associated factor analysés such, the present report does not
aspire towards a comprehensamalysis of all risk factors believed to impact®amonellarisk, but

an assessment of, with reasonable confidence, those factors for which information was captured in this
survey by a questionnainedicatedanassociation wittsalmonellgoositivity.

EFSA Journal 2011;9(2)@7 34



" efsa- Analysis of the baseline survey on the prevalendgashpylobactem broiler batches ant
s Foad Sty Rk of CampylobacteandSalmonellaon broiler carcasses, in the EU, 2008, Pais&monella

In some instances the information analysed pertained to production methods e.g. outdoor access
production systems or previous thinning in the flock. Association of such management practices might
reasonably be regar ded amstial o préduce bréilerd iraan alternafey i ndi c a
to manage risk. In other instances the information pertaitieetensitivity of thesampling protocols,

e.g. the time (hours) between sampling and analysis, and ndhiktrictly risk factors, tbse analytal

outcomes might be useful informatiowhen designing and interpreting national monitoring
programmes

MSs could also report other optional information on a voluntary basis, but these data were too scarce
to enable an epidemiological analysis within skepe of this Part B report.

MSs should consider the information available in this report as an adjuhetunderstanding of the
nature of the Salmonella problem in broilers These outcomes may inform national control
programmes or subsequenidapth esearch

6.2. Analysis of factors associated wittsalmonellacontaminated broiler carcasgs

In the EU level multivariable regression analyses (including the tweM®s), the structure of the
statistical models took into account the fact that broilers origigdtiom the same country have a
higher probability of sharing similar domestic conditions, and bailer carcasses from the same
slaughterhouse were submitted to similar processes. Furthermore, possible -cowiuyding
effects were also accouwnt far in the analyses.

Additional analyses performed at the level of the two cquirioups in this survey (i.e. MSs having a

low or high Salmonellaprevalencekllowed the assessment of the variability of effexrftseported
factorsbetween theseountyy groups However,these analyseshouldstill be regarded as indicative

and need to be complemented by specific studies carried out at national level taking into account
domestic conditions

It is alsoworth addressinghe interpretation of findings where ansasiation was not founih the
analysesThe statistical methods used are able to provide a robust answer to the question of whether
the studied variable is associated with prevalenceanldaset. A statistically significant conclusion
indicates that th outcome of association would have been extremely unlikely to have arisen by
chance.However, h some instancesvhere no statistical significance was observdrbnds of
association would appear to be present, but chance occurrence of random evenisoicdigdd
discountedrom the trend in the dataset. This absence of a statistically significant result should not be
understoodo disprove association, merely the inability to rule out chance and therefore the absence of
mention in the final model as an asmted factor should be interpreted in this context

6.2.1. Effect of factors on the risk of Salmonellacontamination of broiler carcasses

ThepresenBS studied eight potentially associated factors: flock production type, previous thinning in
the flock, age (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@ampylobactebased on brodlr carcass samples.

Besides significant differences between the counttiesanalyses of the survey results showed that
two factors were significantly associated at EU level w&almonellacontaminationof broiler
carcasseghe risk ofcontamination wh Salmonellancreased witlihe capacity of the slaughterhouse
and withprocessinghe carcaskter during the day

Salmonellas a known common inhabitant of the intestinal tract of broilers. ,;thasorganism can be
expected to contaminate broiler casses during the slaughtering process as a result of faecal
contamination. Since broiler carcasses are asindfdon which the skin of the animal remains, there
also existsthe potential for carryover of preexisting faecal contamination of the skingiefrom
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contaminated faeces on crates during transportation to the slaughterhouse) through the slaughter
process

The prevalence ofSalmonellacontaminated broiler carcasses increased when the carcasses were
processed later during the daly. could be thatcarcasses sampled later during the day were
contaminatedfrom Salmonellainfected batches slaughtered earlier during the same ik
environmental accumulation of contamination imet slaughterhouse environmer(cross
contaminatioh This indicates the need to investigate the mechanism and relevance, in terms of the
level, of any accumulation of contamination as well as the potential efficacy of slaughterhouse
specific hygienic procedures and or other interventlaeping in mind thaSalmonellacangrow in

the slaughterhouse environmeHbwever,another explanatiofor the higher prevalence later during

the daycould be that knownnfected batches were slaughterleder during the day(logistic
slaughtering).

The observedssociation between tf&almorlla-contaminatiorresulton the broiler carcass and the
capacity of the slaughterhouseslicates that a higher throughput of broiler carcasses seemed to put
carcasses at risk of being contaminafBtis observations supported bya previous study baseth
results from the DutcBalmonellamonitoring programe (FelsKlerx et al., 2008). This may be due

to thedecreased opportunity for cressntamination at the smaller plants, as they work at a slower
pace and with fewer birds and/or flocks. Another reasould be thain larger slaughterhouses more
flocks are combinedhto one batchwhich may increase the cressntamination

However as mentioned abovemany potentialslaughterhoustevel factors of relevance tahe
Salmonellacontaminationof carcasse were notpart of the present survey¥he presence osuch
confoundng factorswarrants caution while interpreting the associations found.

The EU level multivariable analyses did notshow an association between th®almonella
contaminationresult on the boiler carcass anflock production type, quarter of sampling, hours
between sampling and testing, type of chilli@ampylobacteresult on broiler carcasses, age of
broilers, and previous thinning in the flocRs explained above, thabsence of a statisally
significant result at EUlevel, should not beunderstoodo totally disprove associatiormerely the
inability to rule out chance and therefdhe resultshould be interpretedith caution.

At flock level, the age of broilerand the month afampling were earlier found to be associated with
Salmonellgprevalence in the survey of broiler flocsFSA, 2007e)Flocks with younger birds were
associated with a higher risk of beig Enteritidispositive but for the other serovarsS.Infantis,
serovars other thai$. Enteritidis andS. Infantis) there was no association with the age of the broilers.
The prevalence of intestinal contamination Balmonellain broiler flocks has been reported to
decrease with the BaleydasdCoxal§9%) andmesistande efroldes birdsdoi e s
Salmonellaspp. infection might be explained by a natural antagonist digestive flora in caecum and
colon (Nurmi and Rantala, 1973)The analysis of the 206806 broiler flock prevalencealso
suggested an effeof the month of sampling on thi#ock prevalencefor all studied Salmonella
serovars or serovaroupsand broiler flocks sampled durintate autumn and winter of 2008006

were generallycharacterised by a higher risk 8&lmonellainfection a8 Communiy level In the
present carcass survey seasonal effect aimerisk of Salmonellacontaminatiorof broiler carcasses
samples wa®bserved but the presence of imvestigated slaughterhouse management procedures
could have masked such existing assoanaidbatchevel.

Delaying the time between sampling and testiitynotincrease theisk of detectingSalmonellarom

the broilercarcasseand his observatiomight indicate that testing proceduregrerobust Also, d

EU level, no significant diffemece was disclosed between conventional broiler flock production types
and the other production typeBhis is consistent with the findings of t2@052006 broiler survey
werethe flock prevalence fo8. Enteritidisand forserovarsother thanS. Enteritids and S. Infantis

was not differenbetween flock production types (conventional and-monmventional ones).
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The EU level multivariable analyses did notshow an association between th®almonella
contaminatiorresulton the broiler carcass aride type of chilling. However, there were indications
that the risk ofSalmonellacontaminationof carcasses wa®wer in the case of broiler carcasses
chilled by a mixeethilling method in the subset of countries with a carcass prevabetoe 6.4%.
Mixed chilling method included processes withore than one chilling method and such combined
chilling methods, on averageight result inless crosscontamination/redistribution aBalmonella
between carcasses or tendedower crosscontamination.This likely diverging outcome in factors
identified in datasetsat EU level and countrgroup level indicated that risk factors fB8almonella
contaminationof carcasses are likely to change according to prevalence situations, whether low or
high. In general, broiler caasses should be chilled as quickly as possible to limit the growth of
microorganisms on the carcasses.

There was no evidence of association between the resutampylobacterand Salmonellatesting
based on broiler carcass samples, despite the fattdthatepresent faecal contamination of carcasses.
This might reflect that the prevalence $&lmonellacontaminated carcasses was not importantly
influenced by factors favouring cressntamination or spread of both bacteria. This result probably
reflects the different epidemiology and ecology of these organisms, for example differences in
transmission routes to the broiler flocks on farm. Therefbis important to realise that meaningful
and effectiveSalmonellacontrol programmesnay notnecessarilymply that these programmes are
effective in controllingCampylobacter

6.2.2. Effect of the slaughterhouse on the risk ofSalmonella contamination of broiler
carcasses

The effect of the slaughterhouse on caraas#amination waslso considered in the analysebhe
results showed that the baseline rislSafmonellacarcass contamination varied significantly between
countries and between slaughterhousikin a country even when other factors, suchtiase (hour)

of sampling andapacity of the slaughterhoyseere taken into account in the statistical modaus,
there were slaughterhousesithin a country with a higher prevalence and slaughterhouses with
lower prevalence odalmonellacontaminatedarcasses

As mentioned above, many potential factorsatevance tadhe Salmonellacontaminatiorof broiler
carcasses were not a part of the present survey. Slaughtespeasfic factors with a potential effect
on the risk ofSalmonellacontaminationof carcasseghat might explain the observed heteroggne
between slaughterhousesould relate to the withibatch Salmonellaprevalence in the (incoming)
slaughter batches or to the bacterial load of the brivitestinaland faecal contentdloreover, other
slaughterhouse effects might relate to slaughygjiene practices impacting on the extent to which
intestinaland faecal contentsontaminate carcassds.this context the analyses showed #é%o of

the unexplained varianda Salmonellaprevalencemight have beemttributable toslaughterhouse
specfic factorsfor which no data were gathered during the survey

For countries with prevalencéelow the EU medianthe baseline risk ofSalmonella carcass
contaminatiordid not varybetween the slaughterhous&sis could indicate that when prevalence is
gererally low the slaughterhousspecificeffects, such asmpact ofprocess methodsyeweaker For
countries with prevalencabovethe EU mediarthe baseline risk oSalmonellacarcass contamination
varied between the slaughterhousesthla latter subgraip, 49% of the unexplained varianaaight
have beerattributable toslaughterhousspecific factordor which no data were gathered during the
survey It may be in the interest of MSs $tudyfurther these uninvestigated slaughterhessecific
factors intheir country in order to improve the control $&lmonellaand the protection of public
health.

As mentioned abovayhile the Campylobactessubsurvey involved sampling at two points along the
slaughterlinei at the slaughterhouse-point where batches @re sampled and at the augint, just
after chilling, where carcasses were samplatie Salmonellasubsurvey only analysed the carcass
samples, and therefore no data were collected on the prevaleSanmudnellainfected incoming
batchesHowever the Part A reportreported asignificant correlatiorbetween th&2005to 2006 BS
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prevalence results &almonellain broiler flocks (EFSA, 2003 with the 2008 prevalence results of
Salmonellacontaminated broiler carcasses indivgitthat lower broiler flockSalmonellaprevalence
translate into lower prevalence $almonellacontaminated carcasses

6.2.3. Analysis of theSalmonellaserovars distribution

The most commonly reportedlalmonellaserovarsin the surveywere S.Infantis, S.Enteritidis and
S.Typhimurium. The distribution of the serovars variesimong MSs.Although there was a
concentration of mos$. Infantis isolates in Hungary, and a high serespecific prevalence observed
in this country S.Infantiswasstill the most widelydistributed serovabeing rgported in15 countries.
Thus its presenceas not a local phenomenoi&.Enteritidis was present in 14 countries, and its
prevalence distribution shows a predominance of higher véhes other serovargbeing the
dominant serovar ifive MSg), confirmingits role as the most important serovar found in broilers in
Europe S.Typhimurium was less frequently reported compare8.t¢entucky but was more spread
across Europebecause it wassolated in 10countries whileS.Kentucky was foundonly in six
S.Agona ad S.Mbandaka were also widely distributgd0 countries) although at a lower
prevalence.

At EU level the majority of theSalmonellaserovars isolated from broiler carcasses have also been
isolated from flocks with broilers and laying hens, ssiigg the existence of common sources of
Salmonellainfection in poultry productiomnd/or that transmission between the two production types
may occur For many MSs the current serovars appear to have been established in the broiler
production for some iie. Feedmay have played a role in introducing a part of these infections, as
nearly all serovars in broiletgave also beedetected in poultry feed, feed mills or feed raw materials.
Feedshould thereforébe regarded as an important source tf@ introduction of newSalmonella
serovarghatmay be able to establish themselves in poultry hosfimiga shorter or longer period and
constitute a risk for human healffurther studies are necessary to elucidate the importance of feed in
the Salmonellaransnission.

Despite the fact that thBSs in broiler flocks andon carcasses were conducted two years apatet

seemed to be an overall agreement on the presence and distribution of serovars when comparing flocks
and carcasses at MS lewaliggesting that nmy serovars have become weéitablished imational

broiler productios. A few exceptions includéreland and Cyprus, which had a complete change of
profile from onesurveyto another. In Cyprus, these changes are observed even when considering a
wider range of serovars than the ones chosetihafocus of this reportThis changecould bedue to
surveillance and control activities, thre importing of broilers from countries with a predominance of
different serovars. The change in Ireldaadnorevisual but appearanore severe thars actuallythe

case.

The Salmonellaserovars present in broiler carcasses show a relatively fair correlation with the
serovars found in humans. Some prevalent serovars in broiler egcassh asS.Enteritidis,
S.Typhimurium andS. Infantis have been and continue to be implicated in human diseases. Studies on
source attribution suggest thatoiler meat is one of the most important sources of human
salmonellosis in Europe, although the relative importance when comparetietofoedd sources
depends on serovar epidemiology and consumption habits imregon or country (Pires et al.,

2010. The surveyresults seem to support these observations, given the overall predominance of the
same serovars in broiler carcasses, brditeks and humans. Howeve®, Mbandaka, which appears

as one of the most frequently observed serovars among broiler flocks and carcasses, does not seem to
have any major impact on humhealth

6.3. Simulation-based assessment &almonellaprocess hygiene dteria in poultry meat

Using different scenariog a simulationbased assessmeittwas possible to relatprevalence of
Salmonellacontaminated carcassés the probability of meeting th&almonellaprocess hygiene
criteriaset by EU legislatiorand vice versa Given the simulation model used and #ssumptions
made i appeaed that only countries withlow to very low prevalenceof Salmonellacontaminated
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broiler carcassswould meetthe Salmonellamicrobiological process hygiene critefrapoultry meat
with reasonable certaintidowever, mportant differences were observed in tiegtaintyof the MS
specific estimatiogof the probability of meeting tsecriteria. Given the basisimulationapproach
which wasthe same for all M§ thesedifferences related to thewidth of the MSspecific confidence
intervalsaround the baseline survey prevalence estsnate
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CONCLUSIONS

This secondPart Bsurveyreport provides results from further analyséthe BS on Salmonellaon
broiler carcasses at slaughterbeuevel These are results regarding the associatioeigft batch
and/or slaughterhoudevel factors, on which data were collected, éalmonellacontaminationof
carcassedn addition, further analyses of the distribution of the isolakrovars oSalmonellaacross
the EU are included in the current report. Lastly, results are reported from a simidated
assessment of thprobability ofmeeting theSalmonellgprocess hygiene criterion in poultry meat.

e Therisks for contamination oforoiler carcasses witiSalmonellavaried significantly between
countries and between slaughterhousitkin a countryevenwhen other associated factossich
astime (hour) of sampling andlaughtercapacity of the slaughterhouyssere accounted for
Thus, there wer slaughterhouses with a higher prevalence and slaughterhouses with a lower
prevalence ofSalmonellacontaminateadarcassewithin a country

e« At EU level, the risk ofSalmonellacontaminationof carcasses increased withe slaughter
capacity of the slaugérhouse and witprocessingf the carcaskter during the day

« Additional analyses performed for countries withw or high prevalence ofSalmonella
contaminated carcasses, respectively, using the median of prevalence (6.4%) asfthgomit
showedthat there wasa variation between the low and high prevalence countiesactors
indicated to bessociatedFor the low prevalence group the chillimgthod of the carcassess
indicated tobe associated with th@revalence ofSalmonellacontaminatedcarcassesand
carcasses chilled by mixed methods appeared to be at lower risk. For the higher prevalence
country group,there were indications thdhe risk of Salmonellacontaminationof carcasses
increased with thelaughtercapacity of the slaughterhse& and witlthe processingf the carcass
later during the day

e« The analyses showed that 46% of the unexplained variem&almonellacontamination of
carcassesmight have beenattributable to slaughterhousspecific factorsinfluencing the
prevalence oSalmonellacontaminatiorof carcasses bdior which no data were gathered during
the survey It was not possible to estimate the association of these factorsSeailitonella
contaminatiorof broiler carcasses and their potential confounding role on thet &ff factors on
which data were available.

« Themagnitude othe unexplained variancm Salmonellacontamination of carcassess bigger
for the group of countries witBalmonellaprevalence above the EU median compared to the
group of countries with pvalence below the EU mediaRor countries with prevalence below
the EU median the baseline risk ®&lmonellacarcass contamination did not vamgportantly
between the slaughterhouses.

o Even though th&S on broiler flocks and carcasses were conducted/eaos apart, there seemed
to be an overall agreement on the presence and distributébfievént Salmonellsserovars when
comparing flocks and carcassesM§ level, which suggests that many of the serovars have
become welkestablished in the broiler gauctionin the countries

« The Salmonellaserovars presemn broiler carcasses show a relatively fair correlation with the
serovars found in humasalmonellosis casesupporting the results of recent source attribution
studies and the general belief thmbiler meat is one of the most important sources of human
salmonellosis in Europe, although the relative importance when compared to other food sources
depends on serovar epidemiology and consumption habits in each region or country.
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RECOMMENDATIONS

« MSsare invited to consider the factors found to be associated, at EU levelSalitionella
contaminated broiler carcassebten they are designing and implementing natiG@almonella
control programmes for broileneat

« MSs are specifically encouraged to rifg the food business operasofown controls for
Salmonellain their slaughterhouses order to prevent subsequent contamination of broiler
carcass and to impve protection of public healtsincethe slaughter process was shown to have
an impact on th risk of carcass contamination

« Further national studieare recommendetb identify more closely the factors that put broiler
carcasses at risk of becoming contaminated $&tmonellan a country, &king into account the
national Salmonella prevalenceand the characteristics of the national broiler production
including slaughter procedures
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A. STATISTICAL METHODOLO GY USED IN THE ANALY SIS OF THE REPORT PART B PRODUCED FOR
THE EU-WIDE BASELINE STUDY ON THE PREVALENCE OF SALMONELLA ON BROILER CARCASSES

1. Dataimport and management

All data management and statistical anedyis this report were performed using SAS, whereas figures
were constructed using R.

The data provided by EFSA contain informatioslaughterhoussampleevel.

2. Methodology and tools for descriptive analysis

The desidptive section presents a thorough description of the samples by all independent variables.
This descriptive analysis is based on boxplots, barplots, scatter plot frequency tables, as well as some
test to establish the association between the risk fatdrthe result oBalmonella Note that these

results should be interpreted only within the context of an exploratory analysis. Furtheesansiyg
appropriate modelling techniques should be used to validate these results in their proper context.

Hereafter, some detailed discussion is provided on the tests used to thimidgsociation between
Salmonellgorevalence and the independent variables. Note that this association is studied using data at
EU level, that is including/Ssand two norVISs.

Chi-square tests

Consider two categorical variabl¥sandY, X havingl levels andY havingJ levels. ThelJ possible
combinations of outcomes can be displayed in a contingency table hawing for the categories of

X, andJ columns for the categories ¥f The null hypothesis Kof independence is equivalent to cell
probabilities satisfying{n;; = ;7. ;}. For a sample of siza with cell counts{n,;}, the values

{n:;; = nm;;} represent the expected frequencigsthe values of the expectatio{ £(n;;) } when His

true. The sample cell counts can then be compared to the expected frequencies to judge whether the
data contradict K If the null hypothesis is true, tha;; should be close tz;; in each cell. The larger

the differenceqn;; — ju;;}, the stronger the evidence against i practice,.;; can be estimated by

flij = nigpng;/n.
A teststatistic which uses this property is fhearsorChi-square statistic given by

x2 =y ()

flij
which is asymptotically distributed according t€hi-squarewith (7 — 1)(.J — 1) degrees of freedom.

It is difficult to evaluatewhether the available sample size is large enough for these asymptotic results
to be valid.In generalthis is given by{;;; > 5}. When the sample size is small, one can resort to

inferences usingxactdistributions rather than larganple approximations (Agresti, 2002)

Spearman correlation

Also called Spearman Rank Ordwmrrelation (Spearman, 1904his is a nonparametric measure of
association based on ranks of data values. It is noted by:

_ YR, - R)5;, - )
VEAR; — R)3(5; — 5)®
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R;: denotes the rank of thith observation of the first variablé; denotes the rank of thih
observation of the second variable, #h@nd5 are the means of the ranks for each of the variables.
This statistic can be used when the variables mliaal.

Cochran-Mantel-Haenszel Chisquare test for linear trend

The CochrasMantelHaenszelChi-square statistic (ManteHaenszel, 1959) tests the alternative
hypothesisof therebeinga linear association between the row variable (the response) armiutrenc
variable (the risk factor). Both variables must lie on an ordinal scale. The MéagakzelChi-square
statistic is computed as

Qevn = (n-1p*
where p’ is the Pearson correlation between the row variable and the colniable. The Pearson
correlation and thus the MantidaenszelChi-squarestatistic use the Ridit scores, which are defined
as rank scores standaseti by the sample size (Brgs¥958). Under the null hypothesis of no
associationQ.,,, hasan asymptoticChi-squaredistribution with one degree of freedom. This test is

more powerful than the Clsiquare test, because takes into account the ordinal nature of the
variables.

3. Methodology and tools for the regression analysis

The hierarchical sticture in the data can essentially be expressed as follows: broiler carcasses within a
slaughterhouse, and slaughterhouses within a country. Interest goes to prevalence in broiler carcasses.
Therefore, letr; be the probability foa sample to be positive, In;; be the number of samples in
slaughterhousg from countryi. The starting pointlevklprevafenenabe
the different outcome variables is the binomial distribution ferriamber of positive broilers;; in
slaughterhousgfrom countryi:

yij ~ Bin(ng;, m). (1)

In a fully random sample these numbg;;scould be combined in a straightforward way to estimate
the pevalence for country The main complications here are
1) the assumptions on the binomial distribution are violeaed

2) the sample is not drawn at random (but essentially stratified).

Indeed,

« violation of independenceutcomes from the same slaughtert@ase expected to be more alike
(correlated) as compared to outcomes from a different slaughterhouse (hierarchical correlation
structure)

e violation of constant probabilitysamples, even from the same slaughterhouse, might have
different probabilitie®f beinginfected (heterogeneity of probability).

Clustering

To account for the possibility of samples from the same slaughterhouse being more alike than from
different slaughterhouses, there exist, broadly, three approaches:

« ignorethe correlation while this typically leaves the consistency of point estimation intact, the
same is not true for measur es o fie pam@es within o n . I r
a slaughterhouse are more alike than between slaughterhouses), then ignoring thisf #spect
data, just as ignoring overdispersion, overestimates precision and hence underestimates standard
errors and widths ofls;
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« accountfor correlation the existence of correlation is recogal but considered as a nuisance
characteristic. A crude wagf correcting for clustering is done by computing ecatted design
effect Roughly, the design effect is a factor comparing the precision under simple random
sampling with the precision of the actual design. Standard errors, computed as if the design had
been simple random sampling, can then be artificially inflated using the designafitct

« model correlatiort in contrast to the previous viepoint, one can have a genuine scientific
interest in the correlation itself. The inttkass correlation shoulse addressed in order to obtain
valid statistical inferences, and speaati methods which model the correlatiehould be used.

Obviously the third method is much broader. Herawlysis strategies consistent with an interest in
the intracluster depedence can be applied. There exist two important families of models which can
be used for this purposendom effectsnodels and marginal models.

In amarginal or populatiorraveraged modeimarginal distributions are used to describe the outcome
vectorY, given a se’x of predictor variables. A marginal model can be used to evaluate the overall
(or populatioraveraged) trend as a function of covariates. Alternatively,random effectsnodel,

also calle clusterspecific models or multilevel models, the predictor varialxeare supplemented

with a vectoru of random effects (specific to the cluster/slaughterhouse), conditional upon which the
componentsof Y are usually assumed to be independent. Thus, clssgeific models are
differentiated from populaticaveraged models by the inclusion of parameters which are specific to
the cluster/slaughterhouse. random effectsnodek, the intracluster correlation is assumed to arise
from natural heterogeneity in the parameters across clusters (slaughterhouse).

There are two routes to introduce randomness into the model parameters. The first approach
introduces the random effects time probability scale, such as the Beitaomial model (Skellam,
1948). The second approach introduces random effects in the linear predictor, yielding the classical
mixed-effects models (Stiratelli, Laird and Ware, 1984). A random effects logistic regressdel is
an example of the second approach, where it is assumed that the number of positive;amples
slaughterhousgin countryi follow a binomial distribution:

Yij ~ Bin(nij, mi;) (1)

with a mean modééd thraugh a linear predictor containing fixed regression parameseend
slaughterhousspecific parameters;;:

Logit(pi;) = 8; + uij.

It is assumed that the slaughterhoespecific effects are normallyigdributed witha meanof zero and
some variance?, i.e. u;; ~ N(0,07). The above model can be interpreted as a logistic naffedts
model for each slaughterhouse, where some of the regression parameters &drspeltm effects),
while others are not (fixed effects). The random effa;t®xpress how unispecific trends deviate
from the populatioraveraged trends.

In addition to the slaughterhouspecific random intercepts, possibisk factorsare take into
account which are given by categorical, ordinal and continuous variablesss decidel not to use a
global intercept, but rathesllow the random intercept explain the slaughterhouse effect and the
covariates show the posslihfluences on th8almonellaesult.

In order to select the best subset of risk factors, both the forward and the backward sskretion
used Forward selection starts with no predictors at all and then sequentially adds into the model the
predictor ttat most improves the fit. Suppog thecurrent model contains the predictors represented

by parameter estimate,@, and a predictors added this would resultin a matrix of estimable

functionsL; it is assumd that the matrixQ depermls on the estimation method. Thtle improvement
in the fit is based on the type Il test of fixed effects, based on the folldwatagistic:
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- B LE
rankLQL")

A typical strategy adds in sequentially the predictor producing the largest vafestoipping when
no predictor produces d@ratio greater than the 85ercentile of theF, _,_, distribution. Instead,

backward selection starts with the full model and sequentially deletes predictors. Like forward
selection, it used thE-ratio to choose the predictfor deleton: in this case, the predictor producing
the smallesE-ratio at each stageas droppegdstopping when each predictor in the model produces an

F greater than the 85ercentile of theF,  , , distribution when dropped.

Unlike for correlated Gaussian outcomes, the parameters of the -Gpstgfic and population
averaged models for correlated binary data describe different types of effects of the covariates on the
response probabilities (Neuhauk992) The choice between populatiameraged i(e. marginal

models) and clustespecific {.e. mixed effectsmodels) strategies may heavily depend on the scientific
goals. Populatiomveraged models evaluate the overall risk as a function of covariates. h&/ith t
clusterspecific approach, the response rates are rreatlak a function of covariates and parameters,
specific to a slaughterhouse. In such models, the interpretation of-efifead parameters is
conditional on a constant level of the slaughterhapseific parameter (e.g. random effect). Diggte

al. (1994 2002) recommended tlhandom effectsnodel for inferences about individual responses and

the marginal model for inferences about margins, that is, the objectives (or the types of inferences) in a
study should determine which suitable statistical model to use. For more details, see e.gt, dherts
(2002) and Molenberghs and Verbeke (2005).

Weighting

Most statistical procedures ansdythe data as if they were collected as a simple random saksde.

result, these procedures may lead to biased estimates and may underestimate the variability present in
the data, when the data actually arise from complex surveys. Assigning weights to the observations is
one possible approach to correct for theeddhces between the complex survey design and simple
random sampling. In general, weiglat®e usedot ry t o 6éreconstruct the tot
avoid that certain strata or subpopulations are-aweundefrepresentedTlhe weighting scheme fo

broiler carcasses set out below

Ideally, in order to calculate the weights, two pieces of informatimuld be taken into accouffirst
the probability of selection of a slaughterhouse within a country, and second, given that a
slaughterhouse is lseeted, the probability of selecting a specific sample within a slaughterhouse.

For the first probability the total number of slaughtered broiler carcasses within the country and the
number of slaughtered broilers in the slaughterhouses included inrtley skiould be consideredo

calculate the second probability, the number of slaughtered broilers per year in each slaughterhouse
could be usedHowever, the capacity of the selected slaughterhouses is given in the survey as an
ordinal variable categaed in big ranges (for instance,000000-4,999999, 500000009,999999 or

O 1,@0,000). Thus, using this to calculate the second probalfilitythe generabn of weights,more

bias might be introducel, considering the wide ranges of the categories for this variable, @hlys

the first probabilitywas opted for use fpwhencalculatng weights for broiler carcasses.

Note that the total number of slaughtered broilers within a country is provided by the variable
AVO55_ Sl aughPopd, whereas the number of sampl es

Finally, it is observe that the sum of these weights gives an indication of the total number of
slaughtered broilerl in the EU. To avoid overemphaisig the importance of the broilers used in the
sample the standardsation ofcalculated weights therefore needesb that they sump toN;, i.e. the
sample size. In general, this implies that, for broiler/bitdéh slaughterhouse in countryi:
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if 2ine Wisk = N thenY., . (No/N)wijx = N,.

ijk
Therefore, standarsid weightsw};, = (N,/N)w;;. will be usel. For this report, the adjustment
includes 28 countries, Greece did not participate in B8 and two norAvISs, Norway and
Switzerland, participated and are included in this analysis

Multicollinearity analysis among risk factors

A formal method to detechulticollinearity is given by the VIF. This factor measures how much the
variances of the estimated regression coefficients are inflated as compared to when the predictor
variables are not linearly related. Essentially, each risk fix, .08 regressed on the other risk factors

X in the model. The corresponding coefficient of multiple determineRHis then used to calculate

the VIF:

VIF, = (1 - R}H™!

Note that the VIFd equal to 1 whel?; = 0, i.e. when X, is not linearly related to the other risk
factors. WhenR; # 0, then the VIF will be larger than 1, indicating an inflated variance for the

estimatedregression coefficients due to correlations among the risk factors. A maximum VIF
exceeding 10 is frequently interpreted as an indication of multicollinearity.

For the categorical covariates, the VIF can Heutated in a similar way using:
R* =1 — exp{2[log L(M) — log L(0)]/n},

with log L(M) andlog L(0) representing the maxisad loglikelihoods for the fitted model and the
Anull 6 model , cont ai niefergng torhe gamplehsize (Natet & al¢ 96t an
Agresti, 1996).

Intra -cluster Correlation Coefficient

This is a measure to describe the similarity of the respdos® outcome within a slaughterhouse
(cluster).For a random intercept modehet ICC (or intraslaughterhouse correlatioi considering

the variance of the random intercepts and the variance of the standard logistic density (Molenberghs
and Verbeke2005).The ICC wasapproximated as thatio of the variance of the random effeetsd

the sumof the variance of the random effects and théawae of the standard logistic densithe

ICC ranges between zero and one and corresponded respectively to scenarios of low (closer to zero) or
high (closer to one) proportions of unexplained variance that was due to random effects
(slaughterhousspecifc effects, betweeslaughterhouse variabilityl.et z be a matrix of estimable
functions andD be the unstructured variancevariance matrix of the random effetis Thus, the

ICC is given by the following formula:

=tD=

1CC =———

’ LT
=tD= 3
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B. DESCRIPTIVE ANALYSIS OF POTENTIAL FACTORS ASSOCIATED WITH SALMONELLA-
CONTAMINATED BROILER CARCASSES

Flock production type

Table 8 reports the numbers and percentages of broiler carcasses sampled in the EU per flock
production type. Figure 9 displays the barplot of the precalari Salmonellacontaminated broiler

carcasses by flock production type showing that the prevalence is similar between the known
production types, whereas it is significantly higher when the flock production type is unknow?. The

value of the Pearson Chquare statistic (Table 9) is smaller than 0.05, thus there is association
between the prevalence 8almonellacontaminated broiler carcasses and the flock production type,

even thoughFigure 9i ndi cates t hat t hi s as s okcnioawtnioo np riosd utcd ti
type. A graphical display of the distribution of positive and negative broiler carcass samples collected

by country and in the EU per flock production type is presented in Figure

Table 8: Number and percentage of sampled broiler carcassdsdkydroduction type in the EQ
(based on 28 countries), 2008

EU
Flock production type
N %

Conventional 9,152 91.2
Freerange organic 112 11
Freerange standard 641 6.4
Unknown 130 1.3
Total 10,035 100.0

(a): Greece did not participate in tHmseline surveyand two norAMSs,
Norway and Switzerland, participated and are included in this analysis.
Estonia reported all flocks as fregnge standard, but broilers were kept
inside with nooutdoor accesand these data are included in the analysis.

50
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40

10

Prevalence of Salmonella spp. contaminated carcasses (%)

9152 641 2 130

Conventional Standard QOrganic Unknown

Flock production type

Figure 9: Prevalence oSalmonellacontaminated broiler carcasses by flock production type in the
EU® (based on 28 countries), 2008

Note: The numbers appearing withihe shaded areas of the bars indicate the total number of sampled broiler carcasses for
each category.
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(a). Greece did not participate in thmseline surveynd two noAMSs, Norway and Switzerland, participated and are
included in this analysisEstonia eported all flocks as fre@nge standard, but broilers were kept inside with no
outdoor accesand these data are included in the analysis.

Table 9: Pe ar s o ssduare t& test for the independence between flock production type and
Salmonellacontaminatiorresulton the broiler carcass

Chi-square statistic(P-value)

Salmonellaspp 16.09 (0.0011)
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Figure 10: Distribution of Salmonellacontaminated broiler carcasses by flock production type, by country and in tHe2B08

(a): Greece did not participate in thasdine surveyand two noAMSs, Norway and Switzerland, participated and are included in this an&gtisia reported all flocks as freenge standard,
but broilers were kept inside with motdoor accesand these data are included in the analysis.
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Previous thinning in the flock

Table 10 reports the numbers and percentages of broiler carcasses contaminat8dlmithellain

the EU per previous thinning in the flock. Figutd displays the barplot of the prevalence of
Salmonellacontaminated broiler camsses by previous thinning in the flock showing that the

prevalence is independent from previous thinning, even though the samples for which the thinning
status is unknown present a higher prevalence. FFfhea | u e
(Table 11) is smaller than 0.05, thus there is association between the prevaleSedmunella
contaminated broiler carcasses and previous thinning in the flock, even thoughlBigufieates that

of t h esqudPeestatisico n 6 s

(

this association i s tstatusafthé previous thisnma A draphical ldispfayy n k n o v

of the distribution of positive and negative broiler carcass samples collected by country and in the EU

per previous thinningtatus is presented in Figure 12

Table 10: Number and percentage of sampled broiler carcassesavious thinning in the E®

(based on 28 countries), 2008

Previous thinning in the flock

N %
No 5712 56.9
Unknown 1,564 15.6
Yes 2,759 27.5
Total 10,035 100.0

(a): Greece did not participate in tHmaseline surveyand two norAMSs,
Norway and Switzerland, participated and are included in this analysis.
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Figure 11: Prevalence oBalmonellacontaminated broiler carcasses by previous thinning in the EU

@ (based on 28 countries),

2008

Note: The numbers appearing within the shaded areas of the ligcatathe total number of sampled broiler carcasses for

each category.

(a): Greece did not participate in thmseline surveynd two noAMSs, Norway and Switzerland, participated and are

included in this analysis.
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Table 11: P e a r s o-sqdase toCdsi for thedependence between previous thinning in the flock
andthe Salmonellacontaminatiorresult on the broiler carcass

Chi-square statistic P-value)

Salmonellaspp 150.18 (<0.0001)
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Figure 12: Distribution ofSalmonellacontaminated broiler carcasses by previtirsning in the flock, by country and in the E{)2008

(a): Greece did not participate in thaseline survegind two noAMSs, Norway and Switzerland, participated and are included in this analysis.
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Age of broilers

Table 12reports some summary staitis for the age of the broilers (in days) for the sampled broiler
carcasses in the EU. Thevalue of the CochraMantelHaenszel Chgquare statistic (Table 18
smaller than 0.05, thus there is a linear trend between the prevaleSedmuinellacontaninated
broiler carcasses and the age of the broil€igure 13displays the boxplot of the age of broilers by
the Salmonellacontaminatiorresult on the broiler carcasses showing that there is almost no difference
between positive and negative samplegufe 14shows the boxplot of the age of bess per country,
while Figure 15resents the boxplot of the same data, but distinguishing be&abemnellapositive
and-negative samples.

Table 12: Summary statistics (minimum, maximum, mean and standard deviatiothjef age of the
broilers (in days) for the sampled broiler carcasses in th& fased on 28 countries), 2008

Age of broilers Total
EU Min Max Mean Std N
17 150 41.50 8.8 10,035

(a): Greece did not participate in thaseline surveyand two noAMSs, Norway and
Switzerland, participated and are included in this analysis.

Table 13: CochranMantelHaenszel Chsquare test for the linear trend between the age of broilers
andSalmonellacontaminatiorresult on the broiler carcass

Linear trend statistic (P-value)

Salmonellaspp 49.61 (<0.0001)
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Figure 13: Boxplot of the age of broilers, falmonellacontaminatiorresult on the broiler carcasses
in the EU® (based on 28 countries), 2008

(a): Greece did not participate in thmseline surveynd two noAMSs, Norvay and Switzerland, participated and are
included in this analysis.
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Analysis of the baseline survey on the prevalendéashpylobactem broiler batches ant
of CampylobacteandSalmonellaon broiler carcasses, in the EU, 2008, Pais&monella
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Figure 14: Boxplot of the age of broilers per country in the (2008

(a): Greece did not participate in thaseline survegnd two noAMSs, Norway and Switzerland, participated anel induded in this analysis.
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Figure 15: Boxplot of the age of broilers by countries (ordered by prevalenc8abhonellacontaminationon broiler carcasses) and I8almonella
contaminatiorresult on the broiler carcass in the €,.2008

(a): Greece did not participatn thebaseline survegnd two noAMSs, Norway and Switzerland, participated and are included in this analysis.
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Quarter of sampling

Table 14reports the humbers and percentages of broiler carcasses sampled in thegbrtee of
sampling. Figure 16hows the barplot of the prevalenceSdImonellacontaminated broiler carcasses
by quarter of sampling displaying a uniform prevalence over the four quarter®-Vdlee of the

P e a rsChisqgbare stadtic (Table 1% is larger than 0.05, thus there ig any association between
the prevalence dbalmonellacontaminated broiler carcasses and the quarter of samaligiaphical
display of the distribution of positive and negatbreiler carcass samples collected by country and in
the EU per quarter of sgpling ispresented in Figurg?.

Table 14: Number and percentage sémpledbroiler carcasseBy quarter of sampling in the E¥
(based on 28 countries), 2008

EU
Quarter of sampling
N %
JanuaryMarch 2,118 21.1
April-June 2,574 25.7
July-September 2,598 25.9
OctoberDecember 2,745 27.3
Total 10,035 100.0

(a): Greece did not participate in thmseline surveyand two norMSs, Norway and Switzerland, participated and are
included in this analysis.
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Figure 16: Prevalence ofSalmonellacontaminatedoroiler carcassedy quarter of sampling in the
EU® (based on 28 countries), 2008

Note: The numbers appearing within the shaded areas of the bars indicate the total number of sampled broiler carcasses for
each category.

(a): Greece did not participate in thmseline swey and two noAMSs, Norway and Switzerland, participated and are
included in this analysis.
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Table 15: P e a r s osquame teSthfor association between quarter of samplingSatrdonella
contaminatiorresult on the broiler carcass

Chi-square statistic P-value)

Salmonellaspp. 1.06 (0.79)
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Figure 17: Distribution of Salmonellacontaminatecnd norcontaminatedbroiler carcasses by quarter of sampling, by country and in tH&,E2008

(a): Greece did not participate in thaseline survegind two noAMSs, Norway andSwitzerland, participated arade included in this analysis.
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Time (hour) of sampling

Table 16reports the numbers and percentages of broiler carcasses sampled in the EU per time (hour)
of sampling.Figure 18shows the distribution of positive and negathroiler carcasses sampled by
country and in the EU per time (hour) of sampliige P-value of the CochraMantelHaenszEChi-

square statistic (Table L& larger than 0.05, thus there is not any linear trend between the prevalence
of Salmonellacontaninated broiler carcasses and the time (hour) of sampling. This test builds ad hoc
Ridit scores from the sces previously defined.

Table 16: Number and percentage sampledbroiler carcasses biyme (our) of sampling in the
EU® (based on 28 countries), 2008

EU
Time (hour) of sampling
N %
<9am 4517 45.0
9-<12am 3,342 333
12ami <3pm 1,191 11.9
> 3pm 985 9.8
Total 10,035 100.0

(a): Greece did not participate in thmseline surveyand two norMSs,
Norway and Switzerland, participated and are idetlin this analysis.

Table 17: CochranMantetHaenszel Chsquare test for the linear trend betwaéene (hour) of
sampling andalmonellacontaminatiorresult on the broiler carcass

Linear trend statistic (P-value)

Salmonellaspp 1.85(0.17)
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Figure 18: Distributionof Salmonellacontaminated carcassesthye (hour) of sampling, by country and in the ) 2008

(a): Greece did not participate in thaseline survegnd two noAMSs, Norway and Switzerland, participated and are included in this analysis.

EFSA Journal 2011;9(2):2017

64



x efsa- Analysis of the baseline survey on the prevalendgashpylobactem broiler batches ant
s Foad Sty Rk of CampylobacteandSalmonellaon broiler carcasses, in the EU, 2008, Pais&mondh

Time (hours) between sampling and testing

Table18 reports the numbers and percentages of broiler carcasses samthke@&U per time (hours)
between sampling and testing. TRevalue of the CochraMantelHaenszel Chsquare statistic
(Table 19 is smaller than 05, thusthere is a linear trend between the prevalenc8abdfionella
contaminated broiler carcasses and the time (hours) between sampling and testing. This test builds
hoc Ridit scores from the scores previoudfined. Figure 1%isplays the barpladf the prevalence

of Salmonellacontaminated broiler carcasses by time (hours) between sampling and testing showing
that the prevalence diminishes the time (hours) between sampling and testing incre&sgpse 20

shows the distribution of positive anégative sampled broiler carcasses by country and in the EU per
time (hours) between sampling and testing.

Table 18: Number and percentage of santpleroiler carcasseaccording to timghours)between
sampling and testing in the E¥)(based on 28 countries), 20

Time (hours) between sampling EU
and testing N %
< 24 hours 3,190 31.8
24 hours- < 36 hours 4,141 41.3
36 hours < 48 hours 1,136 11.3
48 hours- < 60 hours 995 9.9
60 hours- < 72 hours 261 2.6
72 hours < 80 hours 312 3.1
Total 10,035 100.0

(a):Greece did not participate in theaseline surveyand two norAMSs,
Norway and Switzerland, participated and are included in this analysis.
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Figure 19: Prevalence ofSalmonellaprevalence in contaminated carcasses by hours between
sampling and testing in tHeU® (based on 28 countries), 2008

Note: The numbers appearing within the shaded areas of the bars indicate the total number of sampled broiler carcasses for
each category.

(a): Greece did not participate in thmaseline surveynd two noAMSs, Norway and Switzerland, participated and are
included in this analysis.
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Table 19: CochranMantelHaenszel Chsquare test for the linear trend betwettme (hour9
between sampling and testing &hd Salmonellacontaminatiorresult on the broiler carcass

Linear trend statistic (P-value)

Salmonellaspp 17.14 (<0.0001)
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Figure 20: Distribution of Salmonellacontaminated carcasses by hours between sampling and testing, by country and iff t2e@8U

(a): Greece did not participate in thaseline survegnd two noAMSs, Norway and Switzerland, participated and are included in this analysis.
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Capacity of slaughterhouse

Table 20reports the numbers and percentages of broiler carcasses sampled in the EU per capacity of
the slaughterhouse. THevalue of the CochraMantetHaenszel Chisquare statisti¢Table 21) is

smaller than 0.05, thus there is a linear trend between the prevaleSedmuinellacontaminated

broiler carcasses and the capacity of the slaughterhouse. This testduildsRidit scores fronthe

scores previasly definedFigure 21displays the distribution of positive and ntéga sampled broiler
carcasseby country and in the EU per capacity of the slaughterhouse

Table 20: Number and percentage of the sarddbeoiler carcasseaccording to the capacity of the
slaudhterhouses in the E®), 2008

Capacity of slaughterhouse EU
N %
< 100,000 188 1.9
100,000-499999 338 34
500000999999 340 3.4
1,000000-4,999999 1,271 12.7
5,000,000-9,999999 1,884 18.8
> 10,000,000 6,014 59.9
Total 10,035 100.0

(@) Greece didnot participate in theébaseline surveyand two norMSs,
Norway and Switzerland, participated and are included in this analysis.

Table 21: CochranMantelHaenszel Chsquare test for the linear trend between the capacity of
slaughterhouses aif®hlmonellacontaminabn result on the broiler carcass

Linear trend statistic (P-value)

Salmonellaspp 92.23 (<0.0001)
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Figure 21: Distribution of Salmonellacontaminated carcasses by capacity of the slaughterhouses, by country and i’t12068)

(a): Greece did not partipate in theébaseline survegnd two noAMSs, Norway and Switzerland, participated and are included in this analysis.
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Type of chilling of

For the purpose of this analysis, due to the small number of samples, we grouped the categories

combining mo e

carcasses

than one chi

ng

met hod

n

a

fourth

Table 22reports the numbers and percentages of broiler carcassgdedin the EU per type of
chilling of carcassesFigure 22displaysthe barplot of the prevalence 8almonellacontaminated
broiler carcassdsy type of chillingshowing thaprevalence is similar between timelividual types of

chilling, apart fromair chilling, which is the most used type of chilling amesents a lower

prevalenceTheP-v al u e

of

st Chisqude atatistis Fabe 23is smaller than 0.05, thus

there isan association between the prevalencesafmonellacontaminated broiler carcassasd the
type of chilling, because of the difference betwagrmhilling and the other types graphicaldisplay
of the distribution ofpositive and negativiroiler carcassamples collectedy country and in the EU

per type of chilling

s presented in Figur2s,

Table 22: Number and percentage of sanpkeoiler carcasselsy type of carcasshilling the EU®
(basel on 28 countries), 2008

Type of dilling of carcasses =
N %
Air 7,220 72.0
Immersion 780 7.8
Spray 1,558 15.5
Mixed 477 4.8
Total 10,035 100.0

(a):
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Prevalence ofSalmonella spp. contaminated carcasses (%)
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7220 780

Greece did not participate in theaseline surveyand two norAMSs,
Norway and Switzerland, partfated and are included in this analysis.

1558

477

Air Immersion

Spray

Type of chilling of carcass

Mixed

Figure 22: Prevalence oSalmonellacontaminatedbroiler carcasses by type ofrcasshilling in the
EU® (based on 28 countries), 2008

Note: The numbers appearing within the shaded areas of the bars indicate thartdiat of sampled broiler carcasses for

each category.

(a):

included in this a

nalysis.

Greece did not participate in thmaseline surveyand two norMSs, Norway and Switzerland, participated and are
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Table 23: P e a r s o-sqGase toGdsti for the independence betwbhetype ofcarcasshilling and
the Salmonellecontaminatiorresult on broiler carcass

Chi-square statistic P-value)

Salmonellaspp 22.51 (<0.0001)
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Figure 23: Distribution of Salmonellacontaminatedroiler carcasses by type oéircasshilling, by courtry and in the E\, 2008

(a): Greece did not participate in thaseline survegnd two noAMSs, Norway and Switzerland, participated and are included in this analysis.

EFSA Journal 2011;9(2):2017



efsa- Analysis of the baseline survey on the prevalendgashpylobactem broiler batches ant
s Foad Sty Rk of CampylobacteandSalnonellaon broiler carcasses, in the EU, 2008, Pais&monella

Campylobactecontamination result on broiler carcasses

Table 24 reports the numbie and percentages of broiler carcasses sampled in the EU per
Campylobactercontaminationresult on the broiler carcassdsgure 24displaysthe barplot of the

prevalence ofSalmonellacontaminated broiler carcasseg Campylobacteicontaminationresulton

the broiler carcasseshowing that there is no significant difference in prevalence whatéver
Campylobactecontaminatiorresulton the broiler carcassesTheP-v al ue of t h-squaRear s on
statistic (Table 25 is higher than 0.05, thus there ® association between the prevalence of
Salmonellacontaminated broiler carcassard the Campylobactercontaminationresult on broiler
carcasseskigure 25showsa graphical display ofhe distribution ofpositive and negativéroiler
carcassample<ollectedby country and in the EU p&ampylobactecontaminatiorresulton broiler

carcasses.

Table 24: Number and percentage of santpleroiler carcasseby Campylobactercontamination
resulton broiler carcasses in the E¥{based on 28 countries), 2008

Campylotacterresult on EU
broiler carcasses
N %
Negative 4,130 41.2
Positive 5,869 58.5
Total ® 10,035 100.0

(a): Greece did not participate in thHmseline surveyand two norAVISs,
Norway and Switzerland, participated and are included in this analysis.

(b): For 36 SalmonellasamplescorrespondingCampylobacteresults were
missing.

4a

20
1

Prevalence of Salmonella spp. contaminated carcasses (%)
1a

4130 5869

MNegative Positive

Campylobacier resultin broiler carcass

Figure 24: Prevalence of Salmonellacontaminated broiler carcasses bgZampylobacter
contaminatiorresult on the broiler carcasses in the®(based on 28 countries), 2008

Note: The nunbers appearing within the shaded areas of the bars indicate the total number of sampled broiler carcasses for
each category.

(a): Greece did not participate in thmseline surveynd two norAMSs, Norway and Switzerland, participated and are
included in his analysis. For 36 samples the results were missing.
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Table 25: Pe ar s o nsQuswre 10 htest for the independence betweka Campylobacter
contaminatiorresulton broiler carcasses atite Salmonellacontaminatiorresult on broiler carcass

Chi-square statistic(P-value)

Salmonellaspp 0.47 (0.49)
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Figure 25: Distribution of Salmonellacontaminatedroiler carcasses b€ampylobactecontaminatiorresulton broiler carcasses, by
country and in the E®, 2008

(a): Greece did not participate in thaseline survesind two norMSs, Norway and Switzerland, participated and are included in this analysis.
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