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a b s t r a c t 

One option for Campylobacter control in broiler chickens is to reduce the concentration in the intestinal 

content of the birds prior to slaughter, for example by vaccination or phage therapy. It is however unsure 

how such a reduction in concentration can be translated into a reduction in concentration on the meat 

and a reduction in the human health risk of campylobacteriosis. In this study, two methods are presented 

and compared. The first is a linear regression model, based on count data from caecal contents and skin 

sample data, obtained after processing from the same flocks. Alternatively, a previously published risk 

assessment model is used, that describes the dynamics of transfer and survival of Campylobacter during 

broiler processing at the slaughterhouse. Data from five European countries are used as inputs for the 

models. For both approaches the analyses show that a one to two log reduction in concentration in the 

intestinal content has a large impact on the risk of campylobacteriosis due to the consumption of chicken 

meat: a relative risk reduction between 44% and 95%. Therefore it seems promising to aim interventions 

at a reduction of the concentration of Campylobacter in the broiler intestines. However, it is not possible 

to derive a generic rule that can be used to relate a reduction in concentration in broiler intestines into a 

reduction in human health risk. Regression models based on different data sets predict different relation- 

ships between bacterial count data from caeca and skins, whereas the risk assessment model requires 

data on contamination of the birds’ exterior, which is not sufficiently available in combination with caecal 

concentration data. Simulations performed with the risk assessment model show that it can pretty well 

adequately describe the observed correlation in the data and the variation in regression lines obtained. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

Thermotolerant Campylobacter is a leading cause of zoonotic 

enteric infections worldwide ( WHO, 2012 ) and the most com- 

monly reported human gastrointestinal bacterial pathogen with 

more than nine million cases in the European Union (EU) annu- 

ally ( EFSA, 2011; Havelaar et al., 2012 ). Broiler meat is generally 

considered to be an important source and therefore Campylobac- 

ter research and risk analysis have primarily targeted the broiler 

meat production chain. Control options have been studied by epi- 

demiological risk factor studies, food chain risk assessments and 

experimental work at farm and during slaughter and processing. 
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Despite these effort s, so far no single intervention has been iden- 

tified that in practice can be used to substantially reduce the hu- 

man incidence of campylobacteriosis ( EFSA, 2011 ). In the EU there 

is, however, consensus that the control of Campylobacter at the 

broiler farm is of utmost importance since the bacteria do not 

only spread during handling and consumption of broiler meat, but 

also through the chicken reservoir as a whole ( EFSA, 2010a ). The 

project CamCon, under the European Union’s Seventh Framework 

Programme, therefore studied the potential effects of interventions 

against Campylobacter at the farm. 

At the farm, Campylobacter can be controlled by reducing the 

prevalence of broiler flocks that become colonized with Campy- 

lobacter and by reducing the concentrations of Campylobacter in 

the intestinal content of the animals at the point of slaughter. Re- 

duction of the prevalence can be achieved by interventions that 
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lower the probability of colonization of flocks, as analyzed in risk 

factor studies ( EFSA, 2011, Newell et al., 2011, Sommer et al., this 

issue ), e.g. strict biosecurity measures. Reduction of concentrations 

can potentially be achieved by interventions like vaccination or 

phage therapy ( EFSA, 2011 ). The idea behind these control strate- 

gies is that, even though Campylobacter may not be eliminated, a 

reduced concentration in the intestinal content of the birds will 

lead to a lower number of Campylobacter entering the slaughter- 

house and consequently lower concentrations of Campylobacter on 

the meat. Risk assessment studies suggest that a reduction of the 

concentration is an effective means to reduce the human risk for 

campylobacteriosis ( Rosenquist et al., 2003; Nauta et al., 2009a ). 

A relevant question is how the effect of an intervention aimed 

at reducing the concentration of Campylobacter in the broiler in- 

testinal content can be translated into a reduction in human health 

risk. As the effect of cross contamination from colonized flocks 

to Campylobacter negative flocks is generally considered negligible 

( Johannessen et al., 2007; Callicott et al., 2008; Nauta et al., 2009a ), 

the flock prevalence at slaughter and human health risk of campy- 

lobacteriosis consequential to consumption of broiler meat from 

these flocks are commonly thought to be proportional ( EFSA, 2011 ). 

However, the relation between the concentration of Campylobacter 

at slaughter and the risk will be different, as cross contamination 

and inactivation will occur during processing and food handling. 

Further on, the dose response relation, describing the relation be- 

tween ingested dose and the probability of infection, is non-linear 

( Teunis and Havelaar, 20 0 0 ). Usually, the effects of interventions 

like vaccination and phage therapy are measured in terms of a re- 

duction in the concentration and/or prevalence in birds intestinal 

content, for example in the caeca ( De Zoete et al., 2007 ). However, 

it is not clear what such a result means in terms of reduction of 

the Campylobacter concentration on the processed carcasses, or re- 

duction of human exposure. Bridging that gap requires a risk as- 

sessment model that covers the processing steps at the slaughter- 

house. Several of these models have been developed, but as these 

models apply different transmission dynamics, different data and 

different assum ptions, they have not resulted in a clear answer to 

the question how a reduction of the Campylobacter concentration 

in the broilers intestinal content before slaughter can be translated 

into a reduction of the concentration on the meat or a reduction 

in human health risk ( Nauta et al., 2009a; EFSA, 2011 ). 

Alternatively, it may be an option to use a simpler approach 

and develop a regression model that can describe how, for ex- 

ample, mean caecal concentrations in broiler flocks are related to 

mean concentrations on skin samples or meat samples of pro- 

cessed broilers. For these points in the broiler meat production 

chain, several authors performed a simple linear regression on log 

transformed concentration data. Some studies found a significant 

correlation between the two ( Rosenquist et al., 2006; Reich et al., 

2008; Laureano et al., 2013; Boysen et al., this issue ), but oth- 

ers did not ( Allen et al., 2007; Hansson et al., 2007; Nauta et al., 

2009b; Seliwiorstow et al., 2015a ). EFSA (2011) used the study of 

Reich et al. (2008) to evaluate the effect of vaccination and phage 

therapy on human health risk, using two different risk assessment 

models to link the predicted concentration on broiler skin to hu- 

man health risk. However, Reich et al. (2008) did not precisely re- 

port the regression line obtained and the analysis of censored data 

(i.e. values below the limit of detection) in their study may have 

impacted their results. 

In the present study, we aim to compare the two approaches, 

using a risk assessment model or a simple linear regression model, 

to evaluate whether they predict similar effects of reducing the 

concentrations of Campylobacter in the intestinal content of broil- 

ers on the risk of campylobacteriosis for consumers. More pre- 

cisely, we use a slightly modified version of the risk assessment 

model developed in the Netherlands ( Nauta et al., 2007 ) and a re- 

gression model based on Danish data from 2013 ( Boysen et al., 

this issue ). For both methods, the concentration on the broiler skin 

samples after the chilling step of industrial processing are used 

to assess the human health risk by applying the same consumer 

phase/dose response model ( Nauta et al., 2012 ). If the regression 

model method, which is the simpler approach, gives similar pre- 

dictions of effects on human health risk as the risk assessment 

method, it will be the preferable method, and ideally it could pro- 

vide a rule of thumb for assessing the impact of reductions of the 

concentrations of Campylobacter in broilers at the farm. 

For the analyses of the two approaches, data on Campylobacter 

concentrations in broiler caeca from five different European coun- 

tries are used. These data were collected in the CamCon project 

( www.camcon-eu.net ) and were applied in this study to investi- 

gate the importance of realistic differences in Campylobacter con- 

centrations and potential differences between countries. 

2. Methods 

A list of parameters used in this study is given in Table 1. 

2.1. Risk assessment model 

A modified version of the risk assessment (RA) model of Nauta 

et al. (2007) was applied to evaluate the impact of changes in in- 

testinal concentration on the human health risk, expressed as an 

estimated probability of illness. 

This risk assessment model covers the pathway from the en- 

trance of the slaughterhouse to the effect of consumption of a meal 

with chicken breast fillets. One of the inputs to the model is the 

distribution of the variation in intestinal concentrations of Campy- 

lobacter in a batch of broilers entering the slaughterhouse, C fec . In 

the original model this intestinal concentration is defined as the 

concentration in the feces leaking from the carcass during process- 

ing. Here it is assumed here that data on caecal concentrations can 

be used to describe this distribution. Other inputs relevant for this 

study are the distribution of Campylobacter concentrations on the 

carcass exterior after bleeding ( N ext ) and the within-flock preva- 

lence, which is assumed to be 100% in this study (as in EFSA, 2011 ). 

For other inputs, the same values are used as in Nauta et al. (2007) . 

The last part of the model, the consumer phase model, is mod- 

ified to allow for comparison with the analysis by regression mod- 

els. This means that the Campylobacter concentration on a chicken 

breast fillet, N fillet ( Nauta et al., 2007 ), is used as an input in 

the consumer phase model that was also applied in other studies 

( EFSA, 2011; Nauta et al., 2012; Nauta et al., 2015 ). This consumer 

phase model combines the model of Nauta et al. (2008) with the 

dose response model described by Teunis and Havelaar (20 0 0) .The 

values for N fillet are used as values for concentration on the chicken 

meat C meat (as defined by Nauta et al., 2012 ) by assuming fillets 

weigh 160 g: C meat = N fillet /160 cfu/g. 

The model is implemented in @Risk 6.2 (Palisade), using a com- 

bination of the spreadsheets applied by Nauta et al. (2007) and 

Nauta et al. (2015) . 

2.2. Regression model 

In this study, we apply the regression model of Boysen et al. 

(this issue) , based on 15 flocks from three Danish broiler slaugh- 

terhouse, describing a linear relation between the log concentra- 

tion on broiler skin samples taken after processing (log C skin ) and 

the log concentration found in the caeca (log C fec ). 

log C skin = 0 . 70 log C fec − 2 . 5 , 

with a standard error of the estimate of 0 . 36 . 
(1) 
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