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Executive summary

Scope and objectives

In response to a request from the 52nd Session of the Codex Committee on Food
Hygiene (CCFH), the Joint FAO/WHO Expert Meeting on Microbiological Risk
Assessment (JEMRA) convened a meeting in Rome, Italy from 6 to 10 February
2023, to collate and assess the most recent scientific information relevant to the
control of thermotolerant Campylobacter species C. jejuni and C. coli (hereafter
Campylobacter) in broiler production and chicken meat, including a review of
the Codex Guidelines for the Control of Campylobacter and Salmonella in Chicken
Meat (CXG 78-2011)."

The scope was focused on aspects of broiler primary production from the point of
chick placement into production establishments to consumer handling.

The objectives were to identify and assess control measures for Campylobacter in
the broiler production chain. The expert committee reviewed the available data
on Campylobacter control including scientific literature published from 2008 to
October 2022 and data submitted in response to a call for data for this meeting. The
experts: 1) determined the quality and quantity of evidence of control measures
for Campylobacter, 2) evaluated the impact of measures to control Campylobacter
in the broiler production chain, 3) determined which hazard-based interventions
pertained specifically to Campylobacter and which were general to the control
of foodborne pathogens in the pre- and post-harvest broiler production chain,
and 4) reviewed and recommended revisions to the Guidelines for the Control of
Campylobacter and Salmonella in Chicken Meat (CXG 78-2011), paragraphs 1 to
115, based on the currently available scientific evidence (Annex 3).

Control measure evaluation began at the time of chick placement since there
is currently no evidence that parent flocks or hatchery practices contribute to
the colonization of broiler chicks. The available literature on interventions was
predominantly based on laboratory and pilot studies, with few commercial
scale applications; therefore, limited conclusions could be reached. The experts
recommend the use of a combination of multiple interventions (multihurdle

1 FAO and WHO. 2011. Codex Guidelines for the Control of Campylobacter and Salmonella in
Chicken Meat (CXG 78-2011). Rome. https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/de/?Ink=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex
%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf


https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf

approach) suitable to production and processing stages to lower Campylobacter
contamination on chicken meat.

Conclusions

Several interventions were identified through primary production to post-processing
stages. The expert consultation concluded the following in each stage of production:

Assessment of primary production interventions for the control of Campylobacter
Biosecurity and management approaches

o Using strict biosecurity measures (hygienic practices and sanitation) can
enhance the control of Campylobacter in broiler flocks.

o Risk factors for Campylobacter contamination at primary production
establishments, such as partial depopulation, litter management, down
period length, proximity to other livestock and slaughter age can help
guide intervention strategies.

Vaccination-based approaches

o Currently, there are no commercial vaccines for Campylobacter readily
available for any stage of primary production, and vaccination studies
were limited to C. jejuni only.

o Several potential vaccine candidates are in the proof-of-concept phase
but cannot be considered yet as an intervention.

e Some vaccines induced a cellular or humoral response in the chicken
host, but this did not always translate to reduced caecal colonization by
Campylobacter in pilot studies.

Bacteriophage-based approaches

o There are currently no commercial products available for use in primary
production.

o The effects of phage therapy may be transitory and prone to resistance.
Feed and water additives
Organic acids

o Infeed, short- and medium-chain fatty acids, and in particular, caprylic
acid, show promise as feed additives in reducing Campylobacter in pilot
studies.



o In drinking water, organic acids reduced Campylobacter in caecal/
faecal specimens at the end of the primary production period; however,
the effects were not sustained to the end of production in pilot studies.

Probiotics

o In feed, there is inconsistent evidence on the efficacy of probiotics as
an intervention for reducing Campylobacter in broilers at primary
production level.

Plant-based additives

o In feed, the efficacy of some plant-based molecules in in vivo pilot
studies showed limited reduction of Campylobacter in caecal/faecal
specimens at the end of the primary production period.

Assessment of processing interventions for the control of Campylobacter

Good hygienic practices (GHP) during processing are important in
minimizing Campylobacter contamination on meat.

The effectiveness of interventions during processing is dependent upon
the incoming flock prevalence and concentration of Campylobacter in the
gastrointestinal tract and on the bird.

The impact of processing practices can be enhanced by a combination
of a multihurdle approach, processing effects, physical and/or chemical
interventions.

Processing effects

Logistic slaughter scheduling can reduce Campylobacter cross-contamination.

Qualitative and quantitative targets for Campylobacter may be used to
optimize process control.

Scalding reduces the carcass surface concentration and prevalence of
Campylobacter, The result depends on the temperature, and dilution effect.

Defeathering and evisceration may increase both prevalence and concentration
of Campylobacter on carcasses.

Immersion chilling can reduce (dilute) the carcass concentration of
Campylobacter; however, this is dependent on the initial Campylobacter
load on the incoming birds.

In combination with processing aids, immersion chilling may reduce the
carcass prevalence of Campylobacter.



o Air chilling may reduce concentration of Campylobacter, but the efficacy
of air chilling in reducing prevalence of Campylobacter when used without
other processing aids is inconclusive.

Physical
o Irradiation is effective at eliminating Campylobacter on meat.
o Freezing meat reduces the concentration of Campylobacter.

o Steam, ultrasonication, high-intensity light pulse, visible light, UV-C and
other technologies have shown promise either at the laboratory or pilot
scale, but their impact is unknown at commercial scale.

Chemical

e Processing aids such as chlorine derivatives, peroxyacetic acids, and
organic acids added to water used for washing and/or dipping may
reduce Campylobacter on carcasses.

e Some marination ingredients have shown reductions in Campylobacter
on meat.

Post-processing interventions for the control of Campylobacter
o Thorough cooking is effective at eliminating Campylobacter on meat.
o The application of GHPs is important in reducing Campylobacter on meat.
o Freezing meat reduces the concentration of Campylobacter.

o Some marination ingredients have shown reductions in Campylobacter on
meat.

Available evidence for the reduction of Campylobacter was primarily focused
on C. jejuni and C. coli. Interventions aimed at foodborne pathogens such as
irradiation or thorough cooking are eftective in eliminating Campylobacter on meat.
Hazard-based interventions, good agriculture practices and hygienic practices for
the general control of foodborne pathogens may be effective for the reduction of
Campylobacter. There are no interventions that specifically control Campylobacter
on meat.

The experts recognize further data gaps exist and that new technologies may
offer promising approaches to reducing Campylobacter on chicken meat. Further
global changes to the industry, the growth of global populations, climate change,
and increased demand for animal protein in specific regions will guide the need
for further control measure assessments.

xi






Introduction

1.1 REQUEST FROM CODEX

Campylobacteriosis is among the most frequently reported foodborne diseases
worldwide (Havelaar et al., 2015; Tack et al., 2019). In response to the requests
from Codex for scientific advice, FAO and WHO have undertaken risk
assessments of foodborne pathogens in various foods since 1999 (FAO and WHO,
1999). In the past, the Joint FAO/WHO Expert Meetings on Microbiological Risk
Assessment (JEMRA) have conducted risk assessments of Campylobacter spp.
in broiler chickens (FAO and WHO, 2008, 2009b) and evaluated intervention
measures being used in the production of chicken meat (FAO and WHO, 2009a).

In its report on the global burden of foodborne disease, the World Health
Organization (WHO) estimated that in 2010 foodborne Campylobacter spp.
caused more than 95 million illnesses, 21 374 deaths, and nearly 2 142 000 DALY's
(Havelaar et al., 2015). While numerous potential vehicles of transmission exist,
commercial chicken meat has been identified as one of the most important food
transmission vehicles for Campylobacter spp.

At its 52nd session in 2022, the Codex Committee on Food Hygiene (CCFH)
requested that JEMRA collate relevant scientific information on Salmonella
and Campylobacter in chicken meat in preparation for a potential update of the
existing Guidelines for the Control of Campylobacter and Salmonella in Chicken
Meat (CXG 78-2011).

To meet the request of the CCFH, FAO and WHO convened this expert meeting
on the pre- and postharvest control of Campylobacter spp. in broiler chicken meat
from 6 to 10 February 2023 at FAO headquarters, Rome. The goal of the meeting



was to gather and evaluate recent data, evidence and scientific opinions on the
topic. The output aim was to provide expert opinion on intervention strategies for
the control of Campylobacter in pre- and post-production chicken meat.

1.2 CONSUMPTION AND PRODUCTION

1.2.1 Global consumption of chicken meat

According to FAO, the global poultry population was 27.9 billion head in 2019,
with chickens accounting for 93 percent. Poultry refers to all domesticated birds
raised for meat, eggs or feathers, while chicken meat (broiler chicken) production
includes species of chickens raised for meat consumption. The number of chickens
worldwide has more than doubled since 1990 with poultry accounting for more
than 40 percent of all meat produced for human consumption (OECD and FAO,
2021).

The Agricultural Outlook 2021-2030 suggests that the global meat supply will
continue to expand over the next projection period reaching 374 million tons by
2030 (OECD and FAO, 2021). The overall global expansion of meat production is
driven by production in China, the Americas and Africa. China alone is expected
to account for the greatest increase in meat production followed by Brazil and
the United States of America. The global consumption of meat protein from any
animal species is also projected to increase by 14 percent by 2030, from the 2018-2020
projections (OECD and FAOQ, 2021). Factors influencing meat consumption include
population growth and demographics, urbanization, income, meat prices, cultural
norms, environmental aspects, animal welfare and people’s personal health.

Chicken meat production and availability are expected to grow by 18 percent globally
due to the relative affordability for middle-income consumers. International trade has
also helped improve access to chicken products worldwide and increasingly so in Asia
and the Near East where demand has outpaced production (OECD and FAOQ, 2021).
Reasons for broiler chicken production growth are multifactorial and include: 1) the
short birth to slaughter time compared to other meat-producing animals, 2) the ability
for lower income families to gain a higher quality of life by raising birds in small-farm
holdings, and 3) the overall increase in chicken meat demand as a result of population
growth and growth in income levels.

As a result of the continued growth of the broiler chicken market, it is necessary
to review pre- and post-production practices from hatchlings to final chicken
meat products to help ensure the safety and quality of this important protein
source for the world’s population.

MEASURES FOR THE CONTROL OF CAMPYLOBACTER SPP. IN CHICKEN MEAT



1.2.2 Intensification of broiler chicken production to meet
growing needs

In many high-income countries, broiler chicken production has been intensified
by increasing farm and flock sizes, developing rapidly growing chicken breeds,
creating a global supply of parental stocks, and investing in optimal feeding (Li
et al., 2021; Jeni et al., 2021). Typically, commercial farms receive day-old chicks, raise
them to a designated age of slaughter and transport the whole flock to an abattoir.
In many low- and middle-income countries, small to medium-size enterprises,
backyard farming and live-bird markets dominate domestic broiler chicken
meat production (Delabouglise et al., 2019; Wong et al., 2017). Biosecurity
is a challenge for the entire chicken production industry but especially so for
enterprises with birds raised in backyard systems and sold at live-bird markets.
These less intensive chicken production systems rarely apply strict biosecurity
and good husbandry practices. When farms are transitioning to increased
intensification, the education and motivation of farmers in management and
biosecurity is crucial.

In the commercial systems, market forces such as an increased demand for
chicken meat products, demand for organically raised products, animal welfare
considerations, and housing requirements all need to be taken into account when
designing Campylobacter spp. control strategies. Such control strategies should be
designed, implemented and monitored with consideration to specific production
conditions.

1.3 SCOPE OF THIS REPORT

The purpose of the experts meeting was to collect, review and discuss relevant
measures for control of Campylobacter spp. in broiler chicken production, from
the primary production stage to consumption.

The scope of the meeting included, but was not limited to, aspects of primary
broiler chicken production, processing, distribution, product handling,
preparation, retail and consumption of chicken meat. Emphasis was placed on the
identification and evaluation of control measures to reduce campylobacteriosis
associated with consumption of chicken meat, taking into consideration the
effectiveness and practicalities of measures.

The objectives of this meeting were:

o To review publicly available literature and guidelines from competent
authorities and industry associations (e.g. compliance guidelines, code of

CHAPTER 1- INTRODUCTION



practices, and so on) to assess the current state of knowledge in controlling
Campylobacter spp. in chicken meat.

o To review mitigation/intervention measures being used at different points
along the food chain and assess their effectiveness at reducing Campylobacter
spp. in chicken meat.

1.4 LITERATURE SURVEY

A review of the available scientific literature targeting changes in knowledge since
2008 was used to develop a bibliography. Scientific articles were selected from
two databases (Web of Science and PubMed), and as there was a need to consider
studies published in languages other than English, data from member countries
and expert opinions were also relied upon.

The records from Web of Science (n = 2498) and PubMed (n = 1964) were added
into Distiller. The function “Duplication Detection” was used by comparing
the Title, Author and Abstract. A total of 915 duplicate articles were found. The
“Smart Quarantine” feature in Distiller was used to remove these duplicates
resulting in 3547 (2498 + 1964 - 915) publications which were used to establish
the working database for the meeting. The search was carried out on 23 October
2022. The keywords used for searching the literature are detailed in Annex 1.

The database was further refined using a two-step process for the relevance
screening and confirmation of the 3547 articles, which were prepared in a dataset
for the experts to review. The details of this procedure were presented to the
experts for their further review and are included in Annex 2.

The experts had a further review of these publications during the meeting, to finalize
whether the literature was considered control measures or not. They provided
recommendations and conclusions based on the included scientific literature as
well as their expert opinions. Literature with applicability to a commercial setting
was considered. The final reviewed papers, not necessarily cited, are listed in the
bibliography at the end of the report.

MEASURES FOR THE CONTROL OF CAMPYLOBACTER SPP. IN CHICKEN MEAT



Control measures

2.1 CONTROLS DURING PRIMARY PRODUCTION

2.1.1 Biosecurity, management and awareness of
Campylobacter prevalence addressed in approaches to
control Campylobacter spp.

To complete the assessment of control measures during primary production,
experts reviewed 45 papers from the literature survey (listed in Annex 4.1.1). The
following sections highlight the findings.

. Biosecurity

Biosecurity measures appropriate for the control of Campylobacter cover multiple
factors, including good production practices such as strict biosecurity and
sanitation (Hansson et al., 2010; Henry et al., 2011; Jonsson et al., 2012; Hasan
et al., 2020; Sandberg et al., 2017; Hertogs et al., 2021; Schweitzer et al., 2021;
Golden and Mishra, 2020; Georgiev, Beauvais and Guitian, 2017). These measures
remain the single most effective tool to reduce Campylobacter contamination at all
stages of primary production and should form the foundation of any intervention
strategy.

. Management

The partial depopulation (thinning) has been found to have an opposite effect
with an increased risk of breaching biosecurity measures and is evidenced to be
a contributing factor to Campylobacter contamination of broiler chicken flocks
(Crotta, Georgiev and Guitian, 2016; EFSA, 2020; van Wagenberg et al., 2016;



Smith et al., 2016; Allen et al., 2008; Higham et al., 2018; Georgiev, Beauvais and
Guitian, 2017). Estimates of relative risk reductions from discontinued thinning
range from 2-33 percent (Crotta, Georgiev and Guitian, 2016; Georgiev, Beauvais
and Guitian, 2017; van Wagenberg et al., 2016). Alternately, adequate cleaning
and disinfection practices, as well as a “resting period”, to decontaminate housing
between flocks have been associated with lower Campylobacter contamination
of subsequent flocks (Zbrun et al., 2021; Bailey et al., 2022; Reichelt et al., 2022;
Agunos et al., 2014).

. Awareness of Campylobacter prevalence in primary production

Campylobacter prevalence amongst broiler flocks varies by season and is
dependent on the region. Temperature and humidity in countries with both
temperate and warm climates has been associated with changes in prevalence
(Urdaneta et al., 2023; Guerin et al., 2008; Chowdhury et al., 2013; Iannetti
et al., 2020; Sindiyo et al., 2018; Seman, Gregova and Korin, 2020; Higham et
al., 2018; Wanja et al., 2022). In addition, ventilation type was associated with
Campylobacter prevalence in a Spanish study (Urdaneta et al., 2023). Older birds
are more likely to be infected by Campylobacter, though evidence regarding
prevalence of Campylobacter amongst conventional versus organic flocks, as well
as breed, flock size and stocking density was mixed (Iannetti et al., 2020; Rawson,
Dawkins and Bonsall, 2019; Lassen et al., 2022; McKenna et al., 2020; Seman,
Gregova and Korim, 2020; Golden and Mishra, 2020; Higham et al., 2018; Borck
Hog et al., 2016; Williams et al., 2013; Russell et al., 2021; Babacan et al., 2020;
Griekspoor et al., 2013; van Wagenberg et al., 2016).

There is a limited number of studies investigating the effect of conventional
versus extensive and antibiotic-free production systems on Campylobacter species
presence, antibiotic resistance and animal welfare (Hansson et al., 2010; Iannetti
et al., 2020; Babacan et al., 2020; Bailey et al., 2019; Bull et al., 2008; El-Shibiny,
Connerton, PL. and Connerton, I.F,, 2005). Of those studies reviewed, five
reported lower Campylobacter prevalence in flocks with higher welfare scores,
amongst both conventional and extensive flocks (Bull et al., 2008; Williams et al.,
2013; Colles et al., 2016; Ianetti et al., 2020; Di Marcantonio et al., 2022). Older
birds raised in extensive production systems were more frequently colonized by C.
coli (E1-Shibiny, Connerton, PL. and Connerton, I.F, 2005; Babacan et al., 2020).
Organically raised flocks were associated with lower levels of Antimicrobial
Resistance (AMR) in primary production (Luangtongkum et al., 2006; Bailey et
al., 2019; Hansson et al., 2021). More research is needed to understand complex
interactions between rearing system, chicken age/breed and welfare in determining
Campylobacter prevalence and risk to human health (Tanetti et al., 2020; Di
Marcantonio et al., 2022).
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o Sources of Campylobacter contamination into primary production
settings and management interventions

The age of a broiler house, number of houses on the property, house layout
including ante-room(s), water sources and drinker type, proximity to other farms,
livestock and other animals were all identified as risk factors for contaminating
the birds by various studies (Torralbo et al., 2014; Borck Hog et al., 2016; Torralbo
et al., 2014; van Wagenberg et al., 2016; Hertogs et al., 2021). Genomic typing
data indicates some Campylobacter lineages are associated with specific livestock
species (including broiler chickens) and wild birds, with little overlap between the
Campylobacter lineage types (Colles et al., 2008; De Haan et al., 2010; Griekspoor
et al., 2013; Sheppard et al., 2010). Campylobacter prevalence in wild birds appears
to be associated with feeding guild, with Campylobacter genotype overriding
geographic signals (Griekspoor et al., 2013; Hald et al., 2016). Transport was
assessed by a few studies. The effects of transport on Campylobacter presence
in broiler flocks were mixed with no clear indication of an increase or decrease
(Mendes et al., 2020; Sevilla-Navarro et al., 2020).

The impact of litter type on Campylobacter colonization of broiler flocks is of
interest. Some evidence suggests a high incidence of foot lesions derived from
wet litter conditions, which may in turn be predictive of higher Campylobacter
contamination load in the flock (Williams et al., 2013; Alpigiani et al., 2017).
Litter quality is included in the internationally recognized WelfareQuality®
protocol and was considered a risk factor in some of the previously mentioned
studies investigating links between flock welfare and Campylobacter prevalence
(Tanetti et al., 2016; Di Marcantonio et al., 2022). The practice of re-use and
treatment of litter between flocks varies globally, however no recommendations
for best practice can be made at the current time (Rothrock et al., 2008; Bailey et
al., 2022).

There was evidence from Denmark and Iceland that fly screens were associated
with lower prevalence of Campylobacter in flocks if high level of biosecurity
measures were already in place (Tustin et al., 2010); however, no further evidence
is available since the original publication.

There is sparse information regarding the role of hatcheries and breeder flocks as
sources of transmission of Campylobacter to primary production flocks. Vertical
transmission of Campylobacter through eggs is largely rejected by the scientific
community, though there are occasional reports of Campylobacter detected in
the reproductive tract of breeding birds (Battersby et al., 2016). Broiler flocks
are usually colonized with different strains than the parent flock (Al Hakeem
et al., 2022). Campylobacter DNA has been detected from commercial broiler
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chicks less than 8 days old, suggesting that early routes of contamination might
have an impact in some instances, however viable culture could not be recovered
(Colles et al., 2021). Vertical transmission remains a topic of investigation for
some studies (Lu et al., 2021). To date, quality evidence to support this as a
transmission route is lacking.

Many risk factors contribute to Campylobacter spp. colonization of broiler flocks,
indicating the difficulties in maintaining effective countermeasures against its
entry into the broiler environment (Natsos et al., 2020). Studies have indicated
that horizontal transmission from environmental sources is the most significant
cause of dissemination into primary production flocks. Newer precision based
genotyping studies will continue to provide further evidence to understand and
refine all forms of transmission routes.

It is challenging to determine the extent of impact that farm personnel or professionals
visiting farms as a control measure. One study concluded disinfection of broiler
houses by unskilled personnel was a risk factor for Campylobacter colonization
(Natsos et al., 2020) whereas another study found no effect on Campylobacter
prevalence (Néther et al. 2009). In a UK specific study, financial incentive for
farmers resulted in farmers producing a greater number of flocks with lower levels
of Campylobacter contamination (Higham et al., 2018). In a US-based questionnaire
study of broiler industry stakeholders, it was concluded that many survey participants
were unfamiliar with Campylobacter specific risk factors (Hwang and Singer,
2020). Without further assessment, the impact of personnel on the introduction
and levels of Campylobacter contamination is inconclusive.

Conclusions

Strict biosecurity and sanitation measures are a key requirement by which to
control Campylobacter and should form the foundation for any on-farm based
interventions. There is some evidence that management practices can influence
Campylobacter population; however, other impact factors such as seasonal
Campylobacter population variation in specific geographical regions, breed of
birds, and age of birds at slaughter cannot be easily controlled by management
practices alone. Transmission route analyses will be helped by tools such as
rapid molecular assays and genomic sequencing that will in turn contribute
evidence used to guide future intervention recommendations and refinement of
biosecurity measures. The genomic profiling of Campylobacter strain lineages in
broiler chicken production will also enable assessment of impact when studying
interactions between the chickens and environmental microbiomes.

Important considerations for on-farm assessments include:
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o whether it is necessary to partially depopulate (“thin”) flocks;
« down time between flocks;
« litter management and welfare of flocks;

« housing, including age/ability to disinfect, ventilation and layout (ante-room[s]);
and

« training and compliance of staff and visitors on strict biosecurity measures.

2.1.2 Vaccine- and bacteriophage-based approaches for the
control of Campylobacter spp.

Vaccines are agents or portions of a bacterial cell that are used to prevent
Campylobacter colonization in broiler birds and to decrease the potential for
Campylobacter transmission to meat products. Vaccines against Campylobacter
have been investigated over many years. A number of different vaccine types
that have been investigated include attenuated, subunit, inactivated, conjugate,
DNA, vector and recombinant vaccines. While efforts in developing effective
Campylobacter vaccines have been made, there is currently no single vaccine
approved for use in broiler bird production.

Bacteriophages, the viruses that specifically infect target bacteria, thereby killing
the host bacterial cell, have also been investigated for their potential to control
Campylobacter. The field of Campylobacter specific bacteriophages (phages) is
relatively limited with very few published data available.

2.1.2.1 Vaccination-based approaches to control Campylobacter

The experts reviewed 23 papers related to vaccine studies for Campylobacter
control with 14 directly applicable to the current review (Annex 4.1.2). The
following sections highlight evidence pertaining to vaccination as an approach to
Campylobacter control in broiler birds.

¢ Quality of evidence

Currently, there are no commercial vaccines for Campylobacter readily available.
Potential candidates (e.g. reverse vaccinology approach) are on the horizon;
however, most trials at present are in a “proof-of-concept phase” or have reported
findings from laboratory or pilot-scale level studies. The quality of the papers was
satisfactory in terms of methodology and study design that incorporate controls and
challenge groups. Assessed trial studies also had a satisfactory level of statistical
analysis to determine measurable effects. A range of vaccine methods and
types (glycans, inserted proteins, flagellin, subunit, in ovo, and live attenuated)
were included in the literature assessed (Layton ef al., 2011; Jeon et al., 2022;
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Gloanec et al., 2022). Some approaches included an alternative vector expressing
Campylobacter proteins to deliver antigens to the poultry host, e.g. Salmonella
(Buckley et al., 2010; Sahin et al., 2015) and Eimeria (Clark et al., 2012), yet
conclusions could not be reached on the approaches as control measures.

The literature reviewed was in the proof-of-concept stage, with no papers indicating
any commercial-level trials or follow-up studies, demonstrating the infancy of the
field of vaccine development for Campylobacter control in broilers.

o  The measure of effectiveness

The measure of effectiveness to control Campylobacter was reported as log level
reductions in the ceca or gut (quantitative) or number of birds positive following
vaccination and challenge (prevalence). Reported vaccine effects varied from
no reductions of Campylobacter noted (Meunier et al., 2018; Mauri ef al., 2021;
Vandeputte et al., 2019) to low level reductions of 1-2 logs or less (Laniewski et
al., 2014; Buckley et al., 2010; Chintoan-Uta, Cassady-Cain and Stevens, 2016;
Gloanec et al., 2022), while a few studies reported high level reductions (up to 4
logs) (Layton et al., 2011; Cui et al. 2022; Nothaft et al., 2021).

There was evidence that some of the candidate vaccines appear to be promising;
however, further research is warranted to examine the candidates on a larger scale, e.g.
commercial farms (Cui et al. 2022; Layton et al., 2011). There is also limited evidence
as to the practicality of vaccine production for these candidates on a larger scale
or as to wider industry vaccination strategy.

Some candidate vaccines were found to induce cellular or humoral response in the
chicken host, meaning that the host immune response recognized Campylobacter,
but in terms of elimination of Campylobacter from the chicken host this did not
translate to stable (rather than transient) caecal colonization or reductions levels
(> 2 logs) (Radomska et al., 2016; Cui et al. 2022; Gloanec et al., 2022), suggesting
that the effects were not consistent and unlikely to be permanent.

Most studies assessed used a homologous challenge approach (i.e. single strain,
typically a C. jejuni) with no studies using a heterologous challenge (i.e. using
diverse Campylobacter strains). No studies to date investigated the ability of a
vaccine candidate to provide cross protection against diverse Campylobacter
species. Additional studies are warranted to understand the levels and types of
cross protection provided by potential vaccine candidates.

o Scalability or applicability (practicability)

Further studies are required for extensive scale application of candidate vaccines,
i.e. farm-level production. All studies reviewed were currently at the lab or pilot-scale
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(research farm) level only with no indication for larger pilot-scale studies such as
commercial farm or production-level studies and no indication of commercial
vaccine trials. Such large-scale trials will be necessary to assess the scalability and
potential impact of candidate vaccines for full implementation in broiler production.

e Geographical representation of the studies

All vaccine candidate studies were conducted only in high-income countries or
regions of the world; therefore, the translation of these studies to underdeveloped
regions will warrant additional studies in specific regions to assess efficacy and
practicality.

Conclusion

Vaccines for Campylobacter control continues to be an emerging field and
warrants further investigation and investment to take proof-of-concept studies to
commercial trial phases.

2.1.2.2 Bacteriophage-based approaches for the control of Campylobacter
spp-

The experts reviewed ten papers (Annex 4.1.2) on the use of bacteriophages as an
intervention measure for Campylobacter colonization in broilers.

¢ Quality of evidence

There are currently no commercial products available for use in primary production.
The bacteriophages used in the studies reviewed varied among studies, with some
well-characterized bacteriophages. Of the six experimental studies reviewed, all
had treatment groups and control groups, allowing assessment of the effect of phage
treatment in a statistically sound manner.

« The measure of effectiveness

Some studies used a single phage strain (Fischer et al, 2013; Furuta et al., 2017;
El-Shibiny et al., 2009), whereas others used multiple (a cocktail of) phage
strains (Carvalho et al., 2010; Kittler et al., 2013; Richards, Connerton, P.L.
and Connerton, I.F, 2019; Hammerl et al., 2014; D’Angelantonio et al., 2021;
Chinivasagam et al., 2020). Treatment was typically via drinking water or gavage.
The effects of phage treatment on reductions of Campylobacter ranged from a
1 log to a > 3 log reduction of Campylobacter colonization in faecal droppings
or caecal contents after necropsy. The effect was most evident a few days post
treatment; however, Campylobacter colonization levels increased over time post
treatment. In some studies, Campylobacter strains were screened for resistance to
phages after treatment. Resistance was reported; however, these strains did not
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overgrow susceptible strains. In some studies, there was considerable variation
between groups/barns used in the study. A reduction of 3 log is considered
relevant for public health, based on a risk assessment by Rosenquist et al. (2003).

Over the last decade or more, there has not appeared to be any technical
progress in the experimental approaches used for the application of phages
for Campylobacter control. Studies do not address the variability between
Campylobacter strains and the applicability or practicality of phages for field or
commercial purposes.

o Scalability or applicability (practicality) and geographical representation
studies

Except for two studies performed on-farm (Australia and Germany) (Chinivasagam
et al., 2020; Kittler et al., 2013) with naturally colonized flocks, studies were
performed in experimental, controlled settings. Applicability could therefore not
be assessed for commercial settings. One field study was conducted in Australia
(Chinivasagam et al., 2020); all other studies were performed in Europe, and
therefore there is no indication of how bacteriophage approaches would be
applicable in other regions.

Phages are variable depending on the strain type and vary in the level of activity.
Additionally, the potential for Campylobacter to develop resistance to the phage is
considerable. Bacteriophage approaches to control Campylobacter are not clear. In
conclusion, no recommendation on the use of bacteriophages can be made at this
time.

2.1.3 Feed and drinking water additives approaches for the
control of Campylobacter spp.

Feed and water additives are chemical or biological supplements that can be added
to water or feed formulations. Additives as a control measure of Campylobacter have
been assessed for effectiveness and scalability. In-feed and in-water additives
applied at the primary stage of production (farms) were reviewed.

¢ Quality of evidence

The experts reviewed a total of 89 papers by first screening and then further
subdividing them into relevant subheadings of organic acids, probiotics and
plant-based additives. The quality of evidence varied with most of the available
literature containing laboratory and pilot stage studies. Although some studies
have provided promising results as to the effects of organic acid additives,
extrapolation of the evidence to the commercial scale of production systems
could not readily be made.
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e Organic acids: measure of effectiveness

Seven papers reported on the impacts of medium chain fatty acids (caprylic
acid) supplementation in feed. The supplementation of medium chain fatty
acids in feed is considered a promising tool for the reduction of Campylobacter
colonization in commercial broiler flocks (Van Gerwe et al., 2010). Therapeutic
supplementation of caprylic acid at 0.7 percent in the feed for 3 or 7 days before
slaughter showed a consistent 3 to 4 log reduction in caecal C. jejuni counts in
market-aged broiler chickens (De Los Santos et al., 2010). The results of this
study indicate that caprylic acid’s ability to reduce Campylobacter does not
appear to be due to changes in caecal microflora or a decrease in intestinal pH.
It is hypothesized that caprylic acid may compromise the outer membrane
determinants in Campylobacter which are needed for bacterial adaptation to host
environment and colonization. It is also possible that caprylic acid has a direct
inhibitory effect on the expression of virulence factors necessary for C. jejuni
colonization in chicks.

The in-water supplementation of caprylic acid at various concentration levels did
not reduce Campylobacter shedding due to the changes in adsorption and caprylic
concentrations reaching the lower intestinal tract (Metcalf et al., 2011). The
addition of sorbic acid, benzoic acid, propionic acid, and acetic acid in drinking
water reduced the Campylobacter shedding reaching a maximum 2 log reduction
during the rearing period (Gharib Naseri, Rahimi and Khaki, 2012); however,
the drinking water additive failed to diminish Campylobacter colonization in the
intestinal colonic and caecal contents at the time of slaughter (Szott et al, 2022).
Therefore, the benefits of drinking water treatment to controlling Campylobacter
shedding and transmission was not significantly evidenced and would need
further investigation.

Other organic acid and medium chain fatty acids showed in vitro study reductions
(Greene et al., 2022); however, the efficacy in in vivo pilot and commercial scale
studies were not performed, as there were negative bird performance effects in
treatment groups. Ferric tyrosine added to the feed at 0.02, 0.05 and 0.20 g/kg can
reduce Campylobacter in the ceca at 42 days up to 3 log (Currie et al., 2018), but
other studies showed lower reductions (i.e. 2 log reduction) (Khattak et al., 2018).

. Probiotics: measure of effectiveness

The use of in-feed probiotic additives as a measure to control Campylobacter in
birds at the primary production level was addressed in 19 papers assessed by the
experts. Probiotic bacteria are thought to reduce pathogenic bacteria (including
Campylobacter) in the gut through competition for shared attachment sites
in the mucosa (Lu and Walker, 2001) or through production of antimicrobial
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metabolites (Oelschlaeger, 2010; Neal-McKinney et al., 2012). The overall
lasting reduction effect by probiotic treatment on Campylobacter presence was
inconsistent across the literature. Administration of feed additives at specific
stages of growth demonstrated some reduction of Campylobacter presence at
midgrowth stage (day 18-21) (Ghareeb et al., 2012); however, those reductions
were not sustained to the end of production. Some pilot studies demonstrated
that administration of Lactobacillus casei overexpresses myosin-cross-reactive
antigen (LC) in the feed and reduced C. jejuni colonization in the cecum, ileum
and jejunum, by more than 1 log CFU/g when compared to the no-probiotic
control group (Tabashsum et al., 2020). The strain was able to generate bioactive
compounds including conjugated linoleic acid. Commercial or large-scale trials
would be required to demonstrate applicability to large-scale farming. The literature
predominantly reported on C. jejuni strains. Probiotic administration did not
demonstrate an effect in reducing C. coli levels in caeca (Mortada et al., 2020).

« Plant-based additives: measures of effectiveness

Plant-based molecules added to feed and water vary in type, concentration of
administration and timing of administration. Twenty-five papers addressed
plant-based additives as a strategy for reducing Campylobacter within the lower gut
of birds. Molecules such as trans-cinnamaldehyde, eugenol, carvacrol, and thymol
demonstrated Campylobacter reduction of up to 4 logs in vitro (Kollanoor Johny et
al., 2010) but to a lower extent (approximately a 2 log reduction) in vivo (Allaoua et
al., 2022). In addition, other plant-molecules, such as glycyrrhiza glabra (licorice)
extract, beta-resorcylic acid, and thymol were tested in pilot in vivo studies, showing
limited efficacy in the reduction of Campylobacter in caecal/faecal counts (~1-2 log
reduction) (Wagle et al., 2017; Ibrahim et al., 2020; Epps et al. 2015).

e Other additives and combination of additives: measure of effectiveness

In papers applying multiple strategies, it is difficult to assess the specific impact of
individual components, and the overall effect cannot be attributed to the administration
of an additive molecule. For example, up to 1 log CFU/g fewer Campylobacter
were recovered from broilers administered either direct-fed Bacillus culture,
prebiotic, refined functional carbohydrates (including mannooligosaccharides
(MOS), b-glucans, and mannose), or symbiotic when compared to the untreated
control group (Froebel et al., 2020). Refined functional carbohydrates, including MOS,
b-glucans and mannose, are important to the pathogen inhibiting functionality
of prebiotics (Oyofo et al., 1989; Spring et al., 2000). These carbohydrates are
thought to bind to bacterial surface adhesins thereby inactivating the bacteria’s
ability to infect the host (Fernandez et al., 2002; Walker et al., 2018).
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Furthermore, the reported reduction effect of Campylobacter using a combination
of in-feed additives (microencapsulated propionic, sorbic acids and pure
botanicals) at different concentrations administered at various stages of growth
resulted in a synergistic action between organic acids and pure botanicals (Grilli
et al., 2013). Greene et al. (2022) reported the anti-Campylobacter properties
of nine compounds belonging to organic acids, medium chain fatty acids and
essential oils in in vitro experiments; however, it was concluded that while the
tested compounds are effective against Campylobacter in laboratory model
studies, the negative effects on broiler performance metrics deem the approach
ineligible for use in vivo.

Further large-scale in vivo studies are required to adequately evaluate the efficacy
of a multi-additive approach to reducing Campylobacter in the lower gut of birds
at the end stage of primary production.

The field of other natural additives is expanding, and further work is required
to evaluate the impacts on Campylobacter reduction in experimental, pilot and
large-scale commercial trials. Other additive candidates include whey powder,
which when applied in feed, may affect the physico-chemical integrity of intestinal
digesta and improve the balance of intestinal microbiota (Tsiouris et al., 2020;
Wilson et al., 2018) However, the existing evidence showed that the effect on
the reduction of Campylobacter in caecal contents was limited based on studies
conducted under both experimental and field settings.

o Scalability, applicability, and geographical representation

The scalability and applicability of in-feed and in-water additives is limited at
this time. Smaller scale in vivo studies were conducted in some investigations;
however, large-scale commercial-level studies are required to assess the efficacy of
interventions at scale.

Primary-source pilot studies were predominantly conducted in one region.
Multiregional and commercial-scale studies were not identified in the assessed
literature, limiting extrapolation of findings beyond the pilot study site.

Conclusions

The evidence for clear reductions to Campylobacter colonization in the lower
gut of birds at various stages of primary production was inconsistent. The use
of caprylic acid (in-feed) demonstrated promise in pilot studies, yet further
commercial-scale evaluation is needed to assess broad-scale application. With the
evidence available, probiotic and plant-based in-feed additives showed limited
and inconsistent reductions to Campylobacter in pilot studies.

To fully assess additives as an intervention strategy at the primary production
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stage, important considerations for assessment are:

o fully addressing the start and end of the additive administration and timing
of measured reduction levels;

o addressing whether measured reductions are calculated on naturally
contaminated birds or challenged birds; and

» compulsorily measuring intervention impact at the end of the rearing cycle
in commercial scale conditions to appropriately assess the true reduction of
Campylobacter.

2.2 CONTROL MEASURES DURING PROCESSING

Experts reviewed 141 papers from the literature survey related to Campylobacter
control during broiler processing. These papers include both primary studies and
systematic reviews, listed in Annex 4.2.

In addition to control measures developed for the primary production stage, a
range of processing steps and interventions during the primary and secondary
processing stages have been developed to reduce Campylobacter contamination
on/in broiler chicken carcasses and parts. Such intervention measures include
general hygienic improvements, technological advancement in processing
operations, and decontamination strategies applied throughout or at specific
processing steps. In this section, the effectiveness of different processing steps and
interventions to reduce the prevalence and/or concentration of Campylobacter
were critically reviewed considering the quality of evidence, practicability of the
evaluated measures, and the geographical representation.

o  Effectiveness of good hygiene practices

Good hygienic practices (GHP) are important in minimizing Campylobacter
contamination during processing. Once Campylobacter is introduced in the
slaughter line, it can spread to the chicken meat, especially at the defeathering
and evisceration steps (Cools et al., 2005). Some Campylobacter strains may also
survive after cleaning and disinfection in a slaughter environment, thus persisting
longer and becoming a source of cross-contamination over time (Garcia-Sanchez et al.,
2017). The implementation and compliance of GHPs as well as following Hazard
Analysis and Critical Control Points (HACCP) principles at the processing
establishment is a systematic way to maintain cleanliness, control the presence and
levels of Campylobacter, and minimize contamination during chicken processing.
The rigorous implementation of systematic approaches can significantly enhance
the integrity and wholesomeness of a food safety management system in broiler
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processing, thereby leading to the reduction of Campylobacter contamination in
broiler chicken products and a subsequent decrease in associated public health
risks linked to chicken consumption (EFSA Panel on Biological Hazards, 2011).

The effectiveness of good hygiene practices at the processing establishment
is in part dependent upon incoming flock prevalence and concentration of
Campylobacter in the gastrointestinal tract and on the bird. Elevated levels of
Campylobacter on the exterior and within the intestinal contents of broilers
can exert greater pressure on a good hygiene management system. A study
investigating risk factors for Campylobacter contamination on broiler carcasses
after slaughter found a significant correlation between the presence and quantity
of Campylobacter in caecal contents and on birds arriving at the processing
establishment (Hue ef al., 2010). Similar finding was evidenced in an EU-wide
baseline survey of Campylobacter on broiler carcasses, revealing an approximately
thirtyfold increase in the probability of obtaining a Campylobacter-positive carcass
post slaughter from a batch of live birds colonized with the pathogen (EFSA,
2010). Good hygiene practices alone during slaughter and processing will have
limited impact on reduction levels if incoming bird contamination is high.

o  Effectiveness of a multihurdle approach

Employing a combination of processing effects that include physical and/
or chemical interventions can enhance the impact of Campylobacter control
measures. It is common to employ a multihurdle approach for a synergistic
reduction of Campylobacter contamination in chicken processing. For example,
processing steps such as scalding and chilling of carcasses have been shown to
decrease the number of Campylobacter (Rasschaert et al., 2020). In some countries,
decontaminants, such as chlorine, added to the chilling water also effectively
reduce the total bacterial load on carcasses (Bucher et al., 2015). Furthermore,
following an implementation of crust freezing combined with logistic slaughter, a
lower prevalence was observed in fresh, chilled broiler meat in Denmark. Recently
published research has evaluated the cumulative effect of combining two or more
chemical and/or physical interventions in a risk assessment, which revealed that
the multihurdle approach can advance the control of Campylobacter contamination
in chicken products (Dogan et al., 2019). Additionally, alternative approaches in
processing were evaluated. The ultrasonication of chicken drumsticks was more
effective in combination with chemical processing aids, compared to chemical
treatments used on their own (Koolman et al., 2014a; 2014b), or in combination
with a vacuum and a water resonance system (Vetchapitak et al., 2020). Greater
effectiveness was not guaranteed with the use of crust freezing and UV in combination,
giving no additional benefit over the use of crust freezing alone (Haughton et al.,
2012). Some may not yet be practical in a commercial plant or when used alone
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(Gunther, Phillips and Sommers, 2016; Isohanni and Lyhs, 2009).

2.2.1 Effectiveness of specific processing procedures
o Logistic slaughter

Logistic slaughter employs a method of scheduling known colonized flocks to
be slaughtered only after non-colonized flocks, at the end of a slaughter day or
week. Logistic slaughter can reduce Campylobacter cross-contamination between
flocks through the exposure to contaminated equipment (e.g. processing lines),
as evidenced by a study where fewer positive samples were recovered from birds
slaughtered after Campylobacter negative flocks compared to Campylobacter
positive flocks (Reich et al., 2008). Norway, Iceland and Denmark have fully
implemented logistic slaughter in national Campylobacter control programmes
(Rosenquist et al., 2009). However, the impact of logistic slaughter on reducing
the risk of Campylobacter infections in humans has not been fully evaluated (Nauta
et al., 2009).

¢ Qualitative and quantitative target incentives

Setting qualitative and quantitative targets for Campylobacter at the processing
plant may be used to optimize process control. Setting quantitative limits (e.g.
Campylobacter colonies per gram of fresh meat) could provide incentive to
reduce the occurrence of highly contaminated carcasses. In New Zealand, setting
a quantitative regulatory limit for chilled chicken carcasses was introduced to
reduce Campylobacter levels in processed chicken. This measure was also used
to evaluate the effectiveness of implemented processing measures on reduction
levels of Campylobacter (Wagenaar, French and Havelaar, 2013). These practices
are further supported by a risk assessment of Campylobacter in chicken. Reducing
the levels of Campylobacter on meat prior to reaching the consumer would be
effective in reducing campylobacteriosis incidence (Nauta et al., 2009).

e  Scalding

Reduction in Campylobacter contamination on chicken carcasses can occur at
the scalding step through physical removal and cell inactivation under elevated
temperatures (hard scalding). Based on a recent systematic review and meta-analysis,
hard scalding with higher temperature exerts a consistent log reduction (mean:
1.85 log CFU, 95 percent CI [1.60, 2.09]) (Dogan et al., 2022), while soft scalding
with lower temperature was associated with a lower log reduction. Decreased
prevalence of Campylobacter on broiler carcasses associated with scalding has
been consistently observed (OR: 0.18, 95 percent CI [0.11, 0.30]). Furthermore, a
multihurdle approach of scalding, and using chemical additives, such as chloride,
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had a greater reduction in both concentration and prevalence at the end of
this processing step (Berrang and Dickens, 2000; Berrang et al., 2003; Berrang,
Windham and Meinersmann, 2011). These findings were primarily based on
studies measuring the naturally occurring contamination of Campylobacter before
and after the scalding step in the pilot or processing scale.

o Defeathering and evisceration

The defeathering and evisceration steps during processing are associated with an
increased prevalence and concentration of carcass Campylobacter contamination,
implying these are critical points in broiler processing for Campylobacter
contamination of downstream products (Dogan et al., 2022; Gruntar et al.,
2015; Zweifel, Althaus and Stephan, 2015; Huang et al., 2017; Reich et al., 2008;
Gichure et al., 2022). The increase in carcass contamination after evisceration is
due to the leakage of faecal contents from pressure applied onto carcasses and
visceral rupture. Primary studies suggest an overall increase in Campylobacter
concentration (mean: 0.88 log CFU, 95 percent CI [0.54, 1.23]) and prevalence
(OR: 5.8, 95 percent CI [1.15, 29.42]) following the defeathering step, with
similar increases observed after evisceration. However, variation was observed
between individual studies. The variation may be related to differences in initial
contamination levels and procedural differences between processing establishment
(Luning et al., 2011; Zweifel, Althaus and Stephan, 2015; Pacholewicz et al., 2016).
Interventions such as organic acid injection into the cloaca and cloacal plugging
have been tested and seem to be promising approaches (Berrang et al., 2001;
Berrang, Smith and Hinton 2006a, 2006b; Berrang, Windham and Meinersmann,
2011). However, the feasibility of their applications on a broader scale for the
industry is uncertain.

o  Chilling during processing

During immersion chilling, broiler carcasses are dipped into cold water with
or without aids to cool down processed carcasses as rapidly as possible, thereby
minimizing microbial growth in the cold-water bath. The reports on the effect of
immersion chilling on Campylobacter contamination of carcasses vary. In some
studies, a decrease in Campylobacter concentration was consistently observed
regardless of the use of processing aids to cool the carcasses (0.70-4.12 log CFU)
(Dogan et al., 2022). Immersion chilling without chemical additives decreased
Campylobacter 1.25 log CFU (95 percent CI [0.96, 1.55]) — a mean of 1.95 log
CFU, (95 percent CI [1.46, 2.45]) when the chemical additive chloride was
added, indicating that the addition of chlorine may control the concentration of
Campylobacter on carcasses post chilling more effectively. Other studies report
the opposite effect of immersion chilling without chemical aids with an increase
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in prevalence observed (OR: 1.55, 95 percent CI [0.81, 2.96]) (Dogan et al., 2022).
The increased prevalence may be explained by a cross-contamination effect of
dipping carcasses into contaminated chilling water. Still, immersion chilling
with chemical additives may compensate for the water contamination effect and
minimally reduced prevalence (OR: 0.71, 95 percent CI [0.28, 0.61]) (Dogan
et al., 2022). Adding chemical processing aids to chilling water can control the
transmission of Campylobacter across carcasses during the immersion chilling
process.

As an alternative approach, air chilling presents some advantages over immersion
chilling in product quality, thus gaining popularity in broiler processing. In
terms of Campylobacter control, most studies reported a slight decrease in
Campylobacter concentration associated with air chilling, showing a mean log
reduction of 1 log CFU based on studies conducted at pilot or processing scale.
However, most studies reported no significant effect based on studies evaluating
challenged or naturally occurring contamination at either pilot or processing
scale (Dogan et al., 2022).

As with control measures to reduce Campylobacter during chilling, immersion
chilling is more effective than air chilling in terms of reducing the exterior surface
concentration of Campylobacter on broiler chicken, regardless of the use of
processing aids.

e Alternative Campylobacter reduction approaches

Freezing and ionizing (gamma) irradiation have been shown to be effective
in reducing Campylobacter contamination on chicken carcasses but are not
recommended as the primary method of pathogen control (Umaraw et al., 2017;
Gellynck et al., 2008; Gunther et al., 2019; Cox and Pavic, 2010). Experimental
trials have shown that crust freezing of chicken meat portions may reduce
Campylobacter by up to 1.5 log CFU with minimal impact on the colour of treated
skin (Haughton et al., 2012). In addition, flesh temperature may be maintained
above - 2 °C (Burfoot et al., 2016) consistent with the EU target for selling fresh,
rather than frozen, meat.

Steam, ultrasonication, high-intensity light pulse, visible light, and UV-C among
others have shown promise either at the laboratory or pilot scale, but their impact
is unknown at commercial scale (Sorro et al., 2020; Chun et al., 2010; Koolman
et al., 2014a, 2014b; Vetchapitak et al., 2020; Haughton et al., 2012; Moazzami,
Fernstrom and Hansson, 2021).
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¢ Chemical additives as a Campylobacter reduction approach

In the countries and regions where chemical processing aids are permitted for use
in chicken processing, common examples include chlorine, chlorine derivatives
(e.g. chlorine dioxide, acidified sodium chlorite), peroxyacetic acids (PAA),
organic acids (e.g. lactic acid [LA]), and quaternary ammonium compound (e.g.
cetylpyridinium chloride [CPC]) (Ebel, Williams and Tameru, 2019). These
chemical aids are added to water used for spray and/or immersion, with the aim of
reducing Campylobacter on broiler carcasses and parts. Studies have documented
variation in the effectiveness of chemical processing aids, reporting factors such
as initial contamination, amount of organic matter on the bird and carcass and
chemical application conditions responsible for variation in Campylobacter
reduction levels. Among the different classes of chemical processing aids, chlorine
may be less effective as an intervention in decontaminating carcasses containing
Campylobacter in comparison to PAA, during the pre-chill, chill or post-chill
immersion or spray application step (Cano, Meneses and Chaves, 2021). Organic
acid such as lactic acid is a chemical control option considered during post-chill
treatments, as it has fewer occupational concerns. Peroxyacetic acids and lactic
acid demonstrate comparable reduction levels in Campylobacter contamination in
immersion studies, while the comparison for spray applications is inconclusive.
Effectiveness of PAA was comparable to or higher than that of CPC, depending
on specific product type and treatment conditions (Cano, Meneses and Chaves,
2021; Dogan et al., 2022). Unlike physical processing effects, the effectiveness
of chemical processing aids has mostly been investigated in challenge studies
conducted in laboratory settings or pilot plants, which may introduce uncertainty
when extrapolating the impact of such aids on naturally occurring contamination
at a broader processing scale.

Marinades are commonly used to enhance the sensory characteristics of meat,
yet studies have also demonstrated their potential to reduce Campylobacter on
chicken meat. Marinades typically contain water, salt, spices, sugar, wine, and
acidic ingredients like vinegar, lemon, or lime juice (Lopes, Da Silva and Tondo,
2022). The use of marinades for chicken cuts such as breast, fillets and wings
reduced Campylobacter contamination from 0.5 to 3 log CFU (Park, Hong and
Yoon, 2014; Birk et al., 2010; Zakariené et al., 2015; Isohanni et al., 2010), with
some studies reporting reductions of up to 6 log CFU (Thanissery and Smith,
2014). pH was identified as the most significant factor influencing Campylobacter
inactivation, although other factors such as specific ingredients’ compounds and
storage temperature also played a role. Currently available evidence was collected
from studies conducted in laboratory settings using inoculated chicken cuts and
parts.
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2.3 CONTROLS DURING POST-PROCESSING, RETAIL
AND CONSUMER LEVELS

The experts reviewed 77 papers, of which 19 were strictly related to post-processing
stages of chicken meat production. Control measures were evaluated and highlighted
in the next section (Annex 4.3).

2.3.2 Effectiveness of specific retail /post-processing measures
o  Freezing of meat product

Laboratory-based studies found that freezing chicken meat for 1 week at 20 °C
significantly decreased Campylobacter counts on meat by 1.73 log CFU/g (Bolton
et al., 2014). Continued storage resulted in additional reductions, but the greatest
reductions occurred after the first week. Other studies have also reported freezing
at — 20 °C resulting in reductions of 2.2-2.6 logs within 9 days of storage (El-Shibiny,
Connerton, P. and Connerton, L., 2009). Variability was noted in the survival of
strains examined, suggesting that Campylobacter strains have varying levels of
freezing resistance. Where studies of contaminated cooked product were undertaken,
low level contamination (50 CFU/g) could not be detected on 70 percent of frozen
samples after storage for 7 days and was detectable at reduced levels on 92.5
percent of samples inoculated with 500 CFU/g, suggesting that the organism can
survive freezing (Eideh and AlQadiri, 2011), posing a potential health risk where
cross-contamination of cooked product occurs. Freezing is an effective control
measure for reducing Campylobacter; however, this measure does not reduce
levels to zero.

. Cross-contamination awareness

Prevention of cross-contamination by replacing cutlery and cutting boards
used for food preparation after handling raw chicken and the prevention of
hand contact with other foodstuffs after handling contaminated chicken meat
considerably reduced Campylobacter contamination to other foods (Jong et al., 2008;
Verhoeff-Bakkenes et al., 2008). Washing cutting boards and cutlery in hot water
and detergent have greater effects on reducing Campylobacter contamination
than using cold water (Jong et al., 2008). Reducing cross-contamination between
materials contaminated with Campylobacter and other foods that may not receive
further treatment (e.g. salad preparation) is especially important to preventing
risks of infection (Verhoeff-Bakkenes et al., 2008).

«  Consumer education

A large study showed that international recommendations to consumers is difficult.
Particularly in terms of the lack of easy “rule-of-thumb” guidelines or tools to check
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safe cooking conditions at home. The study concluded that regional differences
in contamination levels, food culture and regional economies are challenges to
developing international recommendations that ensure consumer food safety
specific to Campylobacter infection risk that could be easily implemented by each
country (Langsrud et al., 2020).

Evaluation of web-based information interventions designed and tested on
participant motivation and intentions to cook more safely was conducted (Nauta
et al., 2008). The intervention supported by the emotion “disgust” was selected
as the most promising information intervention. Alone, this intervention has no
effect on infection risk but together with instructions for meal preparation, it was
found that the risk decreased (Nauta et al., 2008).

«  Control measures in commercial kitchens

Examination of Campylobacter contamination in restaurant kitchens reported
that the prevalence of Campylobacter increased after raw meat handling. The
prevalence of Campylobacter on food contact surfaces also increased, and in some
cases the organism was present on food surfaces prior to raw meat preparation
(Lai et al., 2021). Washing of boards and utensils in hot water and detergent
was reported to reduce contamination, but poor washing hygiene practices did
not reduce contamination (Lai et al., 2021; Jong et al., 2008). For commercial
kitchens, poor sanitation offers greater opportunities for cross-contamination
and Campylobacter transmission during preparation of chicken dishes (Lai et
al., 2021). Use of neutral electrolyzed water (NEW), quaternary ammonium
(QUAT), and lactic acid-based solutions on the surfaces of inoculated scarred
polypropylene and wooden food-cutting boards reduced C. jejuni levels (Al-Qadiri
et al., 2016). The reduction was dependent on contact time and the type of
surface. These agents were found to cause reductions of 3 log on boards within the
first minute of application and > 5 log reductions within 5 minutes of application.
Reduction levels were lower on boards made of wood compared to polypropylene.

In conclusion, the use of good hygiene practices and appropriate training of food
handlers in food preparation kitchens that cater to mass events (restaurants)
are essential to reduce the risk of cross-contamination between raw meats and
finished (cooked products), and ultimately reduce the exposure of Campylobacter
to consumers. In addition, the use of appropriate sanitizing agents and washing
procedures for chopping boards, surfaces and kitchen tools is essential to reduce
the risk of cross-contamination and human exposure.

e  Heating

Studies using naturally contaminated chicken meat provide a more realistic model
of treatments or interventions (e.g. cooking or processing) (Vaz et al. 2021).
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Cooking at 70 °C was found to reduce Campylobacter levels by > 1.5 logs within 30
minutes (Vaz et al., 2021), but the organism survival persisted following initial
reductions indicating that a core temperature is necessary to reduce Campylobacter to
negligible levels. Heating to a core temperature > 74 °C has been shown to be required
to reduce Campylobacter levels in cooked products (Sampers et al., 2010; FAO
and WHO, 2011).

e Marinades post-processing

As with marination at broiler meat processing stage, marination of chicken
products post-processing (e.g. consumer-based level) can reduce consumer risk
of Campylobacter exposure. Some studies suggest Campylobacter reductions of
1-2 logs were possible using marinades, but such reductions are dependent on
the concentration and type of ingredients used in the marinade (e.g. tartaric acid,
oregano, thymol; essential oils). In one study, the effects of thyme oil extract in
the marinade appeared to enhance the killing effect of Campylobacter resulting in
a > 1 log reduction in inoculated chicken wings held at 4 °C for 168 h (Zakariené
et al., 2015).

The spread of tartaric acid solutions (2, 4, 6 and 10 percent) on chicken meat was
found to reduce the level of Campylobacter by 0.5 to 2 logs after storage for 3 days
at 4 °C, but the studies were carried out in vitro and significant variation was
observed among the 14 strains exposed to this acid (Birk et al., 2010).

Apple-based edible films containing carvacrol and cinnamaldehyde were
evaluated for bactericidal activity against antibiotic resistant and susceptible C.
jejuni strains on chicken meat. Retail chicken breast samples inoculated with
antibiotic resistant strains and a susceptible strain were wrapped in apple films
containing cinnamaldehyde or carvacrol at 0.5 percent, 1.5 percent and 3 percent
concentrations, and incubated at 4 or 23 °C for 72 h. The antimicrobial films
exhibited dose- and temperature-dependent bactericidal activity against all
tested strains. The films with cinnamaldehyde were more effective than carvacrol
films, and reductions at 23 °C were greater than those at 4 °C. Populations of all
strains were reduced to below detection level at 23 °C after 72 h exposure. At 4 °C
cinnamaldehyde exposure reduced Campylobacter levels between 0.2 to 2.5 logs
and 1.8 to 6.0 logs at concentrations of 1.5 percent and 3.0 percent, respectively
(Mild et al., 2011).

Interactions of Campylobacter with the microbial community throughout pre- and
post-production processing are not yet well identified. A better understanding of
the interactions between Campylobacter and the surrounding microbiota may further
guide control measures support information used in qualitative and quantitative
microbial risk assessments (QMRA) (Chintoan-Uta et al., 2022; Ijaz et al., 2018).
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Review of the Code of Practice

The expert committee was tasked with a review of the current code of practice
with the view of assessing whether the current code of practice requires updates
in light of new information or research or changes that require addressing or
revision.

The experts evaluated the impact or efficacy of control measures relevant to
Campylobacter spp. in the broiler production chain, noting the variability of the
impact reviewed and recommended revisions to the Guidelines for the Control of
Campylobacter and Salmonella in Chicken Meat (CXG 78-2011), paragraphs 1 to
115, based on the currently available evidence (Annex 3).
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Concluding remarks

Since the first publications in the early 1970s showed an association between
“Vibrios” (now named Campylobacters) in poultry and stool samples of
humans with enteritis, tremendous efforts have been made to understand the
infection from both the pathogen and the animal host side. Within broiler
chicken production systems, various interventions throughout the process have
been developed and evaluated. Although some successes have been reported,
effective Campylobacter interventions are still very limited. Continuous research,
innovation and collaboration among stakeholders are essential to further improve
intervention strategies. The currently available interventions in broiler chicken
pre- and post-production systems have been reviewed in this report as control
measures for Campylobacter. As most of the burden of campylobacteriosis in
humans is caused by C. jejuni and C. coli, the majority of available evidence is
primarily reported on C. jejuni and C. coli species. For this report, the experts
concentrated on the review and assessment of intervention measures to these two
species.

Several interventions have been proposed and tested, including the use of
bacteriophages, vaccination, probiotics, and disinfectants, among others. Studies
have also explored the effects of processing techniques, such as air chilling versus
water chilling.

Overall, the results of these studies have been mixed, with some interventions
showing promise in reducing the prevalence of Campylobacter in specific stages
of production, while others have had little to no effect. It is important to note
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that interventions that have been successful in one study may not necessarily be
effective in other settings, as the prevalence and characteristics of Campylobacter
can vary widely between different processing facilities.

The broader interventions at the primary production stage include precise biosecurity
measures, such as strict hygiene practices and control of wildlife access to chicken
farms. Targeted hazard-based interventions in the post-processing stages of
production and good agriculture practices and hygienic practices for the general
control of foodborne pathogens throughout the production system may be effective
for the reduction of Campylobacter; however, there are no interventions that
specifically control Campylobacter on meat.

The experts recognize further data gaps exist and that some new technologies may
offer promising approaches to reducing Campylobacter in pre- and post-production of
chicken meat. Further global changes to the industry, growing of global populations,
climate change, and increased demand for animal protein in specific regions will
guide the need for further control measure assessments.

In conclusion, while interventions to reduce Campylobacter in chicken processing
have shown some promise, further research is needed to identify effective
interventions that can be implemented on a large scale. It is also important to note
that a multifaceted approach involving both pre- and post-harvest interventions
is necessary to effectively control Campylobacter in chicken production systems,
and an implementation of robust monitoring and surveillance systems to track
Campylobacter throughout the system is crucial to evaluating the effectiveness of
interventions and identifying emerging trends.
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Intervention summary synopsis

A number of interventions were identified through primary production to
post-processing stages. The expert consultation concluded the following in each
stage of production:

Assessment of primary production interventions for the control of
Campylobacter

Biosecurity and management approaches

Using strict biosecurity measures (hygiene practices and sanitation) can
enhance the control of Campylobacter in broiler flocks.

Risk factors for Campylobacter contamination at primary production
establishments, such as partial depopulation, litter management, down
period length, proximity to other livestock and slaughter age can help
guide intervention strategies.

Vaccination-based approaches

Currently, there are no commercial vaccines for Campylobacter readily
available for any stage of primary production, and vaccination studies
were limited to C. jejuni only.

Several potential vaccine candidates are in the proof-of-concept phase
but cannot yet be considered as an intervention.

Some vaccines induced a cellular or humoral response in the chicken
host, but this did not always translate to reduced caecal colonization by
Campylobacter in pilot studies.
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Bacteriophage-based approaches

There are currently no commercial products available for use in primary
production.

The effects of phage therapy may be transitory and prone to resistance.

Feed and water additives

Organic acids

o Infeed, short- and medium-chain fatty acids, and in particular, caprylic
acid show promise as feed additives in reducing Campylobacter in pilot
studies.

o In water, organic acids reduced Campylobacter in caecal/faecal
specimens at the end of the primary production period; however, the
effects were not sustained to the end of production in pilot studies.

Probiotics

o Infeed, there is inconsistent evidence on the efficacy of probiotics as
an intervention for reducing Campylobacter in broilers at primary
production level.

Plant-based additives

o In feed, the efficacy of some plant-based molecules in in vivo pilot
studies showed limited reduction of Campylobacter in caecal/faecal
specimens at the end of the primary production period.

Assessment of processing interventions for the control of Campylobacter

Good hygiene practices during processing are important in minimizing
Campylobacter contamination on meat.

The effectiveness of interventions during processing is dependent upon
the incoming flock prevalence and concentration of Campylobacter in the
gastrointestinal tract and on the bird.

The impact of processing practices can be enhanced by a combination
of a multihurdle approach, processing effects, physical, and/or chemical
interventions.

Processing procedures

Logistic slaughter scheduling can reduce Campylobacter cross-contamination.

Scalding reduces the carcass surface concentration and prevalence of
Campylobacter; however, the effect depends on the temperature, and
dilution effect.
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Defeathering and evisceration may increase both prevalence and
concentration of Campylobacter on carcasses.

Immersion chilling can reduce the carcass concentration of Campylobacter;
however, this is dependent on the initial Campylobacter load of incoming
birds.

In combination with processing aids, immersion chilling may reduce the
carcass prevalence of Campylobacter.

Air chilling may reduce concentration of Campylobacter, but the efficacy
of air chilling in reducing the prevalence of Campylobacter when used
without other processing aids is inconclusive.

Physical

Irradiation is effective at eliminating Campylobacter on meat.
Freezing meat reduces the concentration of Campylobacter.

Steam, ultrasonication, high-intensity light pulse, visible light, UV-C and
other technologies have shown promise either at the laboratory or pilot
scale, but their impact is unknown at commercial scale.

Chemical

Processing aids such as chlorine derivatives, peroxyacetic acids, and
organic acids added to water used for washing and or dipping may reduce
Campylobacter on carcasses.

Some marination ingredients have shown reductions in Campylobacter
on meat.

Assessment of post-processing interventions for the control of
Campylobacter

Thorough cooking is effective at eliminating Campylobacter on meat.

The application of good hygiene practices is important in reducing
Campylobacter on meat.

Freezing meat reduces the concentration of Campylobacter.

Some marination ingredients have shown reductions in Campylobacter on
meat.

CHAPTER 5 - INTERVENTION SUMMARY SYNOPSIS
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Annex 1

THE KEYWORDS USED FOR SEARCHING THE CONTROL
MEASURES OF CAMPYLOBACTER SPP. IN POULTRY

Parameter Search

1 (poultry) poultry
OR chicken*
OR hen*
OR broiler*

OR “Gallus gallus”

OR “Gallus domesticus”
OR “G gallus”

OR “G domesticus”

OR “Gallus gallus domesticus™
OR “G gallus domesticus”
OR duck*

OR turkey*

OR goose

OR geese

OR guineafowl!*

OR pigeon*

OR “quail”

NOT layer*

2 (Salmonella)

Campy or campylobacter

3 (intervention)

intervention*

OR antibiotic*

OR antimicrobial*
OR antibacterial*
OR bacteriophage*
OR bifidobac*

OR biosecur*

OR boning

OR chlorine

OR chill*

OR “competitive exclusion”
OR contamination
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3 (intervention) OR control
OR cool*
OR cut*
OR debon*
OR decontaminat*
OR decreas*
OR dehid*
OR dehair*
OR disinfect*
OR dress*
OR efficacy
OR eviserat*
OR fabricat*
OR grind*
OR “hot water”
OR hygiene
OR immunis*
OR immuniz*
OR inactiv*
OR irradiat*
OR lactob*
OR “lactic acid bacteria”
OR mitigat*
OR pasteuriz*
OR phage*
OR probiotic*
OR reduce*
OR reducing
OR reduction
OR rins*
OR skin*
OR “sodium chlorate
OR spray*
OR steam
OR treatment*
OR storage
OR trial
OR trim*
OR vaccin*

”

OR vaccum*
OR wash*

4 Title/Abstract (1 AND 2 AND 3)
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Annex 2

THE QUESTIONS FOR THE TWO-STEP RELEVANCE

SCREENING AND CONFIRMATION

A2.1 Relevance screening

Question Options Key definitions
1. Does this citation * Yes, primary research Primary research is a collection
describe research . of new data in a single study.

Yes, systematic review/
meta-analysis

* Yes, risk assessment,
risk profile, or other
risk-based tool (e.g.
cost-benefit analysis)

evaluating the efficacy
and/or effectiveness
(including costs

or practically of
implementation)

of interventions

to control * No, oritis anarrative
Campylobacter in literature review on the
poultry at any stage subject (exclude)

from the primary
production to
consumption?

Selections 1-3 will pass
the citation to the next
review stage and the
article will be procured.

Risk assessment is a scientifically
based process consisting of

the following steps: (i) hazard
identification, (ii) hazard
characterization, (iii) exposure
assessment, and (iv) risk
characterization.

Risk profile presents the current
state of knowledge related to

a food safety issue, describes
potential options that have been
identified to date (if any), and the
food safety policy context that
will influence further possible
actions. Other risk-based tools
could include cost-benefit
analyses, risk ranking, or risk
prioritizations.

Systematic review is a
structured review of a clearly
defined question with a
transparent search strategy,
relevance screening process,
data extraction, risk-of-bias
assessment and synthesis of
results. Meta-analysis is a
statistical technique that can
be used on data collected in a
systematic review.

Exclude research on feral animals
(e.g. feral pigs not produced for
human consumption), and in vitro
lab experiments.
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2. What commodity is
investigated?

» Chicken (Gallus gallus
domesticus)

Duck (Cairina sp)
Turkey (Meleagris)

Goose (Anser anser)

Guineafowl (Numida
meleagris)

Pigeon (Columba livia
domestica)

Quail (Coturnix
japonica)
+ Other

A2.2 Relevance confirmation

Question

Options

Key definitions

Did the study
investigate
outcomes other than
Campylobacter?

* Yes, E. coli (generic
and/or pathogenic
strains)

* Yes, Salmonella
* Yes, other bacteria
* No

In what setting was
the study carried
out?

*  Commercial/field
conditions

* Research farm/pilot
plant

* Smallholder farm/
abattoir conditions

» Laboratory conditions
* Not reported

In what country
was the study
conducted?

* Theinformationisin
the abstract, which is:
(COMMENT)

* Cannot tell from the
abstract

Specify country name only
(not subregions, states,
provinces, etc.)

How much logarithm
reduction?

* Theinformationisin
the abstract, which is
(COMMENT)

* Cannot tell from the
abstract

» Other way to reflect the
efficiency (COMMENT)
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Isit at farm?

.

Yes
No

What is the intervention?

+ Biosecurity/
management practices

»  Vaccination
* Antimicrobials
+ Competitive exclusion/

probiotics

+ Feed/water
acidification

» Feed characteristics/
management

« Bacteriophages
»  Other (COMMENT)

Is it from transport to
slaughter?

Yes
No

What is the intervention?
(COMMENT)

Is it processing?

Yes
No

What is the intervention?
+ Segregated/logistic
slaughter

» Cleaning/disinfection
of equipment/
environments

» Carcass/product
washes, rinses, sprays

» Standard processing
procedures/good
hygienic practices
(GHP)

» Irradiation

* Modified packaging
» Bacteriophages

+  Other (COMMENT)

Is it from post-
processing to
consumer?

.

Yes
No

What is the intervention?

» Biosecurity/
management practices

» Vaccination
* Antimicrobials
+ Competitive exclusion/

probiotics

+ Feed/water
acidification

» Feed characteristics/
management

« Bacteriophages
+ Other (COMMENT)

Antimicrobials: Examples
include: Fluroquinolones,
cephalosporins, gentamicin,
ampicillin, tetracyclines,
spectinomycin, ciprofloxacin,
ceftriaxone. These may be
administered via feed.

Biosecurity: This includes,
but is not limited to,
sanitation, biosafety,
disinfection, hygiene

and hygiene barriers, all-
in-all-out production,
depopulation, staff and the
environment, litter testing
and treatment, pest control,
etc.

Competitive exclusion:

This may also be referred

to as probiotics, prebiotics,
and synbiotics. It may
include Lactobacillus spp.,
bacteroides, Bifidobacterium
spp., Enterococcus faecium,
Aspergillus oryzae, and
Saccharomyces spp. (S.
cerevisiae, S. boulardii). It
may be caecal contents or
other materials from animals
or the environment that
contain many different or
unknown bacterial species.

Feed/water acidification:
This is the addition of
organic acids, such as lactic
acid, to feed or water.

It would include
“nutraceuticals” such as
copper, chromium, zinc,
betaine or carnitine.

Feed management:
These are, for example,
comparisons of coarse/
finely ground feed,
fermented feed, or liquid
feed.

Segregated/logistic
slaughter: For example,
slaughtering/processing of
more highly contaminated
lots after less contaminated
lots

Standard processing
procedures/good hygiene
practices (GHP) refer to
steps such as singeing, de-
hiding, cooling, chilling, etc.
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Annex 3

REVIEW OF THE CODEX GUIDELINES

Recommended revisions to the Guidelines for the Control of Campylobacter and Salmonella in
Chicken Meat (GXG 78-2011), as they relate specifically to the control of Campylobacter spp.

Para. CAC/GL 78-2011

JEMRA Recommendations

5. The Guidelines are presented in
a flow diagram format so as to
enhance practical application of a
primary production-to-consumption
approach to food safety. This format:

» demonstrates differences and
commonalities in approach
for control measures for
Campylobacter and Salmonella;

e ..;and

» facilitates development of HACCP
plans at individual premises and
national levels.

To consider updating the last bullet
to read: “Facilitate development of
HACCP and risk assessment plans at
individual premises...”

9. Scope Consider clarifying the scope
to include: thermotolerant
Campylobacter and non-Typhoidal
Salmonella.

12. The Guidelines systematically Consider the following addition:

present GHP-based control
measures and examples of hazard-
based control measures. GHP is a
prerequisite to making choices on
hazard-based control measures...
Government and industry can use
choices on hazard-based control
measures to inform decisions on
critical control points (CCPs) when
applying HACCP principles to a
particular food process.

“..(CCPs) and relative risk reduction
when applying HACCP and risk
assessment principles to a particular
food process.”
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Para. CAC/GL 78-2011 JEMRA Recommendations

4. Definitions Support the following recommendation
from the JEMRA meeting on Salmonella
controls:

» To consider including a definition
for a production lot as per the
Guidelines on the management of
biological foodborne outbreaks.

» Lot: A definite quantity of
ingredients or of a food that is
intended to have uniform character
and quality, within specified limits,
is produced, packaged and labelled
under the same conditions, and
is assigned a unique reference
identification by the food business
operator. It may also be referred to
as a “batch”.

16. 5. PRINCIPLES APPLYING TO * Consider the following editorial
CONTROL OF CAMPYLOBACTER change: “5i) The principles of food
AND SALMONELLA IN CHICKEN safety risk analysis should be
MEAT incorporated to the extent possible
Overarching.... and as appropriate...” and “5ii)
i. The principles of food safety risk To the e).(tent possible and as -
analysis should be incorporated appropn::te, Competent Authorities
. should...
wherever possible and
appropriate in the control of
Campylobacter and Salmonella
in chicken meat from primary
production to consumption.
ii. Wherever possible and practical,
Competent Authorities....
18. Food Safety Risk Profile for Support the following recommendation

Salmonella species in broiler (young)
chicken, June 2007.

Food Safety Risk Profile for
Campylobacter species in broiler
(young) chicken, June 2007.

from the JEMRA meeting on Salmonella
controls:

To verify that the links referenced in
the footnote are current and active.

To evaluate paragraph 18 and to
consider updating it, if needed.
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Para. CAC/GL 78-2011 JEMRA Recommendations

Section PRIMARY PRODUCTION-TO- Consider the following updates to

7 CONSUMPTION APPROACH TO account for religious practices that do
CONTROL MEASURES not include stunning:

* Process Flow Diagram 2: Step 14
- slaughter: B1) with stunning B2)
without stunning, then A) Hang,
then B1) split into Gas and Electrical

Consider tick marks in Campylobacter

column in the summary table for:

* Receive at Slaughterhouse (use
Establishment as a term)

» Dress (interventions validated for
Campylobacter during dressing
(decontamination)

* Portion (interventions directed at
portions/parts)

24. Control of Campylobacter and Support the following recommendation
Salmonella in grandparent flocks from the JEMRA meeting on Salmonella
is strengthened by the application controls:
ofa combinatipn of biosecurity and + Consider including a definition for
personnel hygiene measures. The biosecurity that includes personal
particular combination of control hygiene.

dopted at tional level
measures adop e. a e?na ‘ona eye « Consider aligning with the WOAH
should be determined in consultation definition: httos:// h.org/
with relevant stakeholders. etinition: Mttps:/7www.woah.org
fileadmin/Home/eng/Health_
standards/tahc/current/glossaire.
pdf.

» Consider changing the text to read
“..by the application of effective
biosecurity measures.”

32. Personnel involved in the » Consider updating the text to read:
transportation of day-old chicks “...transportation of day-old chicks
to parent flocks should not enter to parent flock establishments...”
any livestock buildings and should
prevent cross-contamination of
day-old chicks during loading and
unloading.

36. Personnel involved in the » Consider changing “livestock

transportation of day-old chicks
should not enter any livestock
buildings.

buildings” to “...livestock
establishments.”
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Para.

CAC/GL 78-2011

JEMRA Recommendations

40. The use of fly screens to reduce or » Consider revising this guidance
eliminate fly infestation in broiler as there has not been any clear
houses has been shown to decrease evidence since the initial studies on
the percentage of Campylobacter effectiveness.
spp.-positive flocks from 51.4% to « Consider eliminating the
15.4%. percentages and leave the remainder

of the statement.

+ Consider adding a statement to
include fly screens, in combination
with high biosecurity measures.

41. Full depopulation of the flock should » Consider adding the following to
be carried out where possible. Where statement paragraph 41: “Partial
this is not practicable and partial depopulation has been shown to
depopulation is practised, particular be a risk factor for the increase of
attention should be paid to strict Campylobacter contamination”
biosecurity and hygiene of catchers as there are several reports
and the equipment they use. on thinning/depopulation and

Campylobacter contamination due
to biosecurity deficiencies.

45. Where appropriate to the national » Consider replacing the word
situation, information about the “treatment” with “reduced risk
flock, in particular about Salmonella processing”, “intervention” or
and/or Campylobacter status should “custom processing”.
be provided in a timely manner
to enable logistic slaughter and/
or channelling of poultry meat to
treatment.

54. Washing with abundant potable Support the recommendations from the
running water JEMRA meeting on Salmonella controls:

« Consider replacing potable water
with fit for purpose water to align
with CXG1-1969, paragraph 70. Text
should be adjusted to fit for purpose
water.

59 Other factors that should be taken » Consider replacing “daily” with

into account when designing process
control systems that minimize
contamination during scalding
include:

+ degree of agitation;
« use of multistaged tanks;

. .
ey

» tanks being cleaned and
disinfected at least daily; and

* hygiene measures applied to
reused/recycled water.

“tanks being cleaned and
disinfected at an adequate
frequency (e.g. end of shift)”

Consider adding the following bullet:
“Directed water scalders™
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63. 9.4.1.5 Crop removal » Consider adding the following to
63. Where possible, crops should be section 9.4.1.5: “The use of cropper
extracted in a manner that is likely systems allows the release of
to limit carcass contamination. accumulated dirty water on the
carcass cavity, so efforts to remove
collected water prior to chilling
should be considered.”
67. Carcass washing systems with 13 Consider adding the following
washers using water with 25-35 statement: “Carcass washes with 400
ppm total chlorine have been shown ppm paracetic acid (PAA), showed 1.2
to reduce levels of Campylobacter log reductions of Campylobacter prior
by about 0.5 log;, CFU/ml of whole to chilling.” (Cano, Menses and Chaves,
carcass rinse sample. Post-wash 2021; Chousalkar et al., 2019; De Villena
sprays using Acidified Sodium etal.,, 2022; Dogan et al., 2019, 2022)
Chlorite (ASC) or TSP may further
reduce Campylobacter levels by an
average of 1.3 log;, CFU/ml or 1.0
log,, CFU/ml of whole carcass rinse
samples respectively.
69. An on-line reprocessing spray Consider adding the following
system incorporating ASC has been statement: “Inside and outside bird
shown to reduce Campylobacter washers used for online-reprocessing
in the whole carcass rinse sample at 100 ppm of PAA showed 0.5 log
by about 2.1log;, CFU/ml and to reductions of Campylobacter.” (Cano,
reduce the prevalence of Salmonella Menses and Chaves, 2021; Chousalkar
positive carcasses from 37% to 10%. etal., 2019; De Villena et al., 2022;
Dogan et al., 2019)
70. Dipping carcasses in 10% TSP » Consider removing the

reduced Campylobacter by 1.7
log,, CFU/g neck skin and the
MPN of Salmonella was reduced
from 1.92 log;, CFU/g neck skin to
undetectable levels.

recommendation for TSP since it
may not be as commonly used at this
time.

« Consider adding the following
statement: “Dip treatments in
200 ppm of PAA showed 1.4 log
reductions of Campylobacter in
carcass rinses.” (Cano, Menses and
Chaves, 2021; Chousalkar et al.,
2019; De Villena et al., 2022; Dogan
etal., 2019)
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78. The use of chlorine in the chill tank Consider adding the following
may not act as a decontaminating statement: “Immersion chillers
agent by acting directly on the using 225 ppm of PAA showed
contaminated carcass. However, reductions of 1.18 log in
there would be a washing off concentration and a 76.5% reduction
effect by the water itself, and in prevalence of Campylobacter.”
the addition of chlorine at a level (Cano, Menses and Chaves, 2021,
sufficient to maintain a free Chousalkar et al., 2019; De Villena et
residual in the water would then al., 2022; Dogan et al., 2022)
inactivate Campylobacter and
Salmonella washed off, preventing
re-attachment and cross-
contamination.

81. Forced air chilling (blast chilling) Consider updating the value and
may reduce the concentration of excluding the unit of measure: “up
Campylobacter on chicken carcasses to 1log.” (ANSES, 2018)
by 0.4 log;, CFU/carcass.

82. Immersion chilling has been Consider updating this text to:
shown to reduce concentrations of “Immersion chilling reduces
Campylobacter by 1.1-1.3 log;, CFU/ concentrations of Campylobacter,
ml of carcass rinse. and with a combination of

processing aids can result ina
higher log reduction.” (Dogan et al.,
2022)

84. Immersing whole carcasses in Consider adding the following
600-800 ppm ASCatpH2.5t02.7 text: “Post chill tank interventions
for 15 seconds immediately post- using sprays of PAA at 1000 ppm
chill, has been shown to reduce showed up to 2.1log reductions of
Campylobacter by 0.9-1.2 log;, CFU/ Campylobacter.” (Cano, Menses
ml of whole carcass rinse sample. and Chaves, 2021; Chousalkar et al.,

2019; De Villena et al., 2022; Dogan
etal., 2022)
9.10.1 For Campylobacter Consider adding a new paragraph

for Campylobacter and the following
text: “Immersion of chicken wings
in 1000 ppm of PAA for 30 s has
been shown to reduce 2.3 logs of
Campylobacter” (Cano, Menses

and Chaves, 2021; Chousalkar et al.,
2019; De Villena et al., 2022; Dogan
etal., 2022)
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94. Freezing of naturally contaminated
carcasses followed by 31 days of
storage at -20 degrees C has been
shown to reduce Campylobacter by
0.7t02.9 log;, CFU/g.

« Consider updating this statement
to read: “Freezing of carcasses
and portions contaminated with
Campylobacter followed by storage
at -20 degrees C has been shown
to reduce Campylobacter by up to 2
logs” (Dogan et al., 2022).

95. Crust freezing using continuous
carbon dioxide belt freezing of
skinless breast fillets has been shown
to give a reduction of Campylobacter
of 0.4 log,, CFU/fillet.

« Consider updating the statement to
include all chicken meat products
and not just skinless breast fillets.

108. Chicken meat should be cooked
according to a process that is
capable of achieving at least a 7 log
reduction in both Campylobacter
and Salmonella.

» Consider updating the text to read:
“Chicken meat should be cooked
according to a process that is
capable of reaching an internal
temperature that can inactivate
Salmonella and Campylobacter, for
example 74 °C.”

115. Chicken meat should be cooked
according to a process that is
capable of achieving at least a 7 log
reduction in both Campylobacter
and Salmonella.

« Consider updating the text to read:
“Chicken meat should be cooked
according to a process that is
capable of reaching an internal
temperature that can inactivate
Salmonella and Campylobacter, for
example 74 °C.”
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