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Rapport in het kort 

Onderbouwing van de normstelling voor Campylobacter op kippenvlees 
 
Campylobacter-bacteriën zijn een van de belangrijkste veroorzakers van 
voedselinfecties in Nederland. Ongeveer 30% van alle ziektegevallen door 
Campylobacter wordt toegeschreven aan besmet kippenvlees. Het gaat dan 
vooral om kruisbesmetting in de keuken van rauw kippenvlees met producten 
die onverhit worden gegeten, zoals salades, en, in mindere mate, om 
onvoldoende verhitting van het vlees. Uit onderzoek van het RIVM is gebleken 
dat een groot deel van deze ziektegevallen kan worden vermeden als het aantal 
bacteriën op kippenvlees tijdens de productiefase kan worden teruggebracht. 
 
De laatste jaren is er meer aandacht voor de hygiëne in de volledige 
productieketen, waaronder in de slachthuizen. In dat verband wil de overheid 
een maximum te stellen aan het aantal Campylobacter bacteriën per 
hoeveelheid geslacht vlees, een ‘proceshygiëne criterium’. Als in een slachthuis 
regelmatig hogere concentraties worden aangetroffen, is het verplicht om 
hygiënische maatregelen in het productieproces te nemen. In dat verband heeft 
het RIVM onderzocht welke resultaten verschillende criteria (strengere en 
soepelere) opleveren, zowel met het oog op de volksgezondheid als op de 
kosten voor de pluimvee-industrie. 
 
Met een grenswaarde van 1000 Campylobacter bacteriën per gram zou het 
aantal ziektegevallen met twee-derde worden gereduceerd. De kosten die de 
pluimvee-industrie zal moeten maken voor de te nemen maatregelen (naar 
schatting 2 miljoen euro per jaar) zijn veel lager dan de kosten van ziekte (circa 
9 miljoen euro per jaar). 
 
Trefwoorden: Campylobacter, kippenvlees, proces hygiëne criteria, 
risicoschatting, kosten-baten analyse. 
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Abstract 

Substantiation of the standards for Campylobacter on chicken meat 
 
Campylobacter bacteria are among the most important causes of foodborne 
disease in the Netherlands. Approximately 30% of all cases of illness are 
attributed to the consumption and preparation of broiler chicken meat. 
 
This mainly concerns cross-contamination in the kitchen from chicken meat to 
product that are consumed raw, like salads, and to a lesser extent under cooked 
meat. Research by RIVM has shown that a large point of these illnesses can be 
prevented if the number of bacteria on chicken meat after industrial production 
is reduced. 
 
Recently there is increased attention for hygiene in the farm to fork production 
check including slaughterhouses. In this context, the Dutch government intends 
to limit the level of Campylobacter bacteria on chicken meat, a so-called process 
hygiene criterion. If higher levels are repeatedly found, the slaughterhouse 
needs to improved processing hygiene RIVM has evaluated the impact of 
different (more or less stringent) criteria, both on public health and on the costs 
for the poultry industry 
 
A critical limit of 1000 Campylobacter bacteria per gram would reduce the 
number of human disease cases by two-thirds. The costs to the poultry industry 
to meet this criterion (estimated at 2 million euro per year) are considerably 
lower than the averted costs of illness (approximately 9 million euro per year). 
 
Keywords: Campylobacter, chicken meat, process hygiene criteria, risk 
assessment, cost-benefit analysis. 
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Summary 

Campylobacter, the most frequently reported bacterial zoonosis in the 
Netherlands, causes a substantial burden of disease. In 2011, there were 
8,490 reported cases of human campylobacteriosis in the Netherlands but the 
true incidence is estimated at 108,000 cases of diarrhoeal illness and 34 deaths 
were attributed to Campylobacter. There are also serious sequelae. The disease 
burden in 2011 was 3,600 Disability Adjusted Life Years and the cost-of-illness 
amounted to 82 million €. Approximately 30% of all cases of human 
campylobacteriosis were attributed to preparation and consumption of broiler 
chicken meat. 
The Dutch government considers establishing a process hygiene criterion (PHC) 
for Campylobacter on broiler meat. In this report, the impact of implementing a 
PHC is evaluated, both with regard to the anticipated effect on public health and 
to the impact on the producers. The analysis is based on data provided by 
NEPLUVI, the association of Dutch poultry processing industries. 16 Dutch 
slaughterhouses measured the level of Campylobacter contamination on the skin 
of broiler carcasses after chilling and on filets on a weekly basis during 
2009-2010. Based on these data, the risk for consumers of campylobacteriosis 
preparation and consumption of broiler chicken meat was calculated per plant 
and per year, using a published risk assessment model. There were considerable 
differences between slaughterhouses in the level of contamination of the 
carcasses and the associated risk. 
Subsequently, a mathematical model was developed to simulate the impact of 
successfully implementing a PHC. There are several limitations in the available 
data that necessitated making assumptions. As a baseline scenario, we 
evaluated a critical limit of 1,000 cfu Campylobacter per gram of breast-and 
neck-skin, with none of 5 samples per batch exceeding the critical limit. 
Assuming that all batches that do not comply are treated so that they pose no 
risk (e.g. by heating), the model predicts 67% (2009) and 72% (2010) 
reduction in consumer risk. In these years, 32% and 37% of all produced 
batches would not meet this PHC. The proportion of batches not meeting the 
criterion varied between 14% and 57% of all batches produced by individual 
plants. In practice, the impact of a process hygiene criterion will be that plants 
with (high levels of) non-conforming batches (that contribute most to consumer 
risks) will improve processing hygiene, leading to reduction of the proportion of 
highly contaminated batches and consumer risks. Choosing other critical limits in 
the PHC (a risk management decision) has important consequences. A more 
stringent critical limit of 100 cfu/g would reduce consumer risks by 98%, but 
55% of all batches would not comply. A more tolerant critical limit of 10,000 
cfu/g would reduce consumer risks by 21%, with 6% of batches not complying. 
Economic analysis suggests that implementing is highly cost-effective from a 
societal point of view. The costs to the Dutch poultry industry are estimated in 
the order of 2 million € per year whereas the benefits to the Dutch economy are 
reduced costs-of-illness in the order of 9 million € per year and public health 
benefits in the order of 400 healthy life years. The benefits are even bigger if the 
consumers of exported meat are considered, or if the PHC would also apply to 
imported broiler meat. 
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1 Introduction 

Campylobacter is the most frequently reported bacterial zoonosis in the 
Netherlands and in the EU [1]. In 2011, there were 8,490 reported cases of 
human campylobacteriosis in the Netherlands, or 50.9 per 100,000 inhabitants 
[2]. This is approximately the same as in 2010, but considerably higher than in 
the previous decade (when it was around 40 per 100,000 inhabitants). The 
reported cases are only a fraction of the total cases. In 2011, Campylobacter 
was estimated to cause 108,000 cases of diarrheal illness in the Netherlands, of 
which 26,000 patients visited their general practitioner and 1,100 were 
hospitalized [3]. Campylobacter was involved in the death of 34 persons. The 
infection is also associated with long term sequelae, including 79 cases of 
Guillain-Barré syndrome, 1.900 cases of reactive arthritis, 9,400 cases of 
irritable bowel syndrome and 23 cases of inflammatory bowel disease. Together, 
these different disease manifestations resulted in a disease burden of 
3,600 Disability Adjusted Life Years, while the cost-of-illness was estimated at 
82 million € [4]. 
 
Campylobacter bacteria inhabit the intestinal tract of all warm-blooded animals 
(reservoirs) including the main food producing species chickens, pigs and cows. 
Human exposure is possible via different pathways including food (in particular 
meat), the environment and direct animal contact. Due to the complex 
transmission cycles, it is difficult to present precise estimates of the contribution 
of different reservoirs and pathways to the human disease outcome. Based on 
new information from molecular typing studies, it is estimated that 66% of all 
strains infecting humans originated from the chicken reservoir, 20-25% from the 
bovine reservoir and the remainder from other reservoirs including sheep, pigs, 
and wild-living animals [2]. The chicken reservoir includes both broiler chickens 
and laying hens [5]. Re-analysis of a case-control study in 2002-2003 suggests 
that among strains from the chicken reservoir, 42% are related to consumption 
of broiler meat [6]. Hence, overall 42% of 66% = 28% of all cases of human 
campylobacteriosis is attributed to consumption of chicken meat. 
 
As broiler meat is the largest identified source of human exposure to 
Campylobacter bacteria, authorities in the Netherlands as well as in the EU and 
elsewhere is seeking cost-effective ways to intervene. The bacteria are 
introduced in the food chain at the farm, where broiler flocks may be colonized, 
followed by rapid spread so that after introduction, more than 90% of the birds 
will be colonized within approximately 1 week and shed levels of 108 cfu/g in 
their faeces. Flock prevalence is highly seasonal with peak occurrence in the 
summer months. Prevention of colonization requires strict biosecurity, but even 
in countries with very low winter prevalence, such as Norway and Sweden, a 
distinct summer peak in prevalence is typically observed. In countries of lower 
latitudes and with more densely populated agricultural areas, prevention of 
Campylobacter in broiler flocks is very difficult and considered to be a feasible 
intervention only in the medium-to-long term [7]. As controlling Campylobacter 
on-farm would not only influence transmission via meat but also via other 
(environmental) pathways, this option would have a higher public health impact 
than interventions later in the chain. However, for the short-term, interventions 
later in the food chain are considered more feasible. Such interventions could 
either target the processing industry (slaughtering and dressing, cutting, etc.) or 
consumers / food handlers. Even though current food handling practices largely 



RIVM Letter report 330331008 

 Page 8 of 35 

eliminate the infection risk, the high frequency and level of contamination of 
fresh meat results in occasional failures of the hygiene barriers during food 
preparation. Undercooking of meat is of minor importance; most human cases 
are related to cross-contamination in the kitchen from contaminated meat to 
ready-to-eat products [8, 9]. Intensification of consumer education is not 
expected to resolve this problem [10, 11]. Reducing the contamination of fresh 
meat entering the kitchen is currently the most effective approach and most 
efficiently realized at slaughter [10]. Different slaughterhouses in the 
Netherlands produce meat with different prevalences and numbers of 
Campylobacter, and associated differences in health risks [12]. Even though the 
reasons for these differences in performance are not currently understood, this 
indicates that improvements in processing hygiene are possible. 
Unlike many other bacteria, Campylobacter is unable to multiply outside the 
intestinal tract of warm-blooded animals. This implies that when carcasses leave 
the slaughtering plant, bacteria will die and/or be removed from consumed 
products and only a small fraction of all bacteria initially present on the meat will 
ultimately reach the consumer. As a consequence, a zero-tolerance for 
Campylobacter on fresh chicken meat is not necessary to achieve a high degree 
of consumer protection. Several risk assessment studies have demonstrated that 
the main consumer risks are associated with the most highly contaminated 
products and that risk management strategies aimed at preventing such highly 
contaminated products from reaching the consumer are both effective and 
efficient [13-15]. 
 
Based on these considerations, the Dutch government considers establishing a 
microbiological criterion for Campylobacter on broiler meat. In this report, the 
impact of implementing a microbiological criterion (MC) is evaluated, both with 
regard to the anticipated effect on public health and to the impact on the 
producer. The public health impact is evaluated using risk assessment 
modelling, by simulating the current situation and a situation in which an MC 
would be implemented. By comparing the consumer risk in both scenarios, a 
measure of the risk reduction by implementation of the MC is calculated. The 
impact on the producer is evaluated by estimating which proportion of produced 
batches would not meet the MC. The costs of further preventive measures 
depend on the risk management decision regarding how to deal with such 
batches. If the MC would be implemented as a food safety criterion (FSC) as 
defined in EU legislation [16], non-complying batches would need to be 
withdrawn or recalled from the market or submitted to further processing by a 
treatment eliminating the hazard, incurring high costs to the industry. A less 
restrictive policy would be to subject non-compliant batches to freezing, thereby 
inactivating Campylobacter bacteria by several orders of magnitude. Such an 
approach is practiced in e.g. Norway and Iceland, based on the status of the 
flocks at farm [17, 18]. However, FSC can only be set in European legislation, 
and not by individual Member States. Therefore, the Dutch government 
considers to establish a process hygiene criterion (PHC), also defined in EU 
legislation. Test results would not have direct consequences for the batch, but 
corrective actions by the producer would be required in order to improve the 
hygiene of the process according to food law. In this report, we will not assume 
any specific risk management action, but will assume that, ultimately, all 
produced batches that do not meet the MC are processed such that zero risk is 
associated to them. The current approach is thus a best-case scenario in terms 
of attainable risk reduction. In case of a FSC, this target would be reached 
immediately, with high potential consequences for industry and even food 
security, whereas in case of a PHC, the target would be reached after a 
transitional period. 
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In this report, a risk assessment modelling approach is used to evaluate the 
potential impact of successfully implementing a PHC on the risk of 
campylobacteriosis for consumers of Dutch broiler chicken meat. The results of 
the risk assessment model are then used in a cost-benefit analysis. 
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2 Microbiological criteria 

The Codex Committee on Food Hygiene (CCFH) has recently decided to move 
forward a revised document on microbiological criteria [19]. This document 
includes approaches to implement risk-based microbiological criteria, which is 
the aim of the current report. According to CCFH, a microbiological criterion 
consists of the several components, presented below with an explanation of their 
application in the current study. 
 
 The purpose of the microbiological criterion - to assess the acceptability of a 

production process in a specific broiler slaughterhouse in reference to control 
of contamination of the end-product with Campylobacter spp.; 
The food, process or food safety control system to which the microbiological 
criterion applies –industrial slaughtering of broiler chickens; 

 The specified point in the food chain where the microbiological criterion 
applies – broiler chicken carcasses after chilling; 

 The microorganism(s) and the reason for its selection - 
thermophilic Campylobacter spp., a major foodborne pathogens with 
approximately 30% of all cases attributed to preparation and consumption of 
broiler chicken meat; 

 The microbiological limits - 
a two-class sampling plan is chosen (i.e. only m is defined as the limit 
between complying and non-complying batches); the risk assessment will 
evaluate the impact of different values form on consumer risk and batch 
compliance; 

 A sampling plan defining the number of sample units to be taken (n), the size 
of the analytical unit and where appropriate, the acceptance number (c);-  
in this report mainly n=5 and c = 0 are chosen, and some numerical 
experiments were done with n=3 and n=1; 

 Depending on its purpose, an indication of the statistical performance of the 
sampling plan - 
the statistical performance of the sampling plan is an integral part of the risk 
assessment; and 

 Analytical methods and their performance parameters - 
data used in the risk assessment have been obtained using an enumeration 
method according to ISO 10272-2; no correction for analytical sensitivity and 
specificity is made. 
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3 Methods 

3.1 Data analysis 
From NEPLUVI, the association of Dutch poultry processing industries, we 
obtained data on broiler meat samples taken in the context of the “Convenant 
Campylobacter Aanpak pluimveevlees in Nederland”. Data were obtained during 
the years 2009-2010 from 16 poultry slaughterhouses, where each week, three 
samples of breast skin of carcasses after chilling and of breast filet after cutting 
were taken for Campylobacter enumeration. See [20] for more details on the 
sampling plan, procedures, and results. Results were reported anonymously. 
 
The count data are well approximated by lognormal distributions. However, the 
data are censored at the lower end, i.e. by the detection limit of the analytical 
methods. In Appendix 1 we outline how to simultaneously estimate the 
prevalence and parameters of the lognormal distribution from this censored 
dataset. 
 
 pF, batch prevalence, the fraction of contaminated batches; 
 µ, the average (log cfu) of the lognormal distribution of counts in 

contaminated flocks; 
 σ, the standard deviation (log cfu) of the lognormal distribution of counts in 

contaminated flocks. 

 
Uncertainty in the parameters is assessed using a non-parametric bootstrap. 
 
 

3.2 Between and within batch distributions 

The procedure outlined in the previous section yields a prevalence which we 
interpret as a fraction of batches consisting of positive boilers (carcasses). The 
event Y denotes a batch being positive, which happens with probability pF. 
  (1) 
At the carcass level, let the random variable X denote the log cfu/g 
Campylobacter on the skin. We assume that the within batch prevalence is 
100% (pB=1, henceforth we subscript variables dealing with within-batch 
quantities with a B ), and that X is normally distributed for positive batches, 
 | ~ ,  (2) 
The average µB is itself a random variable which we assume to be normally 
distributed between batches: 
 ~ ,  (3) 
The variance σ2 obtained in the previous section represents variation over both 
batches and carcasses, 
  (4) 
In the absence of data describing the relation between batch and within batch 
variation in contamination, we follow [21] and assume a constant factor of 
proportionality: 
 0.3	  (5) 
 0.7	  (6) 
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3.3 Microbiological criteria 

A microbiological criterion is applied to a batch in the form “No more than c out 
of n samples may have more than m cfu/g”. The probability of finding at most m 
log cfu/g in a random carcass in a given positive batch with given mean a is 
 	| 1 ; ,  (7) 
where F denotes the cdf of the normal distribution. The probability of finding at 
most c of those out of n samples is a Binomial process, 
 | , ∑ 1 ; , ; ,  (8) 
where C stands for ‘compliance’. 
If we look at a random batch instead of a batch with fixed mean a, then we need 
to compound with the distribution of µB. Also, we must correct for the between 
batch prevalence, 
 | |  
  1 	  
  	 ; , ∑ 1 ; , ; ,

∞

∞
 (9) 

Thus, P(C) is a very complicated function of m, n, c, pF, µF, σF and σB. For given 
values of the parameters, P(C) can be numerically approximated, by drawing 
X1,...,XN from a N(µF, σF) and calculating 
 1 ∑ ∑ 1 ; , ; ,  (10) 
For large N, this Monte Carlo procedure will converge to the true value of P(C). 
 
 

3.4 Calculating the risk 

For calculating the public health risk we use the Nauta Consumer Phase Model 
(CPM), based on observational studies in Dutch kitchens [14]. Abstractly, the 
CPM can be described by a function g(µB, σB), transforming the distribution of 
cfu’s on a batch of carcasses (described by a mean and standard deviation) to 
an average probability of illness, upon consumption of a filet from this batch. 
Following [21], as a first approximation, we base our analysis on the skin data, 
and describe the transformation from counts on the skin to counts on the filet by 
subtracting a term τ, which we can derive from the distribution fits of counts on 
breast skin and filet, respectively. 
 
For a risk measure of a batch we calculate the expected value of g(µB -τ, σB), 
 τ, 	 τ| ,  
 ≝ τ, ; ,

∞

∞
 (11) 

This integral can be approximated by the following Monte Carlo procedure, draw 
X1,...,XN from a N(µF, σF) and calculate 
 ∑ τ,   (12) 
 
 

3.5 Risk after removal of batches not meeting the criterion 

We wish to calculate the effect of actions undertaken on the non-compliant (NC) 
batches. More specifically, we will investigate the effect of assigning zero risk to 
NC batches. Starting with the baseline risk for a batch, we condition on the 
events NC and C, 
 τ,  
 τ, P C|Y, τ, P NC|Y,  
 τ, P C|Y, τ, P NC|Y,  
  (13) 
Thus, we have split the risk into a risk associated to complying batches, and a 
part associated to non-complying batches. We then set the risk of non-
complying batches to zero and obtain 
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 τ, | | ,
∞

∞
 (14) 

With an MC procedure, we estimate RC as 

 , (15) 
where, X1,...,Xn is a sample from N(µF, σF). The relative effect of acting on the 
outcome of the microbiological criterion can be expressed as a relative risk 
  (16) 
Note that this relative risk is independent of the prevalence. In the presentation 
of the results, we will use the notion of ‘preventable fraction’, PF, which is easier 
to interpret. The PF indicates the potential fraction of cases attributed to broiler 
meat that can be prevented by successful implementation of the criterion. It is a 
number between the extremes zero (no benefits possible, the ideal situation was 
already achieved) and one (implementation of the criterion will reduce public 
health risk to zero). The PF is defined by 
 	 1  (17) 
The BNMC, fraction of batches not meeting the criterion is defined by, 
 1  (18) 
Note that, in contrast to the PF, this quantity does depend on the prevalence via 
equation (9). 
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4 Results 

4.1 Fitting distributions to the data 

The results of the parameter fits to counts obtained from breast skins and filets 
in all slaughterhouses combined are given in Table 1 and shown in Figure 1. 
 
Table 1. Fitted prevalence of Campylobacter on broiler carcasses and breast 
filets, and mean and standard deviation of lognormal distribution of counts in 
contaminated batches (all slaughterhouses per year). Uncertainty intervals 
(95%) are indicated in brackets. 

Skin PF  µ (log cfu/g) σ (log cfu/g) 
2009 0.75 (0.70, 0.82) 1.82 (1.65, 1.95) 1.09 (1.00, 1.18) 
2010 0.61 (0.58, 0.64) 2.17 (2.09, 2.24) 0.92 (0.85, 0.99) 
Filet PF µ (log cfu/g) σ (log cfu/g) 
2009 0.40 (0.34, 0.49) 0.50 (0.17, 0.73) 1.17 (1.02, 1.36)  
2010 0.38 (0.32, 0.50) 0.37 (-0.09, 0.66) 1.26 (1.07, 1.50) 
 
The cutting process appears to halve the prevalence of contaminated units. The 
Campylobacter counts on positive units have decreased by about 1.3 log units 
(2009) and 1.8 log units (2010). The variance has increased by a factor of about 
0.15 (2009) and 0.34 (2010). Results look very similar for 2009 and 2010. Skin 
and filet prevalence decreased somewhat. There is a slight increase in mean log 
numbers for the skin, and a slight decrease for the filet, a decrease in standard 
deviation on the skin, and an increase of the standard deviation on the filets. 
Table 2 shows the same results, per slaughterhouse. Overall, there were no 
major differences between 2009 and 2010, although overall prevalences seem 
somewhat lower, while mean log-cfu values look somewhat higher. 
 
Table 2. Prevalences, means and standard deviations and τ-factor, obtained 
from fitting zero-inflated lognormal distributions, for the year 2009 (leftmost 
columns) and 2010 (rightmost columns). 

Nr* p µ (log cfu/g) σ τ (log cfu/g) p µ (log cfu/g) σ τ (log cfu/g) 
1 0,53 1,78 0,74 0,93 0,79 1,28 1,06 3,51 
2 1,00 1,60 1,23 0,90 0,70 2,24 0,80 2,51 
3 1,00 1,94 1,50 0,39 0,90 1,99 1,34 1,23 
4 0,96 1,78 1,03 1,53 0,69 2,23 0,87 1,46 
6 0,58 2,65 1,11 0,81 0,45 2,67 1,04 1,40 
7 0,39 1,96 0,71 1,47 0,49 1,82 0,81 2,26 
8 0,52 2,21 0 76 1 47 0 43 2 67 0,58 1,41 
9 0,47 1,99 0,91 1,15 0,46 2,03 1,22 1,04 

10 1,00 1,43 1,09 1,93 0,76 2,10 0,93 1,68 
11 0,66 2,04 0,86 1,06 0,47 2,53 0,64 1,40 
12 0,77 1,96 0,90 1,75 0,57 2,35 0,86 1,47 
13 0,72 1,59 1,31 1,31 0,52 2,19 0,93 1,48 

14^ 0,77 2,00 0,63 1,05 0,85 1,75 0,84 0,89 
15 0,73 2,01 0,96 1,91 0,75 2,26 0,75 1,36 
16 0,94 1,00 1,48 0,06 0,43 2,14 0,94 1,44 
17 0,70 1,93 0,84 1,19 0,67 2,16 0,69 1,56 

* Anonymous slaughterhouse number; plant nr. 5 stopped production in 2009 
^ 

Slaughterhouse 14 sampled carcasses after cooling for approx. 3 days instead of on the day of slaughter 
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 SKIN BREAST FILETS 

   

    
Figure 1 Fitted distribution of Campylobacter counts in contaminated batches of 
broiler carcasses. Skin (left panels) and breast filets (right panel). The rows 
indicate the years 2009 and 2010. The bars extended to the top of the panel 
represent censored data; those bars are truncated for clarity. 
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4.2 MC results per slaughterhouse 

In this section we apply the MC to each individual slaughterhouse. 
 
Table 3. Effect of a microbiological criterion (m=1,000; n=5; c=0), for the years 
2009 and 2010. 

The column RB indicates baseline risk, PF indicates the preventable fraction, RR the relative risk, BNMC the 

fraction of batches not meeting the criterion and ‘relative risk’ the baseline risk relative the mean baseline risk. 

 
 2009    2010    
Nr* RB Relative 

Risk  
BNMC PF RB Relative 

Risk  
BNMC PF 

1 0,002 0,50 0,10 0,32 0,000 0,02 0,16 0,38 
2 0,007 1,44 0,41 0,63 0,001 0,20 0,35 0,72 
3 0,020 3,95 0,62 0,79 0,008 2,58 0,54 0,79 
4 0,003 0,60 0,37 0,60 0,003 1,12 0,37 0,71 
6 0,011 2,26 0,46 0,89 0,005 1,60 0,36 0,90 
7 0,001 0,21 0,10 0,42 0,000 0,11 0,14 0,47 
8 0,002 0,43 0,24 0,63 0,003 0,99 0,29 0,79 
9 0,003 0,53 0,20 0,60 0,005 1,52 0,27 0,78 
10 0,001 0,25 0,28 0,53 0,002 0,83 0,37 0,69 
11 0,004 0,83 0,27 0,58 0,003 0,95 0,28 0,73 
12 0,002 0,35 0,30 0,60 0,003 1,05 0,34 0,75 
13 0,004 0,72 0,31 0,68 0,003 0,86 0,28 0,73 
14^ 0,004 0,75 0,18 0,34 0,005 1,52 0,22 0,40 
15 0,002 0,31 0,33 0,67 0,004 1,26 0,36 0,64 
16 0,011 2,26 0,29 0,52 0,002 0,70 0,22 0,70 
17 0,003 0,63 0,24 0,51 0,002 0,67 0,25 0,52 
* Anonymous slaughterhouse number 
^ 

Slaughterhouse 14 sampled carcasses after cooling for approximately 3 days instead of on the day of 

slaughter 
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We observe from Table 3 that there were considerable differences in the 
baseline risk between slaughterhouses, as previously observed [12]. The highest 
risk in 2009 was associated with plant nr. 3 (3.95 x the baseline risk, averaged 
over all plants), while plants nr. 7, 8, 12 and 15 were associated with a risk of 
0.21-0.35 x the mean baseline risk. In 2010, the average baseline risk was 
generally lower than in 2009, suggesting that some improvements had been 
successfully achieved (Table 3). The differences between plants were also 
somewhat smaller than in 2009. Nevertheless, the highest risk was again 
associated with plant nr. 3. In general, we expect that a lower baseline risk is 
associated with a lower fraction of batches not meeting the criterion (BNMC), 
and a lower preventable fraction (PF). This is indeed observed in the results as 
the highest values for both BNMC and PF were found for plant nr. 3  
(BNMC = 0.62, 0.54 and PF = 0.79, 0.79 in 2009 and 2010, respectively). The 
correlation is not 1:1, however because the differences between Campylobacter 
plants of one plant within a year are also important. Thus, plant nr. 14 had a 
relative risk of 0.75 but PF was only 0.34 while BNMC was 0.18; this plant also 
had the lowest standard deviation of all plants (0.63, see Table 2). In contrast, 
for plant nr. 15 with a standard deviation of 0.96, PF was 0.67 with 0.33 BNMC. 
This again underlines that occasional batches with high counts are very 
important drivers of risk and that constant performance of plants is important to 
control risks. 
 
In 2009, there were 2 plants with BNMC ≤ 10% and 4 with BNMC ≤ 20%; in 
2010 this was 0 and 2 plants, respectively. 2 had BNMC < 20% in both years. 
Hence, the impact of an MC differs strongly between plants, both concerning risk 
reduction and the need to adapt processing hygiene. 
The overall risk reduction by consistently meeting the MC in all plants would be 
67% and 72% in 2009 and 2010, respectively. There would be 32% and 37% of 
batches not meeting the microbiological criterion. 
 

4.3 Evaluation of different critical limits in the MC 

In this section we consider all slaughterhouses combined, and investigate the 
effect of changes in the parameters of the microbiological criterion. We evaluate 
n=5,3, and 1, (five, three or one sample(s) per batch) and c=0 (no exceeding 
the criterion allowed) fixed, and vary m, the critical limit. 
Figure 2 shows the effect of the microbiological criterion on BNMC. As expected, 
the fraction of batches that do not meet the criterion is a decreasing function of 
the critical limit m. But, the relation is not linear. Deceasing m from 105 to 104, 
has much less effect than decreasing m from 103 to 102. Decreasing the number 
of samples leads to a decrease of the number of batches not meeting the 
criterion, as it becomes more likely to miss highly contaminated batches by 
chance. 
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Figure 2. The effect of varying the critical limit m on BNMC, the fraction of 
batches not meeting the criterion, for 2009 (left) and 2010 (right).Different 
curves represent differing sample sizes as indicated in the legend. 

 
We see from Figure 3 that the preventable fraction is also a decreasing function 
of m. The effect is however very nonlinear with an almost flat regime between 
m=0 and m=2 (for n=3 and 5), and an almost linear decrease around 
approximately m=2 to m=4. 
 

    
 

Figure 3. The effect of varying the critical limit m on PF, the preventable 
fraction, for the years 2009 (left) and 2010 (right). Different curves represent 
differing sample sizes as indicated in the legend. 

 
Figure 4 is a combination of Figure 2 and Figure 3, where the benefit (in terms 
of the preventable fraction) is plotted against the cost (in terms of non-
complying batches). The effectiveness of the criterion is evident from the shape 
of the curve. In the case of proportional effectiveness, one would observe the 
straight line PF=BNMC/pF (note that PF ranges between zero and one, but that 
BNMC is limited by the prevalence). But, we see e.g. at 10% BNMC a 30% 
preventable fraction for 2009. Comparing 2009 to 2010, we find that the points 
in 2009 were slightly more removed from the BNMC=PF/pF line than in 2010. 
This indicates that a fixed BNMC would have led to an only slightly higher 
preventable fraction in 2009. In these graphs we see very little effect of the 
sample size, this modifies the curve only slightly. Rather, changing the value of 
n moves a point along the curve, which is not visible in this representation. 
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Figure 4. The preventable fraction (PF) as a function of the proportion of batches 
not meeting the criterion (BNMC), for the years 2009 (left) and 2010 (right). 
Different curves represent differing sample sizes as indicated in the legend. 
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4.4 Results per slaughterhouse 

Expanding on Table 3, we present results for each slaughterhouse under different microbiological criteria. In addition to m=3, Table 4 
also gives the BNMC and PF for log m=2 and log m=4 for both 2009 and and 2010. 
 
Table 4. A comparison of microbiological criteria for m=2, m=3 and m=4, for each slaughterhouse, for both 2009 and 2010. 

Year 2009      2010       

m (log)  2  3  4   2  3  4  
nr R.B BNMC PF BNMC PF BNMC PF R.B BNMC PF BNMC PF BNMC PF 
1 0,002 0,42 0,90 0,10 0,32 0,00 0,02 0,003 0,49 0,80 0,16 0,38 0,02 0,08 
2 0,007 0,80 0,92 0,41 0,63 0,10 0,21 0,002 0,67 0,99 0,35 0,72 0,04 0,15 
3 0,020 0,89 0,96 0,62 0,79 0,29 0,46 0,013 0,81 0,97 0,54 0,79 0,22 0,43 
4 0,003 0,80 0,94 0,37 0,60 0,07 0,17 0,003 0,65 0,98 0,37 0,71 0,07 0,19 
6 0,012 0,57 0,99 0,46 0,89 0,23 0,55 0,007 0,45 1,00 0,36 0,90 0,15 0,49 
7 0,001 0,35 0,95 0,10 0,42 0,00 0,02 0,002 0,41 0,94 0,14 0,47 0,01 0,05 
8 0,002 0,49 0,98 0,24 0,63 0,02 0,08 0,003 0,43 1,00 0,29 0,79 0,02 0,08 
9 0,003 0,42 0,96 0,20 0,60 0,03 0,12 0,006 0,41 0,97 0,27 0,78 0,10 0,36 
10 0,001 0,72 0,90 0,28 0,53 0,04 0,12 0,003 0,70 0,98 0,37 0,69 0,07 0,19 
11 0,004 0,60 0,97 0,27 0,58 0,03 0,11 0,003 0,47 1,00 0,28 0,73 0,03 0,10 
12 0,002 0,68 0,96 0,30 0,60 0,04 0,13 0,003 0,55 0,99 0,34 0,75 0,07 0,22 
13 0,004 0,57 0,93 0,31 0,68 0,09 0,28 0,003 0,49 0,98 0,28 0,73 0,06 0,21 
14 0,004 0,69 0,95 0,18 0,34 0,00 0,01 0,005 0,70 0,91 0,22 0,40 0,01 0,04 
15 0,002 0,66 0,97 0,33 0,67 0,07 0,21 0,004 0,72 0,99 0,36 0,64 0,04 0,09 
16 0,011 0,61 0,82 0,29 0,52 0,08 0,19 0,002 0,40 0,98 0,22 0,70 0,04 0,20 
17 0,003 0,61 0,95 0,24 0,51 0,02 0,07 0,003 0,63 0,98 0,25 0,52 0,01 0,04 
 
The log m=2 criterion is very restrictive. Although the preventable fraction is generally over 95%, the percentage of batches not 
meeting the criterion is also high, typically over 40%. This differs markedly between slaughterhouses. A higher baseline risk often 
yields a higher BNMC, but not necessarily (e.g. numbers 12 and 13), and not linearly (e.g. 13 and 14 have equal baseline risk, but 
differing BNMC, 3 has much higher baseline risk than 4 but almost equal BNMC). This can be explained by the parameters of the 
underlying normal distributions, the standard deviation determines the fraction of highly contaminated carcasses and thus the 
effectiveness of the criterion. Also, the τ-factor determines (loosely speaking) the amount of risk at the point of MC sampling which 
reaches the consumer, a higher factor gives lower risk 
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Results for log m=3 were presented before in Table 3. Since this criterion is less 
strict, we find lower BNMC and PF, as expected. 
At log m=4 the BNMC is typically very low, although some slaughterhouses still 
would not meet the criterion at a high fraction of BNMC, e.g. slaughterhouses 
2,3 and 6. 
 
In some instances we find different results across the years. For example 
slaughterhouse 2 has approximately reduced the baseline risk by 1/3 from 2009 
to 2010. This has led to a dramatic lowering of the BNMC (and PF) for log m=4. 
Apparently, this slaughterhouse has successfully prevented high concentrations. 
Examples of increased risk can also be found, e.g. slaughterhouse 1 with an 
increase of baseline risk by a factor 1½. This effect of the MC is most 
prominently seen for log m=3, where we find the BNMC increased from 0.10 to 
0.16. It seems that this slaughterhouse saw an increase of carcasses 
contaminated at about 1000 cfu/g or higher. 
 
 

4.5 Economic analysis 

In the CARMA project [10, 22], a wide range of interventions to reduce the 
contamination of broiler chicken meat with Campylobacter spp. was evaluated 
for effectiveness and efficiency. Effectiveness was calculated as the expected 
(relative and absolute) reduction of cases of human campylobacteriosis, using a 
risk assessment model. Subsequently, efficiency was calculated as a cost-utility 
ratio, i.e. the net costs of an intervention per Disability Adjusted Life Year 
(DALY). Net costs are the annual costs of industry-wide implementation of an 
intervention minus the averted cost-of-illness (COI). Reducing faecal 
contamination of carcasses during slaughtering was found to be the most cost-
effective intervention; the net monetary benefits of the intervention (averted 
COI) even exceeded the net costs of implementing the intervention. Hence, from 
a societal point of view, the intervention is cost-saving. Nevertheless, it was 
pointed out that the distribution of costs and benefits was not equal, as all costs 
would be borne by the poultry slaughtering industry, whereas the benefits are 
diffusely harvested in society (less medical consumption, less productivity 
losses). This was expected to impede acceptance of even a cost-saving 
intervention. 
 
Since the publication of the CARMA results, new data and new insights have 
become available. These include: 
 An increase in the incidence of human campylobacteriosis from 

79,000 cases in 2000 (the base year for the CARMA analysis) to  
108,000 in 2011 [3]; 

 Better data to estimate the attributable fraction for poultry meat (20-40% 
in 2000 with the lower bound of 20% being used in the economic analysis; 
28% in 2011 [6], see also page 7); 

 Inclusion of irritable bowel syndrome as a chronic sequela of 
campylobacteriosis [23], which increases both the disease burden and the 
cost-of-illness of campylobacteriosis. 

These new data have led to a considerable increase in the disease burden and 
COI of campylobacteriosis. In 2000, the burden (all causes) was estimated at 
850 DALY per year and the COI at 19.4 million € (both discounted at 4% per 
year according to the then valid guidelines for health economic analysis in the 
Netherlands). In 2011, the burden is estimated at 3,250 DALY per year and the 
COI at 76.1 million € per year (discounted at 1.5 resp. 4% according to current 
Dutch guidelines for health economic analysis). In this analysis, we present 
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updated cost-effectiveness estimates for controlling Campylobacter spp. on 
broiler meat, using new data. The analysis focuses in implementing a process 
hygiene criterion, in concordance with the policy aims of the Dutch Ministry of 
Public Health, Welfare and Sports. We follow the methodology developed for the 
CARMA project, as is shown in detail in Tables 5 and 6. 
 
The baseline analysis evaluates the costs to the Dutch poultry industry in 
comparison to the benefits for Dutch consumers of Dutch broiler meat. We then 
extend the analysis to all consumers of Dutch broiler meat, and to all broiler 
meat on the Dutch market. The consumption of broiler meat in the Netherlands, 
and the proportion which is domestically produced, is estimated from data 
published by the Product Board for Poultry and Eggs (PPE), as detailed in 
Table 5. In 2000, 257 tonnes of broiler meat were consumed in the Netherlands, 
which increased to 306 tonnes in 2011. It is not directly evident from these data 
how much of that consumption is from domestically produced meat. We 
estimate this following [22], based on import and export data also provided by 
PPE. The data do not show the volume of broiler meat in transit, i.e. meat that is 
imported and subsequently exported without reaching the domestic market. 
These data are not available and we assume that all imported fresh meat 
(approximately 60% in 2000 and 55% in 2011) is intended for the domestic 
market, while all frozen meat is re-exported either directly or after some kind of 
processing. This is obviously an oversimplification, but as frozen meat is 
generally less contaminated with Campylobacter, the error is relatively small. 
We find that the fraction of broiler meat from domestic production decreased 
from 75% in 2000 to 60% in 2011. On the other hand, the export ratio (total 
Dutch production divided by domestic consumption of domestically produced 
meat) increased from 2.5 to 3.2. As interventions to reduce faecal contamination 
of carcasses in Dutch slaughterhouses do not only result in health benefits for 
Dutch consumers, but also for all other consumers of meat produced in the 
Netherlands, this factor is important for the economic evaluation. 
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Table 5. Estimation of the fraction of domestically produced poultry meat 
consumed in the Netherlands (all data are tons slaughtered weight). 

Var Description Formula 2000 2011 
kn domestic production live bir  617.0 687.0 
ki import live birds  68.3 131.4 
ke export live birds  9.3 33.9 
sn net domestic slaughter kn+ki-ke 676.0 784.5 
fn domestically produced 

fraction of sn  
(sn-ki)/sn 90% 83% 

si import of broiler meat 
(excluding meat 
products) 

 156.5 300.3 

d transit factor (proportion of 
si exported) 

 59.5% 55.0% 

se2 export of broiler 
meat(excluding meat 
products, including 
transit) 

 575.9 778.5 

se1 export of broiler meat 
excluding transit 

se2-d.si 482.8 613.3 

     
c consumption of broiler meat 

NL 
sn-se2+si 256.6 306.3 

cn fraction of NL consumption 
from domestic slaughter 

(sn-se1)/c 75.3% 55.9% 

ci fraction of NL consumption 
from import 

(1-d)si/c 24.7% 44.1% 

cn1 fraction of NL consumption 
from domestic slaughter of 
domestic birds 

cn.fn 67.7% 46.5% 

cn2 fraction of NL consumption 
from domestic slaughter of 
imported birds 

cn.(1-fn) 7.6% 9.4% 

     
cnw Amount of broiler meat 

consumed in NL from 
domestic slaughter 

c x cn 193.2 171.2 

er Export ratio sn/cnw 2.5 3.6 
Data provided by the PPE are shown in boldface. All other data are calculated according to the formulas shown. 
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The economic analysis, based on trade data, epidemiological data and risk 
assessment results is shown in Table 6. 
 
Table 6. Estimation of the costs and effects of controlling faecal contamination of 
broiler carcasses in relation to control of human campylobacteriosis. 

# Year 2000 2011 Units 
     
 ALL HUMAN ILLNESS CASES    
1 Incidence 79,000 108,000 per year 
2 Cost-of-illness* 19,400,000 76,100,000$  € per year 
3 Disease burden^ 850 3250$ DALY per 

year 
     
 BROILER MEAT    
4 Attributable fraction 20% 28%  
5 Incidence 15,800 30,240 per year 
6 Cost-of-illness 3,880,000 21,308,000 € € per year 
7 Disease burden 170 910 DALY per 

year 
     
 DUTCH BROILER MEAT    
8 Fractie 75.3% 55.9%  
9 Incidence 11,897 16,899 per year 
10 Cost-of-illness 2,921,640 11,907,228 € € per year 
11 Disease burden 128 509 DALY per 

year 
     
 INTERVENTION    
12 Costs (K) 810,000 1,712,500 € € per year 
13 Preventable fraction 77% 70%  
14 Preventable incidence 9,161 11,829 per year 
15 Preventable cost-of-illness (W) 2,249,663 8,335,059 € € per year 
16 Preventable disease burden 

(Z) 
99 356 DALY per 

year 
     
17 Cost-utility ratio -14,606 -18,605 € € per DALY 
* Discounted at 4% 
^ Discounted at 1.5% 
$ See page 21 for an explanation of the increased cost of illness and disease burden estimates 

 
The 2000 column of Table 6 shows a reconstruction of the CARMA analysis for 
the year 2000, while the next column shows the results of the same analysis for 
the year 2011. Lines 1-3 show the total human incidence, COI and DALY while 
lines 4-7 show the incidence, COI and DALY attributed to broiler meat. Not all 
broiler meat consumed in the Netherlands originates from chickens produced 
and slaughtered in the Netherlands. Line 8 therefore shows an estimate of the 
fraction of consumed meat that originates from the Netherlands and in lines 
9-11 this fraction is applied to the estimates in lines 5-7, to estimate the 
incident cases, burden and cost-of-illness that are attributed to domestically 
produced meat. Lines 12-16 show the estimated direct costs of an intervention 
(K, in € per year) to control faecal contamination of carcasses, the estimated 
reduction of human cases as a percentage and in absolute numbers, and the 
preventable COI (W, in € per year) and preventable disease burden (Z, in DALYs 
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per year). Finally, line 17 shows the cost-utility ratio (CUR), calculated as (K-W) 
/ Z (in € / DALY). 
In 2000, improving control of faecal contamination of carcasses was estimated 
to prevent approximately 9,200 cases of illness; this increased to 11,800 cases 
in 2011. This increase is explained by the higher incidence of illness in 2011, as 
well as a higher estimate of the fraction attributable to broiler meat. The costs of 
the intervention were estimated at 810,000 € in 2000, extrapolated to 
approximately 1,000,000 € in 2011 using the consumer price index according to 
Statistics Netherlands. Additional costs of 700,000 € per year are assumed to be 
incurred by the need for microbiological testing to implement a PHC1. The total 
economic benefits of the intervention were higher than the costs, 2.2 million € in 
2000 and 8.3 million € in 2011. The strong increase in economic benefits is 
largely explained by the inclusion of IBS as a sequela of campylobacteriosis but 
also related to an increased number of cases attributed to broiler meat and 
increase in unit prices. Added to the monetary benefits are benefits to public 
health, expressed as 99 averted DALYs in 2000 and 356 averted DALYs in 2011. 
Partly, these increased benefits are due to different valuations of the costs and 
burden of campylobacteriosis, as explained on page 21. Because the monetary 
benefits exceed the costs of the intervention, the intervention is cost-saving  
(i.e. the cost-utility ratio is negative). 
 
In the CARMA project, the data on decreasing faecal contamination of carcasses 
was based on experimental results with the Preventer®, developed by Meyn 
Food Processing Technologies (Oostzaan, the Netherlands). Application of this 
equipment was assumed to result in 77% reduction of human illness cases. 
However, this product has not reached the market. Instead of mandating a 
defined intervention method, as evaluated in the CARMA project, the Dutch 
government is considering to set a Process Hygiene Criterion. This provides 
flexibility to the industry to optimise control methods according to the situation 
in each individual plant, while preventing the need to destroy or process large 
amounts of meat in the short term. Ultimately, the goal is that all producers 
adapt their processing hygiene to meet the requirements. An analysis of the 
impact of successfully implementing a process hygiene criterion (n = 5 samples, 
m = 1,000 cfu/g on neck- and breast-skin samples and c=0 non-conforming 
samples allowed) found a reduction in human illness risk of in the order of 70% 
(this report) which is near the effectiveness estimated in the CARMA project. 
Note that this analysis was based on the assumption that non-conforming 
batches pose zero risk, and actual production volume of slaughterhouses was 
not considered. The quoted percentage should therefore be taken as a first 
estimate. 
 
As intervention methods are not yet clearly defined, it is currently not clear what 
the actual costs of preventing faecal contamination will be. A recent report 
commissioned by the European Commission estimated the costs at 13 € per 
1,000 live birds [24]. Using production data from PPE, this would result in a cost 
estimate of 1.6 million € for domestically produced meat consumed in the 
Netherlands, hence very close to the estimate based on the CARMA project. Both 
cost estimates are far below the monetary benefits of the intervention. Note that 
potential indirect costs, that might result from changes in the competitiveness of 
the Dutch industry, were not included in the current study. 
 

 
1 5 samples per day for 15 plants, producing on average 5.5 days per week. Costs per day are 5 x 25 € for 
microbiological testing; 27.5 € for sample transport and 9.7 € administrative costs. 
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To provide further insight in the relation between (intervention) costs and 
effects, Figure 5 presents a scenario analysis, in which the intervention costs 
were varied between 0 and 25 million € per year. Costs and benefits are equal at 
intervention costs of 8.3 million € per year, clearly higher than current estimates 
of the true costs of an intervention. In economic evaluations of health 
programmes, health benefits are also valued in addition to monetary benefits. 
To this aim, a threshold for the cost-utility ratio of 1 x the Gross Domestic 
Product is considered highly cost-effective by the World Health Organization 
[25], while all interventions with a CUR below 3 x GDP are considered cost-
effective. In 2011, GDP in the Netherlands was US$ 42,7852. This corresponds 
to € 35,000 (exchange rate 1.22 US$ / €). Figure 5 shows that even at 
intervention costs as high as 21 million € per year, a threshold of € 35,000 per 
DALY would not be exceeded. 
The analysis presented above is restricted to cost and benefits of Campylobacter 
control in the Netherlands. However, a large proportion of Dutch broiler meat is 
exported to neighbouring countries, in particular Germany, the UK, France, 
Belgium and Luxembourg. Approximately 17% is exported outside the EU (data 
PPE). Based on PPE data, the volume of exported meat was 1.5 x the domestic 
consumption in 2000 and 2.6 x in 2011. Assuming similar effects on public 
health in importing countries, the total benefits of the intervention (in particular 
to the EU population) can be estimated as 2.5 and 3.6 times higher than the 
benefits presented in lines 23-25 of Table 5. This strongly affects the cost-
benefit analysis. Assuming that the public health impact of Campylobacter on 
chicken meat is the same in surrounding countries as in the Netherlands, Figure 
5 also shows the cost-utility ratio of intervention when considering all consumers 
of Dutch produced poultry meat. The break-even point (where monetary 
benefits of the intervention equal the costs) is now at € 29 million per year, and 
intervention costs up to € 75 million € per year would still be regarded as highly 
cost-effective. 
 
If all broiler meat on the Dutch market would meet the PHC, the benefits to the 
Dutch consumers and economy would increase considerably. The prevented 
cases of human campylobacteriosis would increase from 12,000 to 21,000; the 
cost of illness would be reduced by 15 million € instead of 8.3 million € and the 
averted disease burden would increase from 356 to 637 DALYs. The costs to the 
poultry industry exporting to the Netherlands cannot be assessed at this time. 
  

 
2 http://stats.oecd.org/index.aspx?queryid=556, accessed January 9, 2013 
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Figure 5. The cost-utility ratio (the cost per DALY after correction for COI), as a 
function of intervention costs in 2011 when considering benefits only to Dutch 
consumers of domestically produced broiler meat, or all consumers on broiler 
meat produced in the Netherlands 

 
Interventions to reduce faecal contamination of broiler carcasses do not only 
reduce the level of Campylobacter spp. but might also affect other foodborne 
pathogens such as ESBL-producing bacteria, and consequently avoid more 
foodborne infections in humans. Therefore, the economic benefits of these 
interventions might actually be larger than the current evaluation for 
Campylobacter spp. only. This would result in even more favourable cost-
effectiveness ratios than presented in the current study. 

In conclusion, implementing controls for reducing faecal contamination in broiler 
slaughterhouses to reduce contamination of carcasses with Campylobacter spp. 
is highly cost-effective from a societal point of view. Decision making also has to 
take the unequal distribution of costs and benefits into account. 
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5 Discussion 

In this report, we evaluate the theoretical impact (public health benefits and 
producer risks) of successfully implementing a microbiological criterion for 
Campylobacter on broiler chicken carcasses, after cooling in the slaughterhouse. 
The estimates are based on 2 years of measurement by the Dutch poultry 
industry. We use these data to estimate, per slaughterhouse, the mean 
contamination level as well as the variation on different carcasses within one 
slaughter batch, and between slaughter batches. We then estimate, for each 
plant, the public health risk associated with the current production using 
previously published risk assessment models. Subsequently, we simulate a large 
number of slaughter batches and samples from these batches for counting the 
level of Campylobacter. We then evaluate whether the batch would meet a 
microbiological criterion (n=5, c=0 and m = 1000 cfu/g in the baseline 
scenario). The risk associated with each batch not meeting the criterion is then 
set to 0, simulating a scenario in which non-conforming batches would be heat 
treated or otherwise handled in such a way that no bacteria would reach the 
consumer. The cost associated with such an intervention would be high (10) and 
the Dutch government has decided that instead of implementing such a food 
safety criterion, a process hygiene criterion will be proposed. It is expected that 
ultimately, processing hygiene would be improved so that no non-conforming 
batches would be produced, and the same level of risk reduction would be 
achievable. 
 
Overall, successful implementation of this MC would reduce consumer risks by 
63% (2009) and 72% (2010), whereas 32% and 37% of all batches produced in 
2009 and 2010, respectively, would not meet the criterion. There are, however, 
considerable differences between slaughterhouses. The best performing plant 
had 4% and 11% non-conforming batches, whereas the plant with the poorest 
performance had 65% and 57% non-conforming batches. Plants with higher 
average contamination levels and / or higher variation in levels between batches 
contribute most to consumer risks and reducing (variation in) contamination in 
these plants has the highest impact. 
 
It is not yet clear what causes the differences between the plants. To better 
understand this, and hence for industry to better control plant performance, 
additional efforts by industry and researchers are necessary. Our results also 
show that the MC is an efficient tool to control consumer risks. By focusing on 
the most highly contaminated batches (the tails of the exposure distribution), 
most risk reduction is achieved. The concave shape of Figure 4 clearly 
demonstrates that implementing the MC performs much better than randomly 
selecting batches (or plants) for additional controls. 
 
The MC applies at the end of slaughtering but can also be translated into criteria 
for live animals (food chain approach). The lower the prevalence in the slaughter 
flocks, the lower the proportion of batches that does not meet the criterion, 
while the preventable fraction remains constant. As meat is not the only 
pathway by which Campylobacter reaches humans from infected flocks, control 
in primary production has potential added benefits because of lower 
environmental loads. To formally evaluate this hypothesis requires introduction 
of a slaughter model, as well as models on environmental transmission. As data 
for both are limited, there is currently more uncertainty in the impact of such 
interventions. 
In animal-friendly husbandry systems with outdoor access; flocks will frequently 
be colonized with Campylobacter, hence slaughter hygiene is the main control 
point in the food chain. The lower the prevalence, the less suitable 
Campylobacter is for process hygiene evaluation. In the longer term, it is 
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therefore recommended to consider Escherichia coli as an alternative organism 
for establishing a Process Hygiene Criterion, and to consider a Food Safety 
Criterion for Campylobacter. This requires additional data on the relationship 
between E. coli and Campylobacter during slaughtering and quantification of 
cutting and packaging processes on Campylobacter. 

In the current work several assumptions were made, and consequently there are 
limitations to the validity of the model. 

Firstly, the total variance obtained from the Convenant dataset was split over 
between-batch and within-batch variance using a factor based on an assumption 
(21). We expect that in the near future data collected in the PhD project of Ewa 
Pacholewicz will provide more insight into the within batch variance of the 
Campylobacter concentration distribution. 

Secondly, following (21), we assumed that the cutting and deboning processes 
(i.e. all operations performed on the carcasses between breast skin sampling 
and filet sampling) could be represented by a single log-reduction τ. From the 
fits to the data it is clear that also the variance, prevalence, and shape of the 
distribution changes. More research is needed to determine how this may be 
incorporated into the current model, e.g. by considering model predictions from 
slaughter phase models, like the CARMA model. Also, data provided by the 
NVWA (Dutch Consumer and Food Safety Authority) will be useful. This dataset 
contains Campylobacter counts obtained at retail, which is closer to the 
consumer phase than the currently used data which was taken after chilling. 
These data can be linked to individual plants, but not batches. 

Third, the published risk assessment model used for this study does not take 
acquired immunity or impact of dose on the probability of illness given infection 
into account. Swart et al. [26] have developed a model for Campylobacter 
immunity in the context of multiple exposures. It was found that, in principle, 
disease incidence may increase when the frequency of exposures is decreased. 
However, the authors argue that at exposure levels typical for developed 
countries an increase in exposure will in general lead to an increase in incidence, 
and vice-versa. The converse is more typical for developing countries where the 
baseline exposure is at a higher level.  
Furthermore, setting microbiological criteria will modify the contamination levels 
(removal of highly contaminated products), and only to a lesser extent influence 
the actual frequency of exposure. In a following publication on-going work 
(Swart and Havelaar, to be published), the authors explore the impact of dose 
distributions combined with the effects of immunity. Several models are 
explored, leading to qualitatively and quantitatively very distinct outcomes. 
Overall, the impact of acquired immunity appears to limit the disease incidence 
at higher exposure frequencies, whereas dose-dependency of the probability of 
illness given infection has a major impact at low (average) doses. On the basis 
of the currently available epidemiological data, the most appropriate model 
cannot yet be selected, and further research in this area is needed. 

In 2011 and 2012, under the Campylobacter Convenant, data was collected on 
Campylobacter counts in the caecum. At present these data are not considered 
in the model, but since these data do provide quantitative measures of infection 
of broilers, these data could be incorporated into the model. At defeathering and 
evisceration, faecal material may contaminate equipment and broiler carcasses, 
also leading to potential further cross-contamination, thus the caecum counts 
may provide insight into contamination of carcasses during the slaughter 
processes. 

On the exposure side there are a number of refinements that may be 
implemented. At the moment we use as a measure of risk “the expected 
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probability of illness from consuming a random portion from a random batch”. In 
order to get closer to a realistic estimate, one could include: 
1. Actual annual production per plant 
2. Percentage of production sold as fresh meat on the Dutch market 
 
A further limitation to keep in mind is that we currently assume that batches not 
meeting the criterion are processed in such a way that they represent zero risk. 
Clearly, this is unrealistic, and should be considered a best-case scenario. This 
assumption should be replaced by an effect which is representative of measures 
that will actually be taken by the industry. If, however, the MC is implemented 
as a PHC, then the costs to the industry may be limited to improving slaughter 
hygiene, as shown in the economic analysis. 
A final assumption in the model is that the pathway for human infection is cross-
contamination in the domestic kitchen. But, as alluded to before, more pathways 
could be taken into account. Incorporation of additional pathways via the 
consumer would require more refined consumption stage models, including e.g. 
the effects of undercooking of chicken meat preparations. The existence of 
pathways leading to human campylobacteriosis that do not include consumption 
of poultry meat limit the overall public health effect of implementing an MC from 
broiler meat. Since 30% of human illness is attribution to chicken consumption, 
our calculated preventable fraction applies to this 30% of total illnesses only. 

A further avenue of investigation could entail consideration of the performance 
of sampling methods. In the current model, the effect of the random nature of 
the sampling is taken into account. However, a number of additional issues is 
worth looking into, i.e. 
1. How representative is neck-- and breast-skin for actual numbers on the 

carcasses? 
2. What is the sensitivity and specificity of laboratory methods? 
3. What sampling schemes are most effective, in terms of number of samples or 

time interval between sampling. Can pooling be applied? 
 
The current model may be used to consider the effect of scenarios. For example, 
the effect of log-reductions in contamination (obtained by e.g. decontamination) 
can be implemented by adjusting the means of the fitted distribution. Another 
example would be assessing the effect of reduced cross-contamination by 
lowering the variances of the fitted distributions. 
 
We updated the existing CARMA cost-effectiveness model. This model expressed 
the public health impact of human campylobacteriosis in DALY’s and in Euros. 
Also, the cost of interventions was assessed in monetary terms. Even though the 
intervention costs are not currently known, it can realistically be assumed that 
they are considerably lower than the benefits, even when considering only the 
benefits for Dutch consumers of broiler meat produced in the Netherlands. The 
benefits are even higher if all consumers of Dutch broiler meat (i.e. also in 
surrounding countries) are considered. Only 55% of broiler meat consumed in 
the Netherlands is of domestic origin. Therefore, if other countries exporting 
broiler meat to the Netherlands would also meet the proposed process hygiene 
criteria, the benefits to the Dutch consumers would be almost twice as high. 
 
For decision making, it is also important to consider the distribution of costs and 
benefits. Costs directly bear on the Dutch poultry industry, whereas benefits are 
diffusely spread among society at large in the Netherlands as well as in 
surrounding countries. Health insurance companies and employers have 
economic benefits, and citizen have health benefits. A sustainable solution will 
require that industry is able to recover costs and that there is equal competition 
between producers in different countries. These conditions can be met in several 
ways. EU regulations would be an important driver for sustainable solutions, but 
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private party arrangements including price adjustments can additionally be 
effective. Politicians may use institutional measurements such as taxes, 
subsidies, etc. to reallocate monetary benefits from the “gainers” to the “losers” 
(i.e. poultry industry), and so raise the acceptability of the intervention. 
 
In conclusion, we believe that the current model is a major step towards a tool 
for comparing human illness burden to cost for industry, under a scenario where 
a microbiological criterion is implemented. It provides guidance, and a risk-
based rationale, for industry and policy makers in establishing interventions 
aimed at improving food safety. Also, from an economic perspective, effects of 
interventions will be highly efficient, although there remains the question of 
distribution of cost. 
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Appendix 1. Estimating the distribution and prevalence 

Let the random variable X denote the log cfu/g Campylobacter on the filet. Let Y 
be the random variable taking the values 0 and 1 for negative and positive 
carcasses. The probability density function for X can be written as 
 

| 0 | 1  
 
Y is Bernoulli distributed and related to the within batch prevalence, 
 

1  
 
When the carcass is negative, only zero cfu/g is possible. Zero cannot be 
represented as a value for X, since X are log numbers, but we set X=0 to be 
symbolic for either a negative carcass, or a count below the detection limit. 
Using the Kronecker delta, 
 

|  
 
When the carcass is positive, the log cfu/g are normally distributed, 

| ~ ,  
Putting everything together, 

1 |  
Since x=0 is symbolic for either a negative carcass, or a count below the 
detection limit of c log cfu Campylobacter, we modifiy the likelihood for the case 
x=0 as 

0 1 | 1 1 |  
The case for x not zero becomes 

|  
The total likelihood corresponding to data points x1,...xn can be written 

, , ; 1 1 | |  

The log-likelihood equals 
, , ; log(1 1 | log( |  

Let n0 be the number of xi equal to zero, n1 the number not equal to zero, then 
, , ; 	log(1 1 | log( log |  

It turns out that we can optimize well by examining partial derivatives, and 
setting to zero. For conciseness, define 1 |  and |  
 

, , ;
1

/p 

, , ; 	

1
1
; ,

; ,
 

, , ; 	

1
1
; ,

; ,
 

  



RIVM Letter report 330331008 

Page 19 of 34 Page 35 of 35
 

Use the relations 
1
; ,

; ,
 

1
; ,
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To obtain the system 

	  

 

 
 
a fixed point iteration with the method of moments estimators of the mean and 
variance as starting points can be used to approximate solutions to the above 
system. 
 
 



Bilthoven, 24 July 2013 
Erratum: In the RIVM report 330331008, titled "Microbiological Criteria as a decision tool for 
controlling Campylobacter in the broiler meat chain", regrettably a mistake was identified in Fig. 1 on 
page 15. The fitted distributions (solid curve) were shifted to the left in the version of June 14, 2013. 
The current version contains an updated figure. 
 
 
 
 
 
SKIN BREAST FILETS 

      

 
Figure 1 Fitted distribution of Campylobacter counts in contaminated batches of broiler carcasses. 
Skin (left panels) and breast filets (right panel). The rows indicate the years 2009 and 2010. The 
bars extended to the top of the panel represent censored data; those bars are truncated for clarity. 
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