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Campylobacter challenge for EU
poultry producers

Budapest, 30/10/2013

WhoWho isis CampylobacterCampylobacter??

 Mobile bacili.

 Microaerophylic

 Termophylic (42º C)

 Two main species:

 C. jejuni

 C. coli

 Sensible to oxygen, heat, desiccation and
disinfectants
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ProjectProject ProposalProposal -- NecessityNecessity

Hermans, et al., 2011

EFSA Journal 2011; 9(4):2105

EFSA Journal 2010; 8(1):1437
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ProjectProject ProposalProposal -- NecessityNecessity

4EFSA Journal 2013,11(4):3129
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ProjectProject ProposalProposal –– NecessityNecessity ((batchesbatches))

EFSA Journal 2011; 9(4):2105
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ProjectProject ProposalProposal –– NecessityNecessity ((CarcassCarcass))

EFSA Journal 2010; 8(03):1503
6
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ProjectProject ProposalProposal -- ImpactImpact

EFSA Journal 2011; 9(4):2105

 ≈ 9.000.000 human infections per year (UE-27).

 Total cost: 2.4 billions € per year.

High Economic Impact
7

UKUK
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CampylobacterCampylobacter vsvs campylobacteriosiscampylobacteriosis

 Poultry is one of the most important reservoirs
for Campylobacter and constitutes a significant
vehicle for the transmission of campylobacter to
humans (Humphrey et al., 2007).

 Retail

 UK: 46-77%

 Ireland: 50%

 Most important risk factors for contracting
Campylobacter infection are consumption of
chicken, lettuce and eating in takeaways

 Chicken consumption showed a dose-response
relationship, whereby more frequent consumption
of chicken increased the risk of infection by 20%
per time of consumption (Danis et al., 2009).
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CampylobacterCampylobacter vsvs campylobacteriosiscampylobacteriosis

 A total of 31% of human clinical isolates can be
related to retail chicken. A study clearly identified
retail chicken as the single largest source of
clinical campylobacter infection in Scotland (FSA
Scotland, 2009).

 In Canada, a 30-year study revealed that 56% of
outbreak cases of campylobacteriosis were
associated with poultry (Ravel et al., 2009).
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IcelandIceland
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CampylobacterCampylobacter vsvs campylobacteriosiscampylobacteriosis

How can I reduce the risk
to consumers?

Reducing the contamination of broilers and
the subsequent risk to human health can be
achieved by reducing the concentration of
Campylobacter in the intestines of broilers
on-farm and reducing the concentration of
Campylobacter on the surface of processed

chickens in the slaughterhouse

14
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InterventionsInterventions

 Pre-harvest interventions

 Post-harvest interventions

 Labeling

 Education programs

 NO VERTICAL TRANSMISSION

15

PrePre--harvestharvest interventionsinterventions

 Relationship between the concentration of
Campylobacter in the intestines and the levels
found on the surface of carcasses.

 It has been reported that Campylobacter levels in
caeca are approximately 1 log10 higher than faecal
levels (Nauta et al., 2007).

 A positive correlation was found between high
levels of colonisation in the caeca and
concentrations on corresponding carcasses and
portioned products (Reich et al. 2008)

16
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PrePre--harvestharvest interventionsinterventions

 Rosenquiest et al. (2006) documented a
correlation between campylobacter concentration
in intestinal content and on chicken carcasses
after defeathering.

 Mean concentrations in neck skin samples after
defeathering are closely related to the mean
concentration in the intestinal samples.

 Mean number of campylobacter/g in positive
intestinal samples ranged from 4.74 log10 to 8.2
log10 cfu/g, compared to the mean number of
Campylobacter/g in neck skin after defeathering
which ranged from (1.90– 3.93 log10 cfu/g).

 The concentration on neck skin (after
defeathering) was 4.2 log10 cfu/g less than levels
recovered in the intestines 17
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PrePre--harvestharvest interventionsinterventions

 A risk assessment simulation showed that the
incidence of campylobacteriosis associated with
consumption of chicken meals could be reduced
30 times by introducing a 2 log10 reduction of the
number of Campylobacter spp. on chicken
carcasses.

 Based on the Dutch risk assessment (Nauta et al.,
2005), processing is expected to yield
approximately a 2 log10 reduction from the initial
Campylobacter concentration in faeces, prior to
slaughter, to the final concentration on the
dressed carcass.

19

PrePre--harvestharvest interventionsinterventions

 Microbiological criteria

 Ireland: 4log10 cfu/g

 UK (2015): batches >3log10 cfu/g lower 10%

 EC?

20
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PrePre--harvestharvest samplingsampling

 A limit of ≤6-7 log10 cfu/g in pooled caecal
samples is recommended (depending the limit in
the carcass to be achieved)

 Sampling should be carried out on-farm seven
days (or less if feasible) before slaughter.

 Testing of each house should be performed by
randomly selecting 10 birds from various
locations within the house which will be
harvested and dispatched to the laboratory on the
same day.

 The caecal contents of the 10 birds will be pooled
for analysis in the laboratory.

 Enumeration of campylobacter in the pooled
samples will be carried out by a laboratory with
accreditation

21

PrePre--harvestharvest criteriacriteria ((IrelandIreland))

22
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PrePre--harvestharvest (non(non nutritionalnutritional)) measuresmeasures

 Personnel access and hygiene:

 A system of boot changes and hygiene measures in the
anterior room

 Personnel access and hygiene during non-routine
events

23

PrePre--harvestharvest (non(non nutritionalnutritional)) measuresmeasures

 Surrounds of broiler house:

 A concrete apron (maintained in good
condition) is recommended in front of the
doors to the broiler house

 It is recommended that pebbles/gravel are
placed along the sides of the houses to permit
rainage, prevent dust circulation and rodents

24
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PrePre--harvestharvest (non(non nutritionalnutritional)) measuresmeasures

 Fly control

 Wherever possible, fitting of fly screens is
recommended, particularly in high prevalence
flocks.

 Alternative methods of fly and insect control
may be appropriate where fly screening is not
possible

 Biosecurity during preparation and stocking of
house

 It is recommended that the truck ramp is
thoroughly cleaned and then disinfected and
that the ramp is placed very close to the
entrance of the house to ensure that the
modules carrying the chicks are not a source
of contamination 25

PrePre--harvestharvest (non(non nutritionalnutritional)) measuresmeasures

 Reduction of slaughter age

 A policy of slaughtering flocks at a younger age
particularly during the summer months, may
lead to a reduction for flocks with persistently
high concentrations of Campylobacter spp.

 Disposal and storage of waste

 Adequate storage and disposal of broiler farm
waste is important to eliminate the potential of
waste being a source of contamination for
subsequent flocks.

 Sexing of birds

 Greater homogenety of birds at time of slaughter

26



14/11/2013

14

PrePre--harvestharvest (non(non nutritionalnutritional)) measuresmeasures

 Partial depopulation (Thining)

 No more than one partial depopulation prior to the final
depopulation

 Period between the partial depopulation and the final
depopulation should not exceed five days

 Effective cleaning and disinfection of forklift wheels and
forks prior to entry into broiler house

 Improved crate, module and truck washing and
disinfection in the slaughter plant

 Thinning teams must put on clean protective clothing and
clean, disinfected boots prior to entry into the broiler
house.

 There should be dedicated footwear supplied for use by
the thinning teams for each house on-farm

 Education of thinning personnel to enforce the importance
of biosecurity

27

PostPost--harvestharvest samplingsampling ((flocksflocks))

 Should take place at the time of evisceration in a way
to minimize external contamination from caeca
content. Intact caeca

 At random through the batch (avoiding the first part of
the batch)

 10 intact caeca collected may be placed in a single
sterile bag/pack for transport= a pooled sample

28
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PostPost--harvestharvest samplingsampling ((carcassescarcasses))

 Should be confined to broilers from those farms
whose pre-depopulation sampling results are positive
and have levels that are ≤6-7 log10 cfu/g.

 Should take place after chilling and prior to further
processing

 Should be carried out when approximately half of the
flock have been slaughtered.

 Fifteen carcasses should be sampled. A piece of
approximately 10g of neck skin shall be obtained from
each carcass. The neck skin samples from three
carcasses shall be pooled before examination in order
to form 5 × 25g final sampling units.

 Samples should be dispatched to a suitable laboratory
for isolation and enumeration of Campylobacter spp

29

PostPost--harvestharvest criteriacriteria ((IrelandIreland))
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UKUK

3
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PostPost--harvestharvest measuresmeasures

 Freezing of chicken

 Adjustment and monitoring of slaughtering equipment

 Crust-freezing of chicken

 The CO2 crust-freezing technique has been shown to
produce consistent reductions (approx. 0.5 log10)

 It can be sold as fresh meat, provided the temperature
of the meat remains greater than or equal to -2°C
(Regulation (EC) No. 543/2008).

 Removal of skin from chicken

 skinless products have counts several logs lower than
the respective meat products with skin

 Logistical approach to slaughter

 broilers from farms with higher counts of
Campylobacter spp. in the caeca) will be slaughtered
later in the day
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PostPost--harvestharvest measuresmeasures

 Hot water treatment of carcasses

 1.66 log10 cfu/cm2 following hot water immersion
treatment at 75°C for 30 seconds (Corry et al. 2007)

 Steam treatment of carcasses

 steam can penetrate cavities, crevices and feather
follicles

 1.3 log10 cfu/g decrease in Campylobacter numbers with
90°C atmospheric steam for 12 seconds

 BUT denatured appearance of the skin or meat surface

 Combined steam and ultrasound

 ≥2.52 log10 cfu/carcass

 Denatured appearance of the skin or meat surface

35

PostPost--harvestharvest measuresmeasures

 Diversion of carcasses to value added products

 Marinating

 Heat treatment of chicken

 D-value (decimal reduction time – the time required
at a certain temperature to kill 90% of a particular
organism) for Campylobacter spp. in cooked
chicken at 55°C is 2.12-2.25 minutes and at 57˚C
0.79-0.98 minutes (ICMSF, 1996)

 Modified atmosphere packaging (MAP)

 Boysen et al. (2007) reported reductions in
Campylobacter numbers of 2.0-2.6 log10 cfu/g after eight
days in 70%/30% O2/CO2 mixture BUT no reduction with
70%N2/30%CO2.

 Modified atmosphere of 80% O2/20% N2 resulted in a
reduction of approximately 1.2 log10 cfu/g (Rajkovic et
al., 2010)
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PostPost--harvestharvest measuresmeasures

 Module, Crate and Vehicle Washing

 Ensure that crates, modules and vehicles are
effectively cleaned and disinfected.

 Appropriate temperatures for cleaning (hot
water) and disinfection and adequate
concentrations of disinfectants should be
used.

 This cleaning should be validated through
periodic microbiological testing

37

PostPost--harvestharvest measuresmeasures

 Scalding

 50-52°C (soft scald) to 56-68°C (hard scald).

 Humphrey et al. (2007): death rate in scald
tank water maintained at 52°C was 9 minutes
(not achieved)

 Counter-current scald tanks: water in the tank
should move through the system flowing
against incoming carcasses. This flow creates
a ‘dirty to clean’ gradient

 High water flow rates in the tanks

 Multi-stage scald tanks

 1-4log10 reduction
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PostPost--harvestharvest measuresmeasures

 Defeathering

 Cross-contamination of carcasses by the
machinery may occur at this step

 Contamination increases largely due to the escape
of faecal material through the cloaca by the action
of the picker fingers pressing on the abdomen

 The feather follicles in the skin at this stage are
open and may lead to movement of campylobacter
cells inside the follicles

 Recommendations to minimise cross-
contamination

 Correct alignment of machinery based on bird
size

 Adequate flow rates of water

 Regular equipment sanitation and maintenance39

PostPost--harvestharvest measuresmeasures

 Evisceration

 Minimize the rupture of the exposed intestines and
prevent the spread of faecal bacteria

 Excessive pressure by the equipment on the
abdominal cavity (Berrang et al., 2004) or an
accidental cut may occur

 Significant amounts of Campylobacter can be
introduced during this process step (Takahashi et
al., 2006) potentially resulting in extensive cross-
contamination

 Recommendations

 Control alignment of equipment

 Visual inspection of carcasses to identify
problems with evisceration

 Regular equipment sanitation and maintenance40
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PostPost--harvestharvest measuresmeasures

 Chilling

 Carcasses are still warm and must be chilled as
soon as possible to inhibit microbial growth

 Chilled room until they are correctly chilled (<4°C).

 Decrease in counts of campylobacter of 1 log10

 Recommendations

 Appropriate design and maintenance of
equipment

 Appropriate line speeds

 Washing of carcasses prior to chilling is
recommended to remove surface debris and
contamination

41

Control of Campylobacter infection in broiler flocks through
two-steps strategy: nutrition and vaccination

-CAMPYBRO-
FP7-SME-2013-605835

42

WP OBJETIVES AND PROJECT SCHEDULE
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WhatWhat isis 7th FP?7th FP?

 7th Framework Programme for Research
and Technological Development (RTD)

 Two main strategic objectives:

 to strengthen the scientific and technological
base of European industry;

 to encourage international competitiveness
while promoting research that supports EU
policies.

 2007 – 2013

 Budget of over €55 billion

43

1. Cooperation → Collaborative trans-national research
activities

3. People → Human Potential. Marie Curie actions and other
initiatives

2. Ideas → Frontier, basic research.

4. Capacities → Research infrastructures, Benefits of SME,
Benefits of SME Associations, regions of knowledge, science

and society, international cooperation,…

FP7FP7 SpecificSpecific programmesprogrammes

44Encourage and facilitate SME AG participation across FP7
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Objectives

Strengthen the innovation capacities and
competitiveness of SMEs, to develop new products and
markets by outsourcing of research.

Clear exploitation potential with economic benefits for
the SMEs (or for the SME members of the associations)
involved.

 bottom-up approach, no thematic focus

FP7FP7 CapacitiesCapacities
“Capacities” –

Research for the benefit of SMEs

45

SMEs
SME Associations

RTD-
Performers

Investing
in Research

Results & IPR

Other enterprises,
End users

FP7FP7 CapacitiesCapacities
“Capacities” –

Research for the benefit of SMEs
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ConsortiumConsortium

47

Imasde Agroalimentaria, S.L.Imasde Agroalimentaria, S.L.

 Private research center with R&D projects in
agroindustries as our main activity.

 Coordinator

48
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Monitor health
safety

Assess nutritional and
health risks and benefits

Recommend public health
measures

Conduct,
coordinate and
initiate research

projects

Provide laboratory
reference missions

Provide training
and information
and contribute to

public debate

Authorise marketing of
veterinary medicinal

products

Coordinate the R 31 network
of scientific organisations

Collaborate with European agencies (EFSA,
ECHA , EEA, EU-OSHA, ECDC and EMA)

ANSESANSES -- MissionsMissions

Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest for Goverments and R&D institutionsEmerging interest for Goverments and R&D institutions
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Emerging interest forEmerging interest for GovermentsGoverments and R&D institutionsand R&D institutions

57

De los Santos et al., 2009

WorkWork PackagesPackages

58

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

WP 1. Efficacy of several compounds against Campylobacter in broilers orally infected looking for synergies WP1

T1.1. In vivo effectiveness of products based on plant extracts, organic acids, prebiotics, and probiotics against Campylobacter. T1.1 ● ● ● ● ● ● ● ● ●

T1.2 In vitro effectiveness of mixtures of products: Synergistic effect T1.2 ● ● ●

T1.3. In vivo effectiveness of product mixtures based on plant extracts, organic acids, prebiotics, and probiotics against Campylobacter. T1.3 ● ● ●

WP 2. Feed presentation strategies against Campylobacter. WP2

T2.1. Effect of feed composition, particle size and feed presentation on the prevalence of Campylobacter in broilers orally infected T2.1 ● ● ● ● ● ● ● ● ●

T2.2 Effect of whole grain feeding on the prevalence of Campylobacter in broilers orally infected. T2.2 ● ● ● ● ● ●

WP 3. Interactions between products and feed presentation against Campylobacter. Synergies. WP3

T3.2. Interactions between product mixtures and feeding strategies against Campylobacter looking for synergies T3.1 ● ● ● ● ● ● ● ● ●

T3.2 Studies in the effect of the duration of treatment on the final infection: design of funtional diets T3.2 ● ● ● ● ● ● ● ● ●

T3.3. Study on the correlation between in vitro and in vivo results. Cost-Benefit analyses. T3.3 ● ● ●

WP 4. Application of different nutritional strategies against Campylobacter in experimental farm and field trials. WP4

T4.1. Effect of different strategies against Campylobacter on performance parameters and level of infection of broilers chickens in

experimental farm.
T4.1 ● ● ● ● ● ●

T4.2. Effect of different strategies against Campylobacter on performance parameters and level of infection of broilers chickens in commercial

farms.
T4.2 ● ● ● ● ● ●

T4.3. Effect of different strategies against Campylobacter on performance parameters and level of infection of turkeys in commercial farms. T4.3 ● ● ● ● ● ●

WP 5. Development of a novel vaccine against Campylobacter based on reserve vaccinology WP5

T5.1. Exhaustive identification of new potential vaccine antigens against Campylobacter using the reverse vaccinology strategy. T5.1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

T5.2. Development of an in vitro test to visualize the recognition of Campylobacter antigens by antibodies. T5.2 ● ● ● ● ● ● ● ● ●

T5.3. Determination of an efficient sub-unit vaccination protocol T5.3 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

T5.4. Selection of the Campylobacter proteins that will be evaluated for their protective capacity T5.4 ● ● ● ● ● ● ● ● ● ● ● ●

T5.5. Assessment of the protective potentials against Campylobacter induced by the selected vaccine candidates. T5.5 ● ● ● ● ● ● ● ● ● ● ● ●

WP 6. Evaluation of the developed nutritional strategies in different geographical situations. WP6

T6.1. Evaluation of developed nutritional strategies in South, Central, and East European conditions T6.1 ● ● ● ● ● ●

WP 7. Project Management WP7

T7.1. Contractual, legal, Administrative and financial management and overseeing of ethical and gender issues T7.1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

T7.2. Monitoring and coordination of technical activities of the project, and planning, organizing and reporting of Project Coordinating

Committee and General Assembly
T7.2 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

T7.3. Relationship with the European Commission T7.3 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

WP 8. Dissemination, training and exploitation WP8

T8.1. Dissemination of project results T8.1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

T8.2. Training to achieve project results implementation T8.2 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

T8.3. Exploitation of project results T8.3 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

MILESTONES

CAMPYBRO
Year 1 Year 2 Year 3

WP

MILESTONE 4 MILESTONE 5MILESTONE 3MILESTONE 1 MILESTONE 2
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WorkWork PackagesPackages

WP 1. Efficacy of several compounds against
Campylobacter in broilers orally infected looking for

synergies.

 T1.1. In vivo effectiveness of products based on plant extracts, organic acids,

prebiotics, and probiotics against Campylobacter.

T1.2 In vitro effectiveness of mixtures of products: Synergistic effect

T1.3. In vivo effectiveness of product mixtures based on plant extracts, organic

acids, prebiotics, and probiotics against Campylobacter.

59

WorkWork PackagesPackages
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WorkWork PackagesPackages

WP2. Feed presentation strategies against
Campylobacter.

 T2.1. Effect of feed composition, particle size and

feed presentation on the prevalence of

Campylobacter in broilers orally infected

 T2.2 Effect of whole grain feeding on the prevalence

of Campylobacter in broilers orally infected.

61

WorkWork PackagesPackages

WP 3. Interactions between products and feed
presentation against Campylobacter. Synergies.

 T3.2. Interactions between product mixtures and

feeding strategies against Campylobacter looking for

synergies

 T3.2 Studies in the effect of the duration of treatment

on the final infection: design of functional diets

 T3.3. Study on the correlation between in vitro and in

vivo results. Cost-Benefit analyses.
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WorkWork PackagesPackages

WP 4. Application of different nutritional strategies
against Campylobacter in experimental farm and field

trials.

 T4.1. Effect of different strategies against

Campylobacter on performance parameters and level

of infection of broilers chickens in experimental farm.

 T4.2. Effect of different strategies against

Campylobacter on performance parameters and level

of infection of broilers chickens in commercial farms.

 T4.3. Effect of different strategies against

Campylobacter on performance parameters and level

of infection of turkeys in commercial farms. 63

WorkWork PackagesPackages

WP 5. Development of a novel vaccine against
Campylobacter based on reserve vaccinology

 T5.1. Exhaustive identification of new potential vaccine antigens

against Campylobacter using the reverse vaccinology strategy.

 T5.2. Development of an in vitro test to visualize the recognition of

Campylobacter antigens by antibodies.

 T5.3. Determination of an efficient sub-unit vaccination protocol

 T5.4. Selection of the Campylobacter proteins that will be evaluated

for their protective capacity

 T5.5. Assessment of the protective potentials against Campylobacter

induced by the selected vaccine candidates.

64
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WorkWork PackagesPackages

WP 6. Evaluation of the developed nutritional
strategies in different geographical situations.

 T6.1. Evaluation of developed nutritional strategies in

South, Central, and East European conditions
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WorkWork PackagesPackages

WP 7. Project Management.

 T7.1. Contractual, legal, Administrative and financial

management and overseeing of ethical and gender

issues

T7.2. Monitoring and coordination of technical

activities of the project, and planning, organizing and

reporting of Project Coordinating Committee and

General Assembly

T7.3. Relationship with the European Commission
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WorkWork PackagesPackages

WP 8. Dissemination, training and exploitation.

T8.1. Dissemination of project results

T8.2. Training to achieve project results

implementation

T8.3. Exploitation of project results
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