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Acquired resistance of Escherichia coli to 3rd generation cephalosporin antimicrobials is a relevant issue in intensive
broiler farming. In Belgium, about 35% of the E. coli strains isolated from live broilers are resistant to 3rd generation
cephalosporins while over 60% of the broilers are found to be carrier of these 3rd generation cephalosporin resis-
tant E. coli (CREC) after selective isolation. A model aimed at estimating the exposure of the consumer to CREC by
consumption of broiler meat was elaborated. This model consists of different modules that simulate the farm to
fork chain starting from primary production, over slaughter, processing and distribution to storage, preparation
and consumption of broilermeat. Input datawere obtained from the Belgian Food Safety agencies' annualmonitor-
ing plan and results from dedicated research programs or surveys. The outcome of the model using the available
baseline data estimates that the probability of exposure to 1000 colony forming units (cfu) of CREC ormore during
consumption of ameal containing chickenmeat is ca. 1.5%, themajority of exposure being caused by cross contam-
ination in the kitchen. The proportion of CREC (within the total number of E. coli) at primary production and the
overall contamination of broiler carcasses or broiler parts with E. coli are dominant factors in the consumer expo-
sure to CREC. The risk of this exposure for human health cannot be estimated at this stage given a lack of under-
standing of the factors influencing the transfer of cephalosporin antimicrobial resistance genes from these E. coli
to the human intestinal bacteria and data on the further consequences of the presence of CREC on human health.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Escherichia coli is a well studied commensal Gram negative bacte-
rium in the gastro-intestinal tract of both humans and animals.
Some specific E. coli strains with acquired virulence properties are
considered as facultative pathogens for humans and can cause infec-
tions ranging from a self-limiting infection or bowel disturbance to
a live-threatening bacteriaemia (Kaper et al., 2004; Smet et al.,
2010). Also in broilers most E. coli strains are of commensal nature.
Nonetheless some avian pathogenic strains, which are different
from the human pathogenic strains, exist. Those strains can cause a
variety of disease, mainly linked to the respiratory system (Persoons
et al., 2011).
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During the last decade E. coli is increasingly associated with broad
spectrumβ-lactam resistancemainly through the productionof extended
spectrum β-lactamases (ESBLs) or AmpC β-lactamases (Smet et al.,
2009). This resistance has been observed in strains originating
from all animal species but is significantly higher in strains isolated
from intensive broiler production around the world (Bortolaia et
al., 2010; Diarrassouba et al., 2007; Kojima et al., 2009; Smet et al.,
2008; Verloo et al., 2003). In Belgium, although 3rd generation ceph-
alosporins are not licensed for treatment in broilers, on average 35%
of E. coli strains isolated from live broilers were found to be resistant
to 3rd generation cephalosporins after cloacal sampling and suscep-
tibility testing of one randomly selected colony (Persoons et al.,
2010). Moreover over 60% of these cloacal swabs were positive for
3rd generation cephalosporin resistant E. coli (CREC) after selective
isolation (Smet et al., 2008). Furthermore, CREC are increasingly isolat-
ed from humans and are causing hospital-acquired and community-
acquired infections, especially urinary tract infections (Bin et al., 2011;
Peirano and Pitout, 2010; Pitout, 2010; Rodriguez-Villalobos et al.,
2011). Infections due to CREC are associated with a delay in initiation of

http://dx.doi.org/10.1016/j.ijfoodmicro.2012.07.026
mailto:pieter.depoorter@favv.be
http://dx.doi.org/10.1016/j.ijfoodmicro.2012.07.026
http://www.sciencedirect.com/science/journal/01681605


31P. Depoorter et al. / International Journal of Food Microbiology 159 (2012) 30–38
appropriate antibacterial therapy in human medicine, which is often
accompanied with increased morbidity and mortality (Pitout, 2010).

CREC can be transferred from broiler to humans, not only through
direct contact but also indirectly. This indirect transfer involves main-
ly consumption of broiler meat or contact with surface water or veg-
etables contaminated with broiler excreta (Blake et al., 2003; van den
Bogaard and Stobberingh, 1999). Because genes coding for ESBL's fre-
quently are located on mobile genetic elements (Smet et al., 2009;
Thomson and Moland, 2000) it is possible that there is a transfer
from food-borne CREC to other commensal and pathogenic bacteria
in the human intestinal tract as has recently been shown in an in
vitro human gut simulation model (Smet et al., 2010). Furthermore
it has been demonstrated that E. coli isolated form poultry, poultry
meat and human clinical cases partly share the same ESBL genes,
plasmids and strains. This is an additional indication of the transfer
of CREC from broiler to humans (Leverstein-van Hall et al., 2011).

Given the abundant presence of CREC in broilers, the indication of
common resistance genes in broilers and humans and the fact that
cephalosporins are considered to be antimicrobials of critical impor-
tance for human medicine (WHO, 2007), the aim of this study was
to estimate the exposure of humans to CREC through the consump-
tion of broiler meat.

2. Materials and methods

2.1. Hazard identification

Resistance to extended-spectrum β-lactams has been associated
with the production of broad spectrum β-lactamases such as extend-
ed spectrum β-lactamases (ESBL's), AmpC β-lactamases and metallo
β-lactamases (Smet et al., 2009). In this study we looked at resistance
via production of ESBL's and plasmid-mediated AmpCβ-lactamases, de-
scribed as 3rd generation cephalosporin resistance, and did not further
subdivide into the different types of β-lactamases. In Belgium it has
been described that 3rd generation cephalosporin resistance in E. coli
from broilers is induced for 45% by ESBL's, 43% by AmpC β-lactamases
and 12% by the combination of ESBL and AmpC β-lactamases (Smet et
al., 2008).

2.2. Description of the model

The design of the farm to forkmodelwas partially based on prior risk
assessment models on Salmonella and Campylobacter (Bollaerts et al.,
2009; Hartnett et al., 2001; Uyttendaele et al., 2006). The model was
subdivided into three modules (Fig. 1) covering all relevant steps
from the primary production up to the consumption of broiler meat
and possibly contaminated vegetables. The model was mainly based
on available, preferably validated data, found in literature or derived
from the Belgian Food Safety agencies' annual monitoring plan or from
dedicated national research programs or surveys. When no specific
data was evaluable, assumptions had to be used. All assumptions were
validated by an expert panel and found acceptable. The expert panel
was composed by members of the Scientific Committee of the Federal
Agency for the Safety of the Food Chain (FASFC) and several Belgian
research institutions (Veterinary and Agrochemical Research Centre
(CODA-CERVA), Ghent University, Scientific Institute of Public Health
(IPH), Institute of Agricultural and Fisheries Research (ILVO)).

In the first module the production chain of broiler meat, including
primary production, slaughter process and distribution was described.
In the primary production the presence of CREC in healthy broilers is
based on the data described by Persoons et al. (2010). These data
were collected during 2007 and 2008 on 32 randomly selected broiler
farms. Each farm was sampled twice in two non-consecutive produc-
tion rounds (3–4 months interval) and at each sampling occasion 30
randomly selected birds were sampled by means of an individual cloa-
cal swab. Antimicrobial susceptibility testingwas performed on 1 single
colony per broilerwith the Kirby-Bauer disk diffusionmethod for 14 an-
timicrobial drugs amongst one was ceftiofur. In this study, over the 2
sampling rounds on average 35% of the isolated E. coli strains were
found being resistant to 3rd generation cephalosporins. The full sam-
pling was spread over more than 12 months and therefore covered po-
tential seasonal effects.

Data on the number of E. coli (in cfu/g) present on broiler carcasses
(neck skin) and broiler parts (homogenized skin and/or meat) are
based on samples taken by the Belgian Federal Agency for the Safety
of the Food Chain (FASFC) collected during their annual monitoring
program. In analogy with the data from primary production data for
the years 2007 and 2008 were used.

Persoons et al. (2010) described a higher proportion of CREC iso-
lates on neck skins in the slaughterhouse compared with samples
from the living birds on farm. The average proportion of CREC increased
from 35.13% in the live birds on farm to 43.61% in the slaughterhouse
(raw data were not published). The data of the study of Persoons et al.
(2010) together with the E. coli count on carcasses (FASFC monitoring)
were used to estimate the number of CREC present on a chilled broiler
carcass after slaughter, or on broiler parts.

When considering processing and distribution of the chicken meat,
different pathways were possible: the carcasses can bemarketed either
as a complete carcass or as broiler parts (including minced meat) and
the broiler meat can be sold either deeply frozen or freshly chilled.
According to Halet et al. (2006) on average 68.1% of broiler meat in Bel-
gium is purchased as broiler parts and 31.9% as a complete carcass. On
average 20% of broiler parts are purchased frozen,whereas for complete
carcasses this is 5% (Halet et al., 2006).

The effect of freezing on CREC is considered in module 2, since it is
essentially the same process whether it is done during production or
at home. Therefore the freezing effect was only taken into account at
one stage to avoid double counting the effect (Fig. 1). Furthermore it
was assumed that during processing and distribution in the retail the
cold chain is largely respected and temperature abuse is limited to
b10 °C. It was also assumed that no thawing occurred for frozen broiler
meat. It is generally accepted that the minimum temperature for
growth of E. coli is 8 °C and at 8–10 °C, growth only occurs after a
long lag phase (>10 days) which was confirmed with the Combase®
predictor software. Therefore it was also assumed that there is no
growth of (3rd generation cephalosporin resistant) E. coli during pro-
cessing and distribution. Moreover it was assumed that the growth
characteristics of CREC are equal to cephalosporin susceptible E. coli.
How these different steps were implemented into the model can be
seen in Table 1.

In the second module transport of the meat from the retail to the
consumer and storage and preparation by the consumer weremodeled.
During transport of the broiler meat from retail to the kitchen or refrig-
erator/freezer of the consumer, coolingmay be insufficient and temper-
ature may increase above 10 °C allowing growth of CREC on the broiler
meat. The potential growth of CREC on broiler meat was simulated
based on the model described by Bollaerts et al. (2009) taking into
account the temperature of the meat in the retail, the outside tempera-
ture, the duration of the transport and the salt (NaCl) concentration of
the meat. For the same reasons as described higher it was assumed
that growth of CREC only occurred if the meat temperature rises
above 10 °C. Again, it was assumed that the growth characteristics of
CREC are equal to 3rd generation cephalosporin susceptible E. coli. For
meat bought frozen it was assumed that no thawing occurred during
transport and by consequence no growth is possible.

At the consumers' home, broiler meat can be stored either refrig-
erated or frozen. Based on the results of the Belgian food consumption
survey (De Vriese et al., 2005) and the study of Halet et al. (2006), it is
assumed that on average 39% of broiler meat is kept frozen. The latter
includes fresh broiler meat frozen at home, as well as broiler meat
bought already frozen. It was also assumed here that the storage of
fresh broiler meat always occurs below 10 °C (with a shelf life of up



Fig. 1. Flowchart of the model.
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to 5 days) so that no growth would occur. For frozen broiler meat, it
was simulated that the reduction in the number of CREC was maxi-
mum 1 log after a storage of 30 days (Black et al., 2010). The duration
of frozen storage of broiler meat is simulated based on the model
described by Halet et al. (2006). How these different steps were
implemented into the model can be seen in Table 2.

In the third module the preparation and consumption of broiler
meat was modeled taking into account several possible sources of
cross-contamination. The routes of transfer of bacteria from broiler
meat to vegetables during preparation in the kitchen by either
manipulation by hands or contact with cutting boards was simulated
based on the model described by Bollaerts et al. (2009). The inputs for
this module were (1) food-handling behavior and (2) transfers prob-
abilities of (3rd generation cephalosporin resistant) E. coli on the
chicken meat to the cook's hands and cutting boards. Regarding
food-handling behavior data related to the hygienic work practices in
the kitchen of the Belgian consumer was used (Viaene et al., 2007; De
Vriese et al., 2005). For describing the transfer probabilities of CREC,
the model described by Bollaerts et al. (2009) for Salmonella, assuming
that Salmonella has similar attaching characteristics as E. coli, was applied
(Table 3).

In the chicken to hand to vegetable route the following aspects were
taken into account: the proportion of CREC being transferred frombroil-
er meat to hands when handling broiler or broiler parts (this includes
the probability to touch broiler by hand); the probability that hands
are washed after manipulating raw broiler meat and its effect on the
number of CREC which are present on the hands; the probability and
proportion of CREC being transferred from hands to raw vegetables
and finally the number of CREC that are present in a certain portion of
raw vegetables. The number of CREC ending up on the raw vegetables
is a function of the amount of meat manipulated (portion size) and
the concentration of CREC on the chicken meat at the beginning of the
preparation.

The chicken to board to vegetables route of transfer takes into
account the following factors: probability that both raw broiler and
raw vegetables are cut on the same cutting board; proportion of
CREC transferred from raw broiler meat to the cutting board; proba-
bility to wash or turn the cutting board after cutting broiler meat;
proportion of CREC transferred from the cutting board to the raw veg-
etables; hence the number of CREC transferred onto the cutting board
and, ultimately the number ending up on the raw vegetables. Also
here, the number of CREC on the vegetables depends on the amount
of meat manipulated (portion size) and the concentration of CREC
on the chicken meat at the beginning of the preparation.

Since no data were found on the frequency of joint consumption of
broiler meat and raw vegetables, it was assumed in the model as a
worst case scenario that every meal with broiler meat is consumed
with raw vegetables, and that these vegetables are fully consumed.
On the other hand we assumed that cross contamination only occurred
in 50% of the cases.



Table 1
Detailed summary of Module 1 (see Fig. 1) of the exposure model: variables, distribu-
tion of the input parameters, equations and main sources.

Process Variable Description Distribution Reference

Primary
production

PCREC
prim

Proportion of
CRECa isolates
within the total
number of E. coli
isolates

~bpert
(0.015,0.288,0.915)

Persoons
et al.
(2010)

Slaughterhouse INCP

CREC

slaught

Change in
proportion of
CREC isolates in the
slaughterhouse

~bpert (−
0.033,0.032,0.36)

Persoons
et al.
(2010)

NE. coli

whole

Total number of
E. coli on chilled
carcasses (log
cfub/g meat)

~bpert
(0.823,2.386,4.149)

FASFCc

monitoring

NE. coli

part

Total number of
E. coli on chilled
broiler partsd (log
cfu/g meat)

~bpert
(0.986,2.321,3.410)

FASFC
monitoring

NCREC

whole

Calculation of the
total number of
CREC on chilled
carcasses (cfu/g
meat)

= POWER(10,NE.

coli whole)x(PCREC
primx(1+INCP CREC

slaught))

NCREC

part

Calculation of the
total number of
CREC on chilled
broiler partsd (cfu/
g meat)

= POWER(10,NE.

coli port)x(PCREC
primx(1+INCP CREC

slaught))

Processing and
distribution

Pwhole Proportion of
chicken meat
bought as broiler
carcass

~binomial
(1,0.319)

Halet et al.
(2006)

Ppart Proportion of
chicken meat
bought as broiler
partsd

= 1−Pwhole Halet et al.
(2006)

Pfresh
whole

Proportion of
carcasses bought
chilled

~binomial(1,0.95) Halet et al.
(2006)

Pfrozen
whole

Proportion of
carcasses bought
frozen

= 1−Pfresh whole Halet et al.
(2006)

Pfresh
part

Proportion of
broiler parts
bought chilledd

~binomial(1,0.8) Halet et al.
(2006)

Pfrozen
part

Proportion of
broiler parts
frozend

= 1−Pfresh part Halet et al.
(2006)

a 3rd generation cephalosporin resistant E. coli.
b Colony forming unit.
c Federal Agency for the Safety of the Food Chain (Belgium).
d Including minced meat and meat preparations.
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Consumption of raw broiler meat was not considered in the
model. Since it can be assumed that for broiler carcasses and parts
the contamination with CREC is exclusively located onto the surface
of the meat, it was also assumed that all CREC on this meat are
inactivated during cooking. Therefore, the model assumed all cooked
carcasses or parts being free of viable CREC. In case of minced broiler
meat preparations (e.g. minced meat, burger or sausage, etc.), the
CREC can also be found in the center of the meat (protected area).
In this case, the core temperature and the time during which the
protected area is exposed to that temperature are critical for the sur-
vival of any bacteria. According to the Belgian food consumption sur-
vey (De Vriese et al., 2005) 9% of the broiler meat is consumed as
minced broiler meat preparations. The number of CREC that are locat-
ed in the protected area was simulated using a uniform proportional
distribution of the bacteria in the meat. Both for the time during
which the protected area is heated at a certain temperature as for
the temperature reached in the protected area, two arbitrarily chosen
distributions were assumed based on expert opinion and the ACMSF
report on the safe cooking of burgers. The inactivation of the CREC
in the protected area was calculated using the formula described by
Hill et al. (2003), where heating at 65 °C during 1 min corresponds
to a reduction of 3.31 log. Although this formula described by Hill et
al. (2003) was developed for Salmonella it closely followed the data
on thermal inactivation of E. coli O157:H7 in burgers as described in
the ACMSF report. Therefore this formula was maintained in our
model. The probability of broiler meat being undercooked was based
on data from a study byWorsfold and Griffith (1997), where the prob-
ability of undercooking of meat was described. It has to be noted that
this study considered also other meat than chicken meat.

According to the Belgian food consumption survey (De Vriese et
al., 2005) 44.4% of the complete broiler carcasses purchased, is bought
readily cooked. For these carcasses it was also assumed that all CREC
are already inactivated at the moment of purchase and no further
cross contamination will occur.

Finally the total exposure of a consumer to CREC present in one
meal containing broiler meat was estimated. Therefore a distribution
of the portion sizes of consumed broiler meat was elaborated. Based
on the data from the Belgian food consumption survey (De Vriese et
al., 2005) these portion sizes differ between 20 g and 550 g.

The model was built using @Risk® 4.5 software (Palisade Corpora-
tion®). To assess the consumer exposure to CREC through consumption
of broiler meat the model was run at 10,000 iterations per simulation
and for 4 arbitrarily chosen exposure doses (10, 100, 1000 and
10,000 cfu/meal) since there are no indications on the number of CREC
that should be ingested to realize colonization of the human intestine
and/or transfer of resistance genes to other bacteria.

After the general exposure assessment different what-if scenarios
with regard to the type of chicken meat, type of storage and exposure
route were elaborated to identify the important contamination routes
and the main influencing factors on the exposure rate. Furthermore
the role of primary production and slaughterhouse hygiene on the con-
sumer exposure to CREC was assessed using these what-if scenarios.

3. Results

3.1. Exposure assessment to CREC via consumption of broiler meat
in Belgium

Table 4 gives an overview of the average concentration (cfu/g) of
CREC on/in the chicken meat during the different stages of the
model. It clearly shows that the concentration of CREC after slaughter
and retail is relatively high and that whole carcasses are more con-
taminated than broiler parts. Temperature abuse during transport
by the consumer gives a slight increase in the average concentration
of CREC, whereas frozen storage results in a strong decrease of the av-
erage CREC concentration. Finally, after cooking of meat preparations
the average concentration of CREC is near to 0. Due to assumptions
made in the design of the model all CREC are inactivated after cooking
of whole carcasses and chicken parts other then meat preparations.

Table 5 gives an overview of the exposure to CREC through con-
sumption of broiler meat for the 4 arbitrarily chosen exposure doses
of CREC. The results show that the probability to be exposed to
more than 10, 100, 1000 or 10,000 cfu of CREC by a serving with
broiler meat is 7.0%, 3.3%, 1.5% and 0.39% respectively. Furthermore
it is demonstrated that the majority of exposure is caused by cross
contamination and that insufficient heating, only considered relevant
for broiler meat preparations (minced meat), plays a minor role.

3.2. Impact of variables in the farm to fork chain on exposure to CREC via
consumption of broiler meat (what-if scenarios)

Via what-if scenario's the effect and relative contribution of the type
of broilermeat, type of storage and the exposure routewere investigated
(Table 6). These scenarios show that consumption of frozen broilermeat



Table 2
Detailed summary of Module 2 (see Fig. 1) of the exposure model: variables, distribution of the input parameters, equations and main sources.

Process Variable Description Distribution/equation Reference

Transport
by consumer

Tretail Temperature of the
meat in retail (°C)

~N(3.14,7.78) truncated
between −2 °C
and 15 °C

Bollaerts et al.
(2009)

Text Outdoor temperature
(°C)

~f=π f1+(1−π) f2 with
π=0.64/f1~N(6.7,17.9)/f2~N
(20.1,33.0)
truncated between
−15 °C and 35 °C

RMIa

ΔmaxT Maximal possible change
in temperature (°C)

= Text−Tretail Assumption
Hill et al.
(2003)

ST Correction: maximal
change larger than 0
(no=0, yes=1)

If ΔmaxT>0 than ST=1
If ΔmaxT≤0 than ST=0

ΔT Change in temperature
of meat during
transport (°C)

~N(3.72,2.82)*x ST *truncated
between 0 °C and ΔmaxT

Hill et al.
(2003)

Tend Temperature of meat
at the end of transport
(°C)

= Tretail+ΔT

Timetrans Duration of transport
(in 15 min)

~discrete(v,w) with
v=[1,2,3,4,5,6,7,8,16] and
w=[0.005,0.05,0.18,0.25,…,
0.22,0.16,0.07, 0.03,0.035]

Hill et al.
(2003)

NaCl Salt concentration of
broiler meat (%)

~N(0.978,0.158) VLAVb

ΔTrtemp Growth of E. coli in
function of temperature
and salt concentration
(log cfu/h)

= EXP(−6.26−(0.011 xNaCl)
+(0.32 xTend)+
(0.002 xNaCl x Tend)−
(0.0085 xPOWER(Tend,2))−
(0.0045 xPOWER (NaCl,2)))

Bollaerts et al.
(2009)

ΔTr Total log growth of E. coli during
transport time (log cfu/transport)

= (ΔTrtemp/4)−Timetrans Bollaerts et al.
(2009)

NCREC trans whole Number of CRECc on
broiler carcasses after transportd

(log cfu/g meat)

= (LOG10(NCREC whole ))+ΔTr

NCREC trans part Number of CREC on
broiler partse after transportd

(log cfu/g meat)

= (LOG10(NCREC part ))+ΔTr

Storage by
consumer

NCREC stor whole Growth nor reduction of
CREC on broiler carcasses
during refrigerated storage
(log cfu/g meat)

= NCREC trans whole Assumption/Combase®
predictor software

NCREC stor part Growth nor reduction of
CREC on broiler partse

during refrigerated storage
(log cfu/g meat)

= NCREC trans part Assumption/Combase®
predictor software

πfrozen Probability that meat is frozenf ~binomial (1,0.39) Belgian food
consumption survey
(De Vriese et al., 2005)/
Halet et al. (2006)

N days frozen Duration of frozen storage
of broiler meat by the
consumer (days)

~general(0,43,{0.04,0.5,1,2,7,8,42},
{0,1,2,8,80,127.5,127.5})
truncated on 30 days
(Black et al., 2010)

Halet et al. (2006)

ΔCREC frozen Reduction of CREC during
frozen storage (log cfu/g meat)

~bpert(0.5,0.75,1) Black et al. (2010)

NCREC frozen stor whole Number of remaining CREC
of frozen storage of broiler
carcass (log cfu/g meat)

= LOG NCREC trans whole−
(ΔCREC frozenx N days frozen/30)

NCREC frozen stor part Number of remaining CREC of
frozen storage of broiler partse

(log cfu/g meat)

= LOG NCREC trans part−
(ΔCREC frozenx N days frozen/30)

a Royal Belgian Meteorological Institute.
b Vlaams adviescentrum voor de vleesindustrie.
c 3rd generation cephalosporin resistant E. coli.
d Including frozen meat.
e Including minced meat and meat preparations.
f Both meat bought frozen as well as meat frozen by the consumer.
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reduces the risk of exposure to CREC. Broiler meat preparations (minced
meat) are the type of broilermeatwith the highest contribution to expo-
sure to CREC upon consumption which is due to the assumption that
insufficient heating can play a role because the CRECmay also be located
in the center of the meat. Nevertheless it is demonstrated that also for
broiler meat preparations cross contamination is the dominant route
contributing to exposure.

Because of the high prevalence of CREC amongst Belgian broilers
we investigated the impact of this prevalence on the consumer expo-
sure to CREC. From this what-if scenario it could be clearly derived



Table 3
Detailed summary of Module 3 (see Fig. 1) of the exposure model: variables, distribution of the input parameters, equations and main sources.

Process Variable Description Distribution/equation Reference

General Serving Size Serving size when consumption
of broiler meat (g)

~cumul(20,550,{20,…,500},
{0.028,…,0.999})

Belgian food
consumption survey
(De Vriese et al., 2005)

πcross cont Probability of cross
contamination

~binomial(1,f)
With f~uniform(0.4,0.6)

Assumption

Cross contamination
through manipulation

(tC,H) Proportion of CRECa

transferred from broiler
meat to hands

~beta(1.78,41.1) Bollaerts et al. (2009)

πWH Probability to wash or
rinse hands after touching
raw broiler meat and
before touching raw vegetables

~binomial(1,f)
with f~discrete({0.862,0.8174},
{0.8649,0.1351})

Belgian food consumption
survey (De Vriese et al., 2005)/
Viaene et al. (2007)

(tH,H) Proportion of CREC removed
by rinsing and
washing of hands

If πWH=0 than (tH,H)=1
If πWH=1 than (tH,H)~
beta(0.24,6.67)

Bollaerts et al. (2009)

(tH,S) Proportion of CREC
transferred from hands
to raw vegetables

~beta(0.6,2.3) Bollaerts et al. (2009)

NCREC veg hands Number of CREC transferred
to raw vegetables through
manipulation for the different
types of broiler meatb

(cfu/portion)

= (POWER(10,NCREC stor whole)
x(tC,H)x(tH,H)x(tH,S)
x Serving Size xπcross cont

= (POWER(10,NCREC stor part)
x(tC,H)x(tH,H)x(tH,S)x
Serving Size xπcross cont

= (POWER(10,NCREC frozen stor whole)
x(tC,H)x(tH,H)x(tH,S)
x Serving Size xπcross cont

= (POWER(10,NCREC frozen stor part)
x(tC,H)x(tH,H)x(tH,S)
x Serving Size xπcross cont

Cross contamination
through cutting
board

(tC,B) Proportion of CREC transferred
from raw broiler meat
to cutting board

= POWER(10,f)/100
With f~N(0.171,0.16)

Bollaerts et al. (2009)

NCREC board Number of CREC transferred
to the cutting board for
the different types of broiler
meatb (cfu/cutting board)

= ((1−(tC,H))x POWER
(10,NCREC stor whole)x
(tC,B)x Serving Size
= ((1−(tC,H))x POWER
(10,NCREC stor part)x
(tC,B)x Serving Size
= ((1−(tC,H))x
POWER(10,NCREC frozen stor whole)
x(tC,B)x Serving Size
= ((1−(tC,H))x POWER
(10,NCREC frozen stor part)x
(tC,B)x Serving Size

πboard handling After cutting the raw broiler
meat the cutting board can
have 3 different treatments
for which the probability
is given

Same cutting board, not washed~
discrete({0.031,0.2429},
{0.8748,0.1252})
Same cutting board, washed or
other side~discrete({0.022,0.1937},
{0.8748,0.1252})
Different cutting board~discrete
({0.947,0.5634},{0.8748,0.1252})

Belgian food
consumption survey
(De Vriese et al., 2005)/
Viaene et al. (2007)

NCREC board wash Number of CREC on cutting
board for the 3 different
treatments (cfu/cutting board)

Same cutting board, not washed:
= NCREC boardx 1
Same cutting board, washed or
other side:
= NCREC board− f
With f~bpert(1,4.5,7))
Different cutting board:
= NCREC boardx 0

(tB,S) Proportion of CREC transferred
from cutting board to
raw vegetables

POWER(10,f)/100
With f~N(1.535,0.32)

Bollaerts et al. (2009)

NCREC veg board Number of CREC on raw
vegetables through contact
with cutting board
(cfu/portion)

= NCREC board washx(tB,S)
x πcross cont

Cross contamination
(total)

NCREC veg Total number of CREC on
raw vegetables through
cross contamination
(cfu/portion)

= NCREC veg hands+NCREC veg board

(continued on next page)
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Table 3 (continued)

Process Variable Description Distribution/equation Reference

Heating of minced
broiler meat
and meat
preparations

πminced meat Probability of consuming
minced meat and
meat preparations

~binomial(1,0.09) Belgian food consumption
survey (De Vriese et al., 2005)

πundercooking Probability of unsufficient
heating

~bpert(0.05,0.1,0.2) Worsfold and Griffith (1997)

Tempcooking Temperature of protected
zone (°C)

~bpert(60,65,70) Assumption/expert opinion/
ACMSF report

Tcooking Time of exposure of protected
zone to heating (min)

~bpert(0.5,1,1.5) Assumption/expert
opinion/ACMSF report

PCREC protected Proportion of CREC in
protected zone

~uniform(0,0.1) Assumption

NCREC protected Number of CREC in
protected
zone for fresh and frozen
meat (log cfu/g meat)

= NCREC stor partx PCREC protected

= NCREC frozen stor partx PCREC protected

NCREC cooking Number of CREC remaining
after heating (log cfu/g meat)

= POWER(10,(NCREC protected−
(Tcooking/POWER(10,(−0.14 xTempcooking)
+8.58))))x πundercooking

Hill et al. (2003)

NCREC minced Number of CREC remaining
after heating (log cfu/portion)

NCREC cookingx Serving size

Exposure during
consumption

Sbroiler meat Proportion of type of broiler
meat that is bought

Meat preparations=0.09
Broiler meat bought cooked=0.14
Broiler meat bought raw=0.77

Belgian food consumption
survey (De Vriese et al., 2005)

N CREC meat Exposure to CREC through
consumption of broiler
meat (log cfu/portion)

- for meat preparations=
NCREC minced

- for broiler meat bought
cooked=0

- for broiler meat other than
meat preparations=0

/

NCREC cross cont Exposure to CREC through
cross contaminationc

(log cfu/portion)

= log NCREC veg

NCREC meal Total exposure to CREC during
consumption of a meal containing
broiler meat (log cfu/meal)

= NCREC meat+NCREC cross cont

a 3rd generation cephalosporin resistant E. coli.
b Respectively chilled broiler carcasses, chilled broiler parts, frozen broiler carcasses and frozen broiler parts.
c Only for meat preparations and broiler meat bought raw.
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that the proportion of CREC within the total number of E. coli present
in live broilers at primary production, plays a significant role in the
exposure rate (Table 7). Fixation of this proportion at a high level
(0.75) clearly results in an increase of the probability of consumer ex-
posure for the 4 arbitrarily chosen exposure doses whereas fixation of
this proportion at a low level (0.1) results in a decrease.

Finally, the impact of hygiene practices during slaughter and pro-
cessing of broiler meat is presented (Table 8). It is demonstrated that
the overall contamination with E. coli of broiler meat after slaughter
and processing is of major influence on the influx of CREC into the
Table 4
Evolution of the average CREC concentration on/in the chicken meat (cfu/g) during the
different stages of the model.

Process Whole carcass Broiler parts Broiler meat preparations

Chicken meat in retail
prior to transport
by the consumer

256.1 117.4 117.4

Chicken meat after
transport by
the consumer

294.5 137.8 137.8

Chicken meat after
chilled storage by
the consumer

294.5 137.8 137.8

Chicken meat after
frozen storage by
the consumer

126.5 58.1 58.1

Chicken meat after
cooking

0 0 0.7
production and consumption chain and therefore also on the con-
sumer exposure to CREC.
4. Discussion

The model used in this study provides a quantitative probabilistic
estimation of exposure describing the different steps in the produc-
tion, processing and consumption of broiler meat and the possible
influence of the different aspects on the consumer exposure to CREC.

The risk of exposure to CREC through the consumption of broiler
meat for humans particularly lies in the transfer of resistance genes
of E. coli to other, potentially pathogenic, bacteria during passage or
colonization of the human intestinal tract (Leverstein-van Hall et al.,
2011; Smet et al., 2010). If these resistance genes end up in pathogen-
ic bacteria that might cause serious illness for which antimicrobial
treatments are needed, the presence of cephalosporin resistance
Table 5
Origin of the exposure to cephalosporin resistant E. coli during the consumption of a
meal containing broiler meat for 4 arbitrarily chosen exposure doses.

Exposure dose (cfu/meal) 10,000 cfu 1000 cfu 100 cfu 10 cfu

Exposure via insufficient heating a 0% 0% 0% 0.03%
Exposure via cross contamination b 0.39% 1.5% 3.3% 6.97%
Total exposure 0.39% 1.5% 3.3% 7.0%

a Only for broiler meat preparations (minced meat).
b For chilled or frozen broiler carcasses and parts (broiler meat preparations

included).



Table 6
Elaboration of scenario-analysis for the probability of exposure to cephalosporin resis-
tant E. coli in one meal containing broiler meat with regard to the type of meat, type of
storage and exposure route for 4 arbitrarily chosen exposure doses.

Exposure dose (cfu/meal) 10,000 cfu 1000 cfu 100 cfu 10 cfu

Whole carcass Only consumption
of whole carcasses
(all types)

0.63% 2.1% 4.3% 9.3%

Only consumption of
whole chilled carcasses

0.81% 2.1% 4.5% 9.8%

Only consumption of
whole frozen carcasses

0.32% 1.3% 3.4% 7.6%

Broiler parts Only consumption of
broiler parts (all types)

0.56% 1.8% 3.9% 8.0%

Only consumption of
chilled broiler parts

0.62% 1.8% 4.1% 8.3%

Only consumption of
frozen broiler parts

0.22% 1.1% 3.0% 6.3%

Broiler meat
preparations

Only consumption of
broiler meat
preparations

1.6% 3.2% 5.7% 11.2%

Exclusion of cross
contamination

0.96% 1.3% 1.6% 2.5%

Total exposure for the entire
model (Table 5)

0.39% 1.5% 3.3% 7.0%

Table 8
Elaboration of scenario-analysis for the probability of exposure to 4 arbitrarily chosen
doses of cephalosporin resistant E. coli with regard to the overall contamination of
broiler meat with E. coli after slaughter and processing for 4 arbitrarily chosen expo-
sure doses.

Exposure dose (cfu/meal) 10,000 cfu 1000 cfu 100 cfu 10 cfu

Maximal contamination with E. coli of
broiler carcasses and broiler parts: NE.

coli whole=4.15 en NE. coli part=3.41
(Table 1)

1.9% 4.3% 8.9% 16.7%

Minimal contamination with E. coli of
broiler carcasses and broiler parts:
NE. coli whole=0.82 en NE. coli part=0.99
(Table 1)

0% 0.16% 1.1% 2.5%

Total exposure for the entire model
(Table 5)

0.39% 1.5% 3.3% 7.0%
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will likely hamper the treatments with the conventionally used anti-
microbials (Smet et al., 2010).

In modeling the exposure to CREC the farm to fork continuum has
beenmodeled, partiallymaking use of information andmodules elaborat-
ed in prior risk assessment on Salmonella and Campylobacter (Bollaerts et
al., 2009; Hartnett et al., 2001; Uyttendaele et al., 2006). We used specific
input data on the prevalence of CREC (and generic E. coli) in broilers and
broiler meat which were obtained from the Belgian Food Safety agencies'
annualmonitoring plan or available as results fromdedicated national re-
search programs or surveys. For some aspects for which no specific
knowledge was present some assumptions were made i.e. identical
growth and survival characteristics of cephalosporin resistant and generic
E. coli; the absence of temperature abuse (>10 °C for several hours) dur-
ing production, processing, distribution and display in the retail; the con-
sistent consumption of vegetables with every serving of broiler meat.
Some of these assumptions may have resulted in an overestimation of
consumer exposure to CREC (e.g. the co-consumption of vegetables
with broiler meat and thus ability for cross-contamination) whereas
other might result in an underestimation (e.g. no temperature abuse).
Further assembling data on these knowledge gaps may contribute to
more accurate risk estimates.

The model shows that the majority of exposure is caused by cross
contamination in the kitchen. This is partly the consequence of the
structure of the model, because it is assumed that for broiler meat
other than minced meat preparations the only exposure route is
cross contamination. However, cross contamination is also the main
route of exposure for minced broiler meat preparations and is more
Table 7
Elaboration of scenario-analysis for the probability of exposure to 4 arbitrarily chosen
doses of cephalosporin resistant E. coli with regard to the prevalence of cephalosporin
resistant E. coli in primary production.

Exposure dose (cfu/meal) 10,000 cfu 1000 cfu 100 cfu 10 cfu

Proportiona of CRECb in primary
production=0.75

0.58% 1.9% 4.2% 9.3%

Proportiona of CRECb in primary
production=0.1

0.14% 0.78% 2.2% 4.8%

Total exposure for the entire model
(Table 5) with average proportion
of CREC in primary production=0.36

0.39% 1.5% 3.3% 7.0%

a Within total number of E. coli.
b 3rd generation cephalosporin resistant E. coli.
important than insufficient heating. This is in agreement with risk as-
sessment for other food borne pathogens such as Campylobacter
(Uyttendaele et al., 2006) and Salmonella (Uyttendaele et al., 2009).
Thus, in accordance to the prevention of food born infections by zoo-
notic pathogens such as Salmonella and Campylobacter, also this expo-
sure assessment of CREC via broiler meat consumption points out the
importance to comply with good hygiene practices during prepara-
tion of broiler meat, as well by consumers as in professional catering
or food service operations.

In the different what-if scenarios it is clearly shown that both the
proportion of CREC (within the total number of E. coli) in primary
production and especially the overall contamination of broiler car-
casses or broiler parts with E. coli during the slaughtering process
have a major impact on the consumer exposure to elevated numbers
of CREC. This means that a sound antibiotic drug policy in primary
production and respect of good hygiene practices in the slaughter-
house and cutting plant could reduce significantly the probability of
exposure to CREC during consumption of broiler meat. This last state-
ment is in accordance with a recent Campylobacter infection risk
assessment which states that reducing the level of Campylobacter at
carcass level is an efficient intervention method for reducing the
risk of campylobacteriosis (EFSA, 2011).

As for the total exposure of humans to CREC, the model only de-
scribes one possible transmission route, namely the transfer of CREC
from broilers to humans through consumption of broiler meat. It is
clear that also meat from other origin (e.g. pork) might carry CREC
and that direct contact between animals and humans can cause ex-
change of cephalosporin resistant bacteria. Moreover, animals as a
reservoir of CREC can introduce the resistant bacteria in the environ-
ment (water, vegetation) and thus may be responsible for an indirect
way of transfer of cephalosporin resistance to humans. Bonnet (2004)
described the occurrence of ESBL resistance in Kluyvera spp. in the soil
and Ruimy et al. (2009) found that 13% of the studied vegetables and
fruits carried Rahnella spp. that showed ESBL resistance. Given that
consumption of vegetables is not always accompanied by a prelimi-
nary heating step or other reduction step, this transmission route is
also to be considered. Yet, it is currently impossible to determine
the relative importance of these different transmission routes due to
a lack of data on the presence of CREC in other reservoirs and food
products than broiler and broiler meat.

The present model was restricted to an exposure assessment because
current knowledge on risk characterization of the ingestion of CREC via
food consumption and thus its consequences for human health is insuffi-
cient. The model estimates that the probability to be exposed to more
than 1000 cfu of CREC by a serving with broiler meat is about 1.5%. It
can be expected that especially people who are treated with cephalospo-
rins are at risk because this treatment results in an increased population
size of the cephalosporin resistant microbial population which facilitates
the transfer of cephalosporin resistance genes as has been demonstrated
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in vitro by Smet et al. (2010). Although no data is available, it is likely that
also other factors have an impact on the transfer of cephalosporin resis-
tance genes in the human digestive tract.

Finally there are hardly any data on the prevalence of CREC in the
intestinal flora of humans in Belgium. Moreover, the data that are
available (Meex et al., 2008) only take clinical patients into account.
This is again an important piece of missing data to quantify the impact
of the exposure from animal origin on the presence of CREC in the
human population.
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