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Lay summary

Campylobacter is the most common cause of bacterial foodborne iliness in the UK. Every
year there are an estimated 300,000 foodborne cases in the UK, of which more than half
are related to poultry meat.

Campylobacter naturally lives in the guts of poultry. Undercooked chicken meat is the
main source of exposure to Campylobacter. Thorough cooking kills Campylobacter.
Cross-contamination of other food or work surfaces during preparation or storage of
chicken can also cause illness.

Campylobacter levels are routinely monitored in chicken carcases that are processed in
high-throughput slaughterhouses, but this testing is not currently carried out in some low-
throughput slaughterhouses. Each high-throughput slaughterhouse processes more than
7.5 million birds per year and each low-throughput slaughterhouse processes less than
7.5 million birds per year. Of the 1 billion birds that are slaughtered annually in the UK,
around 5% come from low-throughout slaughterhouses. This report estimates the
difference in risk of campylobacteriosis for products from low-throughput and high-
throughput poultry slaughterhouses in the UK. This was necessary work to assist the
FSA in establishing an appropriate level of sampling for low-throughput slaughterhouses.

We considered the whole pathway of the chicken from farm to fork using the scientific
literature, data from our own survey of Campylobacter in slaughterhouses (FS9990010),
and business data and information on UK levels of infection. Campylobacter levels over a
3-month period (September to December 2021) from chicken processed by low and high-
throughput slaughterhouses were the main data used for our comparison. We could find
no data on differences in the supply of birds to low- versus high-throughput abattoirs, and
no data on differences in the use of the meat after leaving the slaughterhouses.

Based on analysis of the limited survey data available, we could not detect a significant
difference between the proportion of highly contaminated samples from low- and high-
throughput slaughterhouses. We also could not detect a significant difference in
Campylobacter levels in slaughterhouses that perform religious slaughter versus those
that do not.

Based on the number of chickens per year that are processed by low and high-
throughput slaughterhouses, we estimated the number of Campylobacter cases in the
UK annually that are likely linked to low- and high-throughput slaughterhouses
respectively. Based on the evidence available, we conclude that the frequency of
occurrence of campylobacteriosis in the total UK population from chicken produced in
low-throughput slaughterhouses is medium and for high-throughput slaughterhouses is
high, with a medium uncertainty, as a direct consequence of the relative volume of
chicken produced by each type of plant. The severity of campylobacteriosis is low, with
low uncertainty. This assumes that the proportion of the total domestic consumption of
chicken meat originating from low-throughput slaughterhouses does not change.

The current sampling regime requires samples to be taken once a week. If more than 15
out of 50 of samples have high levels of Campylobacter, this is considered a failure and



mitigations need to be put in place. We predicted that if samples are taken once every
two weeks or once every four weeks instead, that would still allow us to identify some
slaughterhouses failing to comply with the 15/50 exceedance rate. However, identifying
issues will take longer and may not detect some failing slaughterhouses.

Sampling requirements are not consistently applied in low-throughput slaughterhouses,
and we did not have access to data on the steps taken when slaughterhouses recorded
high levels of Campylobacter. Therefore, it was not possible to state the effect of
changes in sampling requirements on per-portion risk. However, due to the small
proportion of total poultry meat consumed in the UK that is produced at low-throughput
slaughterhouses, changes to the official sampling requirements at low-throughput
slaughterhouses are unlikely to result in a large difference in the frequency of occurrence
of campylobacteriosis in the UK population.



Executive Summary

Campylobacter is the most common cause of bacterial gastroenteritis in the UK. Every
year there are an estimated 300,000 foodborne cases in the UK, of which more than half
are related to poultry meat.

Poultry is the main reservoir for Campylobacter and undercooked poultry presents a risk
to the consumer of becoming infected with Campylobacter, while thorough cooking kills
Campylobacter. Infection may also result as a consequence of cross-contamination
during preparation or storage of chicken.

Slaughterhouses are classified as either low-throughput (<7.5 million birds per year) or
high-throughput (>7.5 million birds per year). Campylobacter levels are routinely
monitored in chicken carcases that are processed in high-throughput slaughterhouses.
Established process hygiene criteria (PHC) state the samples submitted by
slaughterhouses currently should not exceed 1,000 CFU/g Campylobacter in more than
30% of samples submitted. The microbiological criteria regulation is the same for high-
throughput and low-throughput slaughterhouses, however, testing is not currently carried
out in all low-throughput slaughterhouses due to the financial burden of routine testing.
This work was commissioned to assist the FSA to make a risk-based decision on
whether a tailored-made sampling regime for small-throughput slaughterhouses would be
appropriate.

We considered the whole pathway of the chicken from farm to fork using scientific
literature, data from own survey of Campylobacter in slaughterhouses, in addition to
business data and information regarding UK levels of infection from Campylobacter.

Overall, there was no significant difference between the proportion of highly
contaminated samples (>1,000 CFU/g) gathered from low and high-throughput
slaughterhouses. Using the number of chickens per year that are processed by low and
high-throughput slaughterhouses, we estimated that high-throughput slaughterhouses
contribute a significantly larger number of Campylobacter cases due to their volume.
Currently, most chicken on sale in the UK is produced in high-throughput plants. All else
being equal, small improvements to large plants will have a bigger impact on the overall
risk to the UK consumer population than large changes to a far smaller plants.

A number of uncertainties and evidence gaps were identified during this risk assessment.
We had no information as to the method in which the poultry were reared prior to arriving
at the slaughterhouse and are aware that evidence suggests that this can directly affect
Campylobacter levels at slaughter. Data on low-throughput abattoirs were only available
for a limited period of three months and at the end of slaughter. There was no information
available as to the onward processing of meat handled by slaughterhouses, and we
therefore assumed that low and high-throughput slaughterhouses contribute equally to
retail and hospitality etc. In addition, we assumed that only UK slaughtered chicken is
consumed in the UK.

In conclusion, with currently available data it is not possible to identify any difference
between the current per portion risk of Campylobacteriosis to consumers for low and


https://www.legislation.gov.uk/eur/2005/2073/annex/I

high-throughput slaughterhouses. We also conclude that the frequency of occurrence
of campylobacteriosis in the total UK population from chicken produced in low-
throughput slaughterhouses is medium and for high-throughput slaughterhouses, this is
high. The uncertainty associated with this frequency is medium. The risk assessment
concludes that the severity of Campylobacter infection is low, with low uncertainty.
This assumes that the proportion of the total domestic consumption of chicken meat
originating from low-throughput slaughterhouses does not change.

The current sampling regime requires samples to be taken once a week. If more than 15
out of 50 samples have high levels of Campylobacter, this is considered a failure and
mitigations need to be put in place. We predicted that if samples are taken once every
two weeks or once every 4 weeks instead, that would still allow us to identify some
slaughterhouses failing to comply with the 15/50 exceedance rate (71% and 57%,
respectively). However, identifying issues will take longer and may not detect some
failing slaughterhouses, and may affect behaviours in the plant, i.e. less frequent
sampling may affect standards during processing.

There is a lack of consistency in the application of sampling requirements in low-
throughput slaughterhouses and a lack of information on the corrective actions taken in
the event of an exceedance. Therefore, it is not possible to differentiate the effect on per-
portion risk of changes to current sampling requirements. However, due to the small
proportion of total poultry meat consumed in the UK that is produced at low-throughput
slaughterhouses, changes to the official sampling requirements at low-throughput
slaughterhouses are unlikely to result in a large change in the total number of cases of
campylobacteriosis in the UK population.



1 Statement of Purpose

This risk assessment was commissioned in order to understand the differences in risk of
campylobacteriosis to UK consumers from broilers produced by low-throughput and high-
throughput slaughterhouses in the UK. This evidence will assist FSA risk managers to
establish appropriate and proportionate levels of Campylobacter sampling for low-
throughput slaughterhouses. A two-dimensional risk framework was used in this work,
where risk is expressed in terms of both probability and impact in a two-dimensional
manner, in addition to improvements in the communication of uncertainty (ACMSF,
2020).

1.1 Scope of risk assessment

We aim to assess the per-portion risk, and population-level risk, to UK consumers posed
by consumption of broiler meat from broiler carcases slaughtered in low-throughput
slaughterhouses, using high-throughput slaughterhouses as the baseline.

All broiler slaughterhouses must comply with the sampling and testing requirements of
Retained Commission Reqgulation 2073/2005. If a certain proportion of samples have
high Campylobacter levels, hygiene measures need to be implemented at the plant to
reduce them. Annex | Chapter Il of this regulation allows, on the basis of a risk analysis,
small slaughterhouses producing fresh poultry meat in small quantities to be exempted
from the prescribed sampling frequencies. This risk assessment will inform
considerations of whether an exception from the prescribed sampling frequency can be
applied.

The exposure assessment for this risk assessment was conducted by considering each
step of the pathway from farm to fork in the production of broiler meat in the UK. Each
step was treated as an individual module, with the factors affecting Campylobacter levels
assessed. These modules were identified as farm, abattoir, retail and consumer.

In addition, we assess how the risk is affected by the following four sampling scenarios:

a) Sampling on a weekly basis as per current regulation

b) Not sampling/testing to ascertain compliance with the Campylobacter Process
Hygiene Criteria (PHC)

! Low-throughput slaughterhouses process 7,500,000 birds a year or fewer and high-

throughput slaughterhouses process more than 7,500,000 birds a year
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c) Sampling every other week as is permitted when establishments can
demonstrate compliance with the Campylobacter PHC for a continuous period

of 52 weeks
d) Sampling at a rate of once every 4 weeks

In each of these scenarios, sampling can be assumed to mean sampling carried out
according to the PHC. For Campylobacter, the requirements are for there to be a
maximum number of samples with high levels (more than 1,000 CFU/g) in 10
consecutive sampling sessions (that is 50 samples). The current criterion accepts up to
15/50 samples with high levels of Campylobacter spp. to be compliant. For the risk
assessment, the criterion of 15/50 will remain the same regardless of the frequency of
testing for example, whether the sampling sessions are carried out over a 10, 20 or 40
week period.

1.2 Legislation

Retained Commission Regulation 2073/2005 includes criteria for the Campylobacter
PHC in Annex |, Chapter 2. Within this Annex, Table 2.1 point 9 states that “all broiler
slaughterhouses must comply with the sampling and testing requirements”. The
requirements are that 50 samples are derived from 10 consecutive sampling sessions.
Each sample consists of least 3 pooled neck skins from carcases after chilling. This
means a minimum of 15 broiler carcases are required in each sampling session.

Since January 2020, no more than 15 samples out of 50 should exceed 1,000 CFU/g
Campylobacter. From the 15t of January 2025, no more than 10 samples out of 50 should
exceed 1,000 CFU/g Campylobacter.

The legislation also states that an exceedance requires the following actions to be taken:
improvements in slaughter hygiene; review of process controls of animals' origin and of
the biosecurity measures in the farms of origin.

However, the annex allows for the central authority, on the basis of a risk analysis, to
authorise small slaughterhouses producing fresh poultry meat in small quantities to be
exempted from the prescribed sampling frequencies.

11
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2 Hazard identification

Campylobacter species are Gram-negative spiral, rod-shaped, or curved bacteria which
do not sporulate. There are more than 20 species of Campylobacter, and the most
common pathogenic species causing gastroenteritis in humans are C. jejuni and C. coli.
Other species, such as C. concisus, C. lari, C. hyointestinalis and C. ureolyticus, may be
rarely involved in gastroenteritis (Kaakoush, Mitchell and Man, 2015). Campylobacter is
the most common cause of bacterial gastroenteritis in the UK, with an estimated 300,000
cases in England and Wales annually (Holland and Mahmoudzadeh, 2020).

Infection with Campylobacter typically leads to diarrhoea (frequently bloody), abdominal
pain, fever, headache, nausea and/or vomiting. In rare cases, it can also lead to long
term complications such as reactive arthritis and Guillain-Barré syndrome (ACMSF,
2019).

The main reservoir of Campylobacter is poultry but it can also live in the gastrointestinal
tract of mammals including livestock and pets, such as cats and dogs (Kaakoush et al.,
2015). A recent study found that approximately 70% of C. jejuni and almost 50% of C.
coli infections were linked to chicken as the source (Oxford University, 2021).
Undercooked poultry meat presents a risk of campylobacteriosis and while thorough
cooking kills Campylobacter, infection may also result as a consequence of cross-
contamination during preparation or storage of chicken.

Implementation of controls during poultry slaughter is thought to reduce contamination of
carcases, leading to a reduced public health risk (EFSA Panel on Biological Hazards
(BIOHAZ), 2011). Measures such as appropriately cleaning and disinfecting equipment
like evisceration machines, and processes like scalding, steam-ultrasound treatment and
chilling can decrease the Campylobacter contamination on carcases (Rasschaert et al.,
2020).

The EU Commission established process hygiene criteria (PHC) for Campylobacter spp.
on broiler carcases to indicate the acceptable functioning of the slaughter process and
increase the number of carcases that comply with microbiological criteria with a critical
limit of 1,000 CFU/g Campylobacter spp?. The PHC requires the Food Business Operator
(FBO) to test 5 pooled samples of 15 neck skins, once a week, for Campylobacter spp. If
more than 15 samples out of 50 have high levels of Campylobacter in a period of 10
consecutive weeks, this is considered unsatisfactory and actions need to be taken, such
as improvements in slaughter hygiene, review of process controls, of animals' origin and
of the biosecurity measures in the farms of origin.

Low-throughput broiler slaughterhouses are disproportionately impacted economically by
the current sampling requirements (FSA, 2019a). This report lists the evidence gathered

2 This will be referred to as ‘high levels of Campylobacter within the text.
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for the campylobacteriosis disease burden attributable to low-throughput broiler
slaughterhouses in comparison to high-throughput plants and provides recommendations
for alternative sampling schemes.
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3 Hazard characterisation

Common reservoirs of Campylobacter include:

¢ Raw or undercooked meat, especially poultry.
e Unpasteurised milk.

e Untreated water.

3.1 Cases and outbreaks

The Infectious Intestinal Disease study determined that Campylobacter was the most
common bacterial pathogen isolated from the stools of patients reporting infectious
intestinal disease, with an underreporting factor of 9.3 (Tam et al., 2012). The study
estimated that Campylobacter caused 500,000 cases per year and was the most
common foodborne pathogen in the UK. A further study refined the figure to 300,000
foodborne cases in the UK in 2018 (Holland and Mahmoudzadeh, 2020).

Campylobacter rates reported in the Advisory Committee of the Microbiological Safety of
Food (ACMSF) Epidemiology of Foodborne Infections Group meeting showed a fairly
constant trend in recent years, with reduced reporting in 2020 likely due to the COVID-19
pandemic (Figure 1). In 2021, 67,588 cases were reported in the UK.
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Figure 1: Rate of reported Campylobacter infections by country per 100,000 population
2012 — 2021 (Epidemiology of Foodborne Infections Group, 2022, unpublished data).

Although most campylobacteriosis cases are sporadic, Holland et al. reported
Campylobacter being associated with 147 outbreaks with 2950 cases, and 36,895
hospital discharges between 2001 and 2016 (Holland et al., 2020). Deaths from
foodborne disease are not routinely recorded and when death occurs from infectious
intestinal disease the pathogen is not always specified. Despite this, Campylobacter is
the pathogen most often mentioned on a death certificate, when the underlying cause is
an infectious intestinal disease (Holland et al., 2020).
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3.2 Disease characterisation

The infectious dose of Campylobacter has been reported to be as low as 500 cells
(Robinson, 1981), however the probability of infection at low doses is very low. A recent
overview of challenge studies found that the infective dose required to infect 50% of the
population is 3,300 cells (Teunis et al., 2018).

The incubation period for Campylobacter is usually 2 to 5 days with a range of 1 to 11 days.

The most common clinical symptoms of Campylobacter infections are diarrhoea (frequently
bloody), abdominal pain, fever, headache, nausea and/or vomiting. These symptoms
typically last 3 to 6 days. Gastroenteritis induced by C. coli is clinically indistinguishable to
that of C. jejuni, but patients infected with other Campylobacter spp. report milder
symptoms (Kaakoush et al, 2015). The estimated hospitalisation rate for
campylobacteriosis in the UK is around 1%, which is less than other bacterial
gastrointestinal pathogens such as Salmonella and Shiga toxin-producing Escherichia coli
(O’Brien et al., 2016).

Campylobacter infection can lead to long term complications such as reactive arthritis (9
in every 1,000 cases), Guillain-Barré syndrome (1 in every 1,000 cases) and other rare
late consequences, such as Miller Fisher syndrome, haemolytic uremic syndrome,
inflammatory bowel disease and functional gastrointestinal disorders (ACMSF, 2019).

Campylobacter infections are equally common in males and females, with infants and
children in the 0—4 years age group more likely to be affected. It is more prevalent during
the summer months.
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4 Exposure assessment

The pathway of broilers from farm to fork is complex and includes multiple stages where
the risk of Campylobacter contamination and/or cross-contamination may occur. We
break down the exposure pathway into four key stages: production at the farm,
processing at the slaughterhouse, post-processing at retail and home-preparation by the
consumer. Each module contains variables likely to influence the presence of
Campylobacter in poultry, summarised in the following sections. In this report, we focus
on the differences in the production chain of low and high-throughput slaughterhouses.
Semi-quantitative tools were used to give an approximate estimate of the number of
illnesses and the Campylobacter risk (per portion and at the UK population level) from
chicken produced by low-throughput poultry slaughterhouses in comparison to high-
throughput poultry slaughterhouses.

Slaughterhouse Retail Consumer

Figure 2: The exposure pathway for this risk assessment, broken down into four key
modules.

4.1 Farm module

4.1.1Factors affecting Campylobacter levels at a farm level

At the farm level, a number of factors have been found to affect the probability of
contamination of a portion of broiler meat with Campylobacter. These include biosecurity
procedures, organic farming methods, the practice of thinning, partial de-population,
seasonality, and the age of the bird at slaughter, as summarised in a recent FSA-funded
study on Campylobacter levels during the farm module of poultry production, FS307037
(Ausvet Europe et al., 2022).

Thinning

A major contributor to increased Campylobacter levels in poultry houses is thinning.
Thinning is the removing of unwanted birds from flocks and is widely used by most
commercial producers (Allen et al., 2008). This process may increase Campylobacter
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levels for two reasons; contamination by farm workers during the process (biosecurity
hazard) and the stress it puts on the birds. In a study by Georgiev et al., even flocks
raised with good levels of biosecurity had increased levels of Campylobacter of up to
54.7% after thinning and at processing, and carcases from flocks that were thinned were
twice as likely to have Campylobacter than those that were not (Georgiev, Beauvais and
Guitian, 2017).

Biosecurity

Farms with poor biosecurity practices were also found to have an increased risk of
Campylobacter contamination. A conventional poultry house, that is modern and well
maintained and with limited access, is considered to have good biosecurity (EFSA Panel
on Biological Hazards (BIOHAZ), 2011). Common breaches of biosecurity measures
occur through vectors such as vermin, insects or humans. Farm workers in particular
have been reported to be a major source of Campylobacter spread via poor hygiene
practices and contaminated clothing and boots (Battersby, Whyte and Bolton, 2016).

Organic farming

Studies show mixed results on the effects of organic farming procedures on the risk of
Campylobacter colonisation in flocks. Organic farms are considered to have poor
biosecurity due to exposure of the poultry to the outside environment, leading to
transmission routes from wild birds and other wild animals (Ausvet Europe et al., 2022).
Studies in Denmark have shown that while conventional and indoor broiler flocks have an
infection rate of 36.7% (positive samples from 29 out of 79 flocks tested) and 49.2%
(positive samples from 29 out of 59 flocks tested) respectively, organic flocks had an
infection rate of 100% (positive samples from 22 out of 22 flocks tested) (Heuer et al.,
2001). Furthermore, in Denmark, the prevalence of Campylobacter contamination in
conventional carcases was found to be 19.7% while in organic carcases this was found
to be higher at 54.2%.

Similar studies have not been carried out in the UK, however, our survey of low-
throughput slaughterhouses found that in contrast to this, organic carcases and
conventional carcases had a similar levels of samples with high Campylobacter levels
(24.3% vs 26.6% respectively). A survey of chicken at major and non-major retailer
stores also found no statistical difference in the percentage of highly contaminated
samples between those obtained from free-range and organically reared birds and those
reared under a standard regime (PHE, 2021; Jorgensen et al., 2019).

Seasonality

Seasonal variation of Campylobacter levels is also frequently reported. In the UK,
prevalence of Campylobacter in flocks was found to increase between July-September.
This peak was more clearly evident in the south, thought to be due to warmer climate
(Jorgensen et al., 2011).

Bird age

The age of the flock has been found to correlate with increasing Campylobacter levels.
Conventionally produced birds are consistently reported to have higher levels of
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Campylobacter contamination by the end of the production cycle compared to younger
birds (EFSA Panel on Biological Hazards (BIOHAZ) et al., 2020).

Transport

Crates used to transport live poultry to slaughterhouses can be contaminated with
Campylobacter spp. and provide a risk of cross-contamination between flocks (Hastings
et al., 2011).

Other factors for consideration

As part of the AusVet Europe et al., 2022 study, two workshops were held to discuss the
findings of their literature search with key representatives from the UK poultry industry.
Additional risk factors were identified at these meetings, including the effect of stocking
density. Also, a need for additional information regarding organic versus conventional
production methods was highlighted, as well as information on the effect of bird age on
contamination levels and the effect of breeder flock.

4.1.2Effect of controls applied at farm level

Some effective controls that could be applied at farm level in response to an exceedance,
are outlined below and have been discussed at length in a recent EFSA report (EFSA
Panel on Biological Hazards (BIOHAZ) et al., 2020). It is of note that an FSA funded
study estimated that on-farm factors were 3.5x more important at influencing levels of
Campylobacter spp. in neck skins than slaughterhouse factors (Hutchison et al., 2016).

Addition of disinfectants to drinking water and avoiding drinkers that allow
standing water

One significant source of Campylobacter on farms is contaminated drinking water. It has
been reported that adding organic acids, chlorine-based biocides or hydrogen peroxide to
the drinking water could reduce the risk of Campylobacter-positive flocks by up to 55%
(EFSA). In the UK, chlorination of drinking water has been found to be effective (Ellis-
Iversen et al., 2009), while acidification and hydrogen peroxide have also been reported
to be successful in France and Spain, respectively (Torralbo et al., 2014; V. Allain et al.,
2014). Drinker types that allow for standing water are also associated with increased risk.
One study found that removing drinking devices that included trays/cups etc reduced the
risk of Campylobacter contamination in water sources by up to 78% (Nather et al., 2009).

Effective rodent control and proximity to other animals

Another common source of Campylobacter contamination on farms is rodents, with some
studies estimating that effective rodent control can decrease prevalence in flocks by up to
19% (McDowell et al., 2008; V. Allain et al., 2014). This has been found for both indoor
and outdoor flocks (Huneau-Salaun et al., 2007).

As well as rodents on farms, other animals in adjacent fields have been speculated to be
a source of Campylobacter contamination. Several studies have sequenced
Campylobacter found in both broilers and animals in the surrounding area and identified
them as the same strains, although the direction of spread is often hard to determine
(Weis et al., 2016).
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Employing few and well-trained staff

Another commonly accepted source of Campylobacter contamination on farms is from
farm workers (including maintenance staff and handlers), often via poor hygiene
techniques and contaminated footwear (Battersby, Whyte and Bolton, 2016). Several
studies have shown infection decreases with increased education of staff on good
hygiene practices (Ansari-Lari et al., 2011; Van Limbergen et al., 2018). Furthermore,
limiting the number of farm workers with access to the flock was also found to be
effective. For example, studies in Denmark and France concluded that having more than
one farm worker managing a flock was sufficient to significantly increase the risk of
Campylobacter infection (Refrégier-Petton et al., 2001; Chowdhury et al., 2012).

Hygienic anterooms at broiler house entrance

The presence of an anteroom (a room between the outside door and the entry to the
housing unit) on farms are an important addition to farm control measures and are
effective at reducing Campylobacter risk when used along with good hygiene practices.
The anterooms allow staff to put on clean overalls/change footwear/wash hands etc.
before entering the production unit. They have been shown to result in between 5% and
13% reduction in the Campylobacter prevalence only, however, when kept clean and
used correctly (McDowell et al., 2008; Borck Hag et al., 2016).

Supply of birds with full crops

Another factor identified in a slaughterhouse study as responsible for cross-
contamination is the supply of birds with full crops (IPSOS Mori, 2016). Farmers are
encouraged to leave enough time before the last feed and transport to the
slaughterhouse, to ensure the crop is empty, which presents less chance of cross-
contamination during evisceration.

4.1.3 Differences in the Campylobacter levels of birds
supplied to low-throughput and high-throughput
premises

Following a farm to fork approach, ideally Campylobacter levels in birds supplied to low-
and high-throughput slaughterhouses would be compared. However, these data were not
available. Instead, an attempt was made to identify the proportion of different types of
poultry processed in the two types of slaughterhouses, specifically; conventional, organic,
free range and the types of cages and/or barns used. The literature suggests there is a
difference in Campylobacter risk for birds reared under different conditions.

Although some slaughterhouses provided these details, the information was limited and
often slaughterhouses receive a mixture of differently reared flocks. It was therefore not
possible to compile a reliable and comprehensive list to enable the comparison of birds
supplied to low-throughput slaughterhouses with birds supplied to high-throughput
slaughterhouses for the purposes of this report (uncertainty).
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With the data available, it was not possible to assess any difference in the
Campylobacter levels between broilers being sent to low and high-throughput
slaughterhouses that we can quantify in this module.

4.2 Slaughterhouse module

4.2.1Factors affecting changes in Campylobacter levels
during slaughter

At the slaughterhouse level, a number of factors have been found to affect the probability
and levels of contamination of a portion of broiler meat with Campylobacter. These
include how process steps such as scalding, washing, chilling, cutting, defeathering and
evisceration are carried out.

The recent FS307037 study indicated an increase in prevalence of contamination as well
as the level of contamination per product during slaughter (Ausvet Europe et al., 2022).

Scalding and washing:

Studies have shown that scalding can lead to a 2 log decrease in Campylobacter levels,
however some evidence suggests that Campylobacter may survive in scalding water due
to the presence of organic matter (Rasschaert et al., 2020). Other studies have shown
that kosher abattoirs often have higher levels of contamination (94%) compared to
conventional abattoirs (32%); one reason being due to the fact defeathering is carried out
using cold water, rather than scalding methods (Guirin et al., 2020).

Defeathering and evisceration:

Defeathering puts pressure on the carcase which may lead to increased defecation and
therefore possible contamination (Rasschaert et al., 2020). Evisceration may also rupture
the intestines if machinery isn’'t adjusted adequately to bird size. Batches of chickens with
<10% ruptured intestines have significantly lower levels of Campylobacter compared to
those with >10% (Rasschaert et al., 2020).

The FS307037 study found that defeathering and evisceration increased the risk of
cross-contamination of flocks which had been negative for Campylobacter, potentially
due to cross-contamination and/or contamination associated with faecal content leakage
(Ausvet Europe et al., 2022). This was consistent with much of the literature, such as
(Allen et al., 2007) and (Dogan et al., 2019) which estimated Campylobacter prevalence
at the end of the slaughterhouse process to be 60% and 30% respectively.

Chilling

Air-chilling (the only type practised for broiler carcases) has been shown to result in a
significant reduction of 0.83 log1o CFU/g (Rosenquist et al., 2006).

Other considerations

It should be noted that neck skin samples are likely to be more highly contaminated than
breast skin (Hutchison et al., 2016).
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4.2.2 Effect of controls applied at slaughterhouse level

If the proportion of samples with high Campylobacter levels exceeds 15/50 over a ten-
week period, the PHC requires interventions to be put in place to reduce this.

An FSA-funded study on “Reducing Campylobacter cross-contamination during poultry
processing” (FS9990010) looked at the practical control strategies that can be used
within slaughterhouses to reduce cross-contamination of poultry with Campylobacter
(Corry et al., 2017). This survey revealed that techniques used between different chicken
slaughterhouses were similar and that the cleaning and disinfecting methods were
effective against Campylobacter. It is noted that cleaning and disinfecting was only
possible between shifts (overnight) or at the weekend and that cross-contamination
between carcases on the line was unavoidable (Corry et al., 2017).

The rubber fingers of the plucking and evisceration equipment as well as the conveyer
belts have been found to be key contamination points even after cleaning (Rasschaert et
al., 2020). This may be due to the presence of organic matter which may protect
Campylobacter spp. or the pathogen may form biofilms with Pseudomonads for
protection (Rasschaert et al., 2020). Chillers have also been found to be a source of
cross-contamination as they are seldom empty between batches and they are very hard
to clean (Hutchison et al., 2016).

The most effective Campylobacter reduction methods were end-product treatment of the
fully processed carcases (Corry et al., 2017). Steam treatment for 15 seconds was found
to reduce levels by 1.28 log1o CFU/g on breast skin and 0.53 log1o CFU/g on neck skin.
Heat treatment with steam or hot water has been previously shown to be effective in
studies (Corry et al., 2007; James et al., 2007).

Processing of Campylobacter negative flocks after positive flocks was not found to have
a significant effect on Campylobacter levels (Corry et al., 2017).

A review of the effects of transport and slaughter on Campylobacter spp. levels found
that the use of steam-ultrasound treatment on carcases was effective (Rasschaert et al.,
2020).

4.2.3 Probability that action is taken as a result of an
exceedance

Following a farm to fork approach, we tried to gather evidence to understand the actions
being taken as a result of failing PHC requirements (having more than 15/50 samples
with high levels of Campylobacter over a 10-week period). Currently, no enforcement
actions are taken as a result of slaughterhouses failing to sample or failing the PHC
requirements (FSA, 2022). Interventions are left to the discretion of the slaughterhouse,
although it should be noted that major retailers can apply pressure on the plants to
provide poultry with low levels of Campylobacter (Antic, 2022).

21



4.2.4 Sampling from low- and high-throughput
slaughterhouses

The total throughput of UK slaughterhouses based on 2021 data is shown in Table 1,
with individual throughout data in Appendix Section 8.2. For the purposes of this
assessment, the definition of a low-throughput slaughterhouse is one that processes
7,500,000 birds a year or fewer; high-throughput slaughterhouses process more than
7,500,000 birds (FSA, 2019b). There were 38 low-throughput slaughterhouses and 22
high-throughput slaughterhouses registered in the UK, although only 34 in total have
provided Campylobacter samples (uncertainty).

Table 1: Annual throughput of poultry (units) in low and high-throughput slaughterhouses
in 2021

Low-throughput (%) High-throughput (%) | Combined
53,630,892 (5%) 965,216,124 (95%) 1,018,847,016

In order to compare low and high-throughput slaughterhouses, 50 samples from some
low-throughput slaughterhouse were taken over an approximately 10-week period from
September to December 2021 by the FSA (see Section 8.1 for a description of the
sampling and Annex 1 for the raw data) to supplement Campylobacter sampling data
provided to the FSA by FBOs. In brief, a sample consists of 26 grams from 3 pooled neck
skins obtained after slaughter and after chilling. If neck skin was not available, a swab of
the carcase was used instead. Five samples are taken at random each week from 15
birds from the same batch on a given day. While the regulation requires 50 samples to be
submitted over a 10-week period, some slaughterhouses perform and submit more
sample results to the FSA.

Seventeen slaughterhouses of each type submitted results over this 10-week period.
Data from the FSA survey contains enumeration of Campylobacter levels, while data
submitted by slaughterhouse FBOs only contains information on whether samples had
Campylobacter levels above or below 1,000 CFU/g.

The number of samples in the low-throughput slaughterhouse group was 934 across 17
slaughterhouses, as part of the FSA survey and the regular PHC reporting protocol. The
high-throughput slaughterhouses reported 1972 results across 17 slaughterhouses as
part of the regular PHC reporting protocol. Table 2 shows the percentage of samples
(neck skin only and swab) taken in both low and high-throughput slaughterhouses that
had high levels of Campylobacter.
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Table 2: Number and percentage of total samples taken in low-throughput and high-
throughput slaughterhouses that had high (>1,000 CFU/g) and low (<1,000 CFU/qg) levels
of Campylobacter over the 10-week period of study

Samples Low-throughput High-throughput
Samples above 197 (21%) 352 (18%)

1,000 CFU/g

Samples below 737 (79%) 1620 (82%)
1,000 CFU/g

Total samples 934 (100%) 1972 (100%)

4.2.4.1Campylobacter results over 10-week period - pooled

Given that slaughterhouses can be said to have “passed” or “failed” the PHC criteria, a
binomial process can be used to model the outcome of testing for both types of
slaughterhouse.

The prevalence of samples with high Campylobacter levels in low-throughput and high-
throughput slaughterhouses was modelled using a beta distribution. The modelling
confirms that, when pooled, the percentage of highly contaminated samples was not
significantly different (Figure 2). For slaughterhouses who had submitted over 60
samples for assessment, only 60 random results were assessed. This was done in order
to reduce the risk of bias from an individual plant submitting many samples in this period
and thus skewing the pooled results. The number of samples assessed were 844 for low
and 915 for high-throughput slaughterhouses. 22% of samples from low-throughput
slaughterhouses had high contamination levels compared to 22% of high-throughput
slaughterhouses.

As shown in Figure 2, the distributions of prevalence overlap quite closely, and there is
no significant difference at the 5% level between the two types of plant when the results
are pooled.
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Figure 3: Distributions for the modelled prevalence of highly contaminated samples in low
and high-throughput slaughterhouses. A maximum of 60 sample results were randomly
selected for each slaughterhouse. Results were available from 17 low and 17 high-
throughput slaughterhouses.

4.2.4.2 Enumeration of Campylobacter levels from low-throughput
slaughterhouses

Campylobacter enumeration was provided for results sampled by the FSA from low-

throughput slaughterhouses. This consisted of 501 samples — of which 161 (33%) did not

have detectable Campylobacter levels. A histogram of the log-transformed values is

shown in Figure 4 (top). Poultry with high levels of Campylobacter poses the most risk to

consumers, as it is more likely that ingestion of undercooked material will deliver a dose

large enough to cause infection.

A log-normal distribution is a good approximation for modelling the samples with
detectable Campylobacter levels seen at this type of slaughterhouse, as indicated by the

Bayesian Information Criterion (Figure 4 - bottom).
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Histogram of Campylobacter levels in low-throughput slaughterhouses

o _
[aw]
L
o
= |
[aw]
z
& o |
0o o
o
[aw]
g _
= |
[aw]
[ I I I I 1
1 2 3 4 5 6
log10 CFU/g Campylobacter
Distribution fitting to Campylobacter
sampling data from small slaughterhouses
Normal
n Lognormal
1 - Weibull
Uniform
<
D /
= /
= o0 F
c o 7 ’
L]
o
N
o
S X
o .
o
I T T T 1
2 3 1 5 6

Log10 cfu/g Campylobacter
Figure 4: Histogram of Campylobacter levels in low-throughput slaughterhouses sampled

by the FSA (top). The initial bar represents samples below the limit of detection (33% of
samples). Distribution fit for Campylobacter contamination in low-throughput
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slaughterhouses (bottom). The best fit was the lognormal distribution. The samples below

the limit of detection were removed prior to distribution fitting.

4.2.4.3Campylobacter exceedances over 10-week period

When looking at individual slaughterhouses, more than half of low and high-throughput
plants had compliant samples over the 10-week period in 2021.

The percentage of samples with high Campylobacter levels in individual low and high-
throughput slaughterhouses are reported in Figure 4. Within the low-throughput category,
5 plants out of 17 exceed the 30% level, while in the high-throughput category, 3 out of
17 exceed this level.

There is a range of exceedances across the slaughterhouses, with 4 plants (S, AA, AC
and AZ) reporting no samples above 1,000 CFU/g in the 10-week recording period whilst
others having in more than 60% of their samples exceeding Campylobacter counts of
1,000 CFU/g (plants AK and AW). AK is a low-throughput plant and AW is a high-
throughput plant.

Campylobacter exceedance in
low throughput slaughterhouses
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Campylobacter exceedance in
high throughput slaughterhouses
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Figure 5: Bar plots to show the percentage of all samples taken in low (top) and high-
throughput (bottom) slaughterhouses that exceed 1,000 CFU/g Campylobacter over 10
weeks. The red line represents the 30% “accepted level of exceedance” according to
current regulation.

4.2.4.4 Effect of slaughterhouse type — Halal and non-Halal

It was possible to identify certain slaughterhouses approved for religious slaughter which
produce Halal or Kosher products, as they require a specific certification for this
technique (Table 3). This was used to assess whether slaughterhouses of a certain type
are more or less likely to have high levels of Campylobacter.

Table 3: The number and percentages of Halal, Kosher and non-Halal/Kosher
slaughterhouses.

Slaughterhouse

Low-throughput

High-throughput

type slaughterhouses slaughterhouses
Halal 9 (24%) 9 (41%)
Kosher 1 (3%) 0 (0%)
Non-Halal/Kosher 28 (74%) 13 (59%)

Total

38 (100%)

22 (100%)
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The type of slaughterhouse (Kosher/Halal and non-Kosher/Halal) was plotted in Figure 5,
along with the percentage of samples that exceeded 1,000 CFU/g Campylobacter, to see
if there is any clustering effect due to slaughterhouse type. The data used was all
available data for slaughterhouses of both sizes — ranging from 10 weeks’ worth of
sampling to 2 years.
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Figure 6: Percentage of samples exceeding 1,000 CFU/g Campylobacter from UK
slaughterhouses.

Looking at low-throughput slaughterhouses exclusively, Halal plants had a mean
exceedance level of 30% compared to 35% in the non-Halal plants. This was not
significantly different (p=0.3886 in an unpaired, 2-way, students t-test).

4.2.5 Estimate of contaminated poultry on UK market

It is possible, from the 10-week sampling data, to estimate of the total number of
chickens originating from low and high-throughput slaughterhouses with high levels of
Campylobacter per year.

The yearly throughput of the individual slaughterhouses is given in the Appendix —
Section 8.2. All sampling data available from 2020 onwards was used to estimate the
proportion of highly contaminated carcases from individual slaughterhouses, and
multiplied with the yearly throughput to roughly estimate the contribution of each type of
slaughterhouse to highly contaminated poultry on the market.
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Low-throughput slaughterhouses processed 53,630,892 birds in 2021 compared with
965,216,124 birds in high-throughput slaughterhouses. From the data available on the
proportion of highly contaminated carcases (Section 4.2.4.1) we estimate that low-
throughput slaughterhouses contribute 12 million highly contaminated birds each year
compared to 212 million birds from high-throughput slaughterhouses. Given that the
proportion of highly contaminated carcases is roughly the same for low and high-
throughput slaughterhouses, the volume of production is the main factor influencing the
number of highly contaminated carcases on the market. This does not take into account
potential variations due to risk mitigations applied, further processing, seasonal variation,
etc. as data are not available (uncertainty).

4.2.6 Differences in the Campylobacter levels of poultry meat
leaving low-throughput and high-throughput abattoirs

As noted in the previous section, there was limited data to assess differences in the
Campylobacter levels between poultry being processed by low- and high-throughput
slaughterhouses during the individual stages of processing. Furthermore, although data
were gathered on the levels of Campylobacter contamination after slaughter but before
retail, no data were available on the actions that were taken as a result of exceeding the
target threshold. In addition, the data that were collected at low-throughput abattoirs were
collected over a limited period and may not be fully representative.

We could find no significant difference in the proportion of high levels of Campylobacter
contamination between poultry produced in low- and high-throughput slaughterhouses at
the point of testing. Given these limitations, we are not able to differentiate between two
possible explanations for this result.

The first possible explanation is that the level of contamination on birds entering both
types of plant is similar and that there are no differences in the effects of processing at
the different plant sizes. The second possible explanation is that the levels of
contamination are different upon entry, but that differences exist between the effects of
processing at each types of plant, possibly including risk management activities in
response to PHC results, and that the net effect of these two differences results in similar
overall levels of contamination. The first scenario may be more likely as on-farm factors
were found to be more important at influencing levels of Campylobacter spp. in neck
skins than slaughterhouse factors (Hutchison et al., 2016). Therefore, it’s less likely that
activities in a slaughterhouse have as much of an effect on Campylobacter levels as the
on-farm factors.

Differentiating between these scenarios is not possible with the data that are currently
available, but might become possible if additional evidence was gathered on the
prevalence of Campylobacter in birds arriving at plants before slaughter or on the type
and timing of interventions implemented at individual plants.
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4.3 Retail module

4.3.1Factors and controls affecting Campylobacter levels at
retail

This module explores the effect of retail processing and storage on levels of
Campylobacter in poultry.

Processing of poultry after slaughter can affect the levels of Campylobacter on the meat.
Temperature is one such key factor, with refrigeration, and freezing especially, leading to
a decrease in pathogen levels. Campylobacter spp. are highly sensitive to freezing
temperatures, which is a well-known mitigation measure for chicken contaminated with
the pathogen applied in countries such as Iceland (Tustin et al., 2011), Norway and
Denmark (Nastasijevic et al., 2020). At refrigeration temperatures, a slower decrease in
pathogen levels over time can be seen (ACMSF, 2019). Additional reduction can be seen
in Campylobacter levels on chicken stored in oxygen-containing gas mixtures (Boysen,
Kngchel and Rosenquist, 2007) — modified atmosphere packaged raw poultry at retail
often includes oxygen.

It is extremely unlikely for Campylobacter to grow on processed raw poultry as its
optimum growth range is around 40°C (Davis and DiRita, 2008).

4.3.2 Consumer supply chain

Once poultry has been slaughtered, it can be sold to retailers who supply raw chicken
directly to consumers, or FBOs who cook the chicken before supplying it to consumers
(either in ready meals or restaurants, or other catering), or it is frozen or exported.

Following slaughter, it was not possible to find information on who the poultry from low
and high-throughput slaughterhouses is supplied to (uncertainty). The websites of low-
throughput slaughterhouses suggest that they are suppliers of a premium product that is
primarily used by local restaurants and butchers. However, there are no quantitative data
available to support this statement, and it is unclear if this is true for all low-throughput
slaughterhouses. This distinction could affect the risk — for example, chicken in ready-
meals is less likely to cause campylobacteriosis due to being cooked at the
manufacturer’'s and cooked while sealed at the consumer’s, compared to raw chicken
purchased by consumers. Freezing chicken will also decrease the risk as it significantly
affects Campylobacter levels.

There may also be a difference in the level of processing carried out between low and
high-throughput slaughterhouses, in terms of selling whole chickens compared to cuts
such as breasts, thighs etc. The additional processing steps involved in selling cuts of
meat could also affect the Campylobacter levels due to cross contamination. Again,
insufficient information was available on processing practices of specific slaughterhouses
to be able to quantify this risk (uncertainty).



4.3.3 Predicted decrease at retail

In this section, the focus is on Campylobacter sampling data from raw chicken sold at
retailers, to understand how levels of the pathogen change at this step of the exposure
pathway. Laboratory-based experiments are first used to predict the effects of
refrigeration before comparing these with observed Campylobacter enumeration in retail
chicken.

ComBase is a database and predictive microbiological model (Baranyi and Tamplin,
2004). Plots of ComBase data were generated to visualise the reduction in
Campylobacter levels of raw chicken held at refrigeration temperatures within its shelf-life
by retailers and UK consumers. A variety of temperatures were investigated — this is
based on the fact that domestic refrigerators in the UK run at higher than the
recommended temperature of between 1 and 5°C (Evans and Redmond, 2016) (Biglia et
al., 2018).

ComBase data on Campylobacter levels in chicken broiler breast and chicken broth
across different temperatures (4°C and 12°C) and (4°C, 5°C, 10°C, and 15°C) were used
to estimate log1o CFU/g changes over time. Campylobacter levels in chicken broiler
breast decreased by around 1 logi, CFU/g after 12 hours at 4°C (Figure 7). In
comparison, Campylobacter levels tend to decrease by 1 log:, CFU/g after 6-hour
storage at 12°C (Figure 7). Storage at 12°C effectively decreased Campylobacter
presence on the chicken broiler breast by 2 log CFU/g after 15 hours.

Experiments in chicken broth produced more variable results (Figure 8). A similar trend of
more Campylobacter death was observed as the temperature increased. Campylobacter
levels also took longer to decrease by 1 logi, CFU/g in chicken broth - around 50 hours of
storage at 4, 5, 10 and 12°C (Figure 8). Naturally, the decrease observed in chicken
breast is taken to be more representative of the real-life scenario at retail.
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Figure 7: Change in Campylobacter levels in chicken broiler breast at 4°C (A) and 12°C
(B) over time. Data from ComBase (Baranyi and Tamplin, 2004). Different coloured lines

refer to different samples.
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Figure 8: Change in Campylobacter levels in chicken broth at 4°C (A), 5°C (B), 10°C (C)
and 15°C (D) over time. Data from ComBase (Baranyi and Tamplin, 2004). Different
coloured lines refer to different samples.

4.3.4 Sampling results at large and small retailers

The FSA and major retailers carry out surveys of Campylobacter levels on chicken at
retail. There were no data available on whether poultry from low-throughput
slaughterhouses is more likely to be sold at large or small retailers (uncertainty). The
difference in Campylobacter levels found at large and small retailers is discussed
nevertheless, in case such information becomes available in future.

Surveys of whole chicken at retail found that a higher proportion of samples from small
retailers had high levels of Campylobacter compared to those from large retailers, but did
not find a cause of these differences (PHE, 2021). The difference could not be explained
by remaining shelf-life, chicken weights, time of year sampled or type of chicken rearing
(free-range, organic, etc).

Data from years 4, 5 and 6 of the “Microbiological survey of Campylobacter
contamination in fresh whole UK-produced chilled chickens at retail sale” (FSA-funded
project FS102121), was used to model the levels of Campylobacter found on Halal and
non-Halal retail chickens at large retailers (year 4) and small retailers (years 4, 5 and 6).
There were not enough data points for Kosher retailers to be included in this analysis.

The results, including the percentage that fall in the undetectable and high
Campylobacter categories, are in Table 4 below. There are similar proportions of highly
contaminated samples from Halal and non-Halal chicken. As noted by PHE, large
retailers have a smaller proportion of highly contaminated chicken samples than small
retailers (5% vs 12%). Large retailers also have more samples with undetectable levels
of Campylobacter compared to small retailers (48% vs 39%).

Table 4: Number of results below the limit of detection, or >1,000 CFU/g Campylobacter
in large and small retailers, broken down into Halal and non-Halal categories

Retailer Below limit of >1,000 CFU/g Number of total
detection Campylobacter results

Small, Halal 275 (43%) 84 (13%) 641

Small, Non-Halal 1225 (38%) 383 (12%) 3200

Small (all) 1500 (39%) 467 (12%) 3841

Large, Halal 8 (35%) 4 (17%) 23

Large, Non-Halal 447 (48%) 46 (5%) 932
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Large (all) 455 (48%) 50 (5%) 955

Halal (all) 283 (43%) 88 (13%) 664

Non-Halal (all) 1672 (40%) 429 (10%) 4132

Figure 8 and Figure 9 show the distribution of the levels of Campylobacter in raw whole
chicken from large, and small retailers, and by Halal and non-Halal categories. A
lognormal distribution was chosen as best fitting (compared to uniform, normal and
Weibull fits), given the AIC/BIC scores. Due to the heavy skew of the raw data, it was log-
transformed before distribution fitting.
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Figure 9: Campylobacter levels in whole chicken from large and small retailers. The best
fitting distribution for the data is the lognormal. Samples with undetectable
Campylobacter levels are not included.
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Figure 10: Campylobacter levels at retail in Halal and non-Halal whole chicken. The best
fitting distribution for the data is the lognormal. Samples with undetectable
Campylobacter levels are not included.

Of the chicken that had detectable levels of Campylobacter, it was noticeable that retail
chicken had lower levels compared to those measured after slaughter (Figure 10). This is
presumably due to the influence of cold storage, as predicted by the ComBase data
presented in the previous section (Section 4.3.3). The percentage of samples that did not
have detectable levels of Campylobacter also increased at retail, from 33% (low-
throughput slaughterhouses) to 39% (small retailers) and 48% (large retailers).
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Figure 11: Fitted log normal distributions for Campylobacter levels sampled at low-
throughput slaughterhouses, small retailers and large retailers. Chicken sampled at retail
level had lower levels of contamination than at the slaughterhouse.

4.3.5 Differences in the Campylobacter levels of products at
retail originating from low-throughput and high-
throughput abattoirs

Campylobacter levels in chicken decrease following slaughter, as measured at retail and
evidenced by experimental studies, likely due to the pathogen’s sensitivity to refrigeration
temperatures.

The proportion of highly contaminated samples at retail is similar in Halal and non-Halal
chicken. Large retailers had a smaller proportion of highly contaminated chicken samples
(5%) compared to small retailers (12%).

No information was found on the proportions of poultry meat from low- and high-
throughput slaughterhouses used in different sectors (e.g. catering, large and small
retailers, ready-meals etc).

Therefore, although the available data indicate a difference in the proportion of chickens
with high levels of Campylobacter contamination sold at major versus non-major retailers,
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in the absence of information on the relative volumes of chicken sold through each of
these types of retailer that originated from low-throughput versus high-throughput
abattoirs, it was not possible to assess whether a difference in risk exists.

4.4 Consumer module

4.4 1Factors affecting Campylobacter levels due to consumer
behaviour

Poultry with high levels of Campylobacter will pose the highest risk of campylobacteriosis
for consumers. Thorough cooking will eliminate the pathogen, however, cross-
contamination of kitchen surfaces and ready-to-eat foods may also cause illness. Certain
behaviours such as freezing poultry and washing raw chicken will affect the risk.

While data for the UK were not available, a quantitative risk assessment for antimicrobial
resistant Salmonella in poultry estimated that 50% of Canadian consumers freeze their
chicken (Collineau et al., 2020). A UK study found that, 67% of consumers were
observed to wash their hands with soap immediately after handling raw chicken (Didier et
al., 2021).

According to a behavioural study in the US, 45% of participants washed raw chicken (a
potential source of cross-contamination), and in 17% of cases, the internal temperature
of the chicken dish was less than 70°C. Oven cooking was found to result in the lowest
proportion of undercooking of chicken, compared to grilling, frying and boiling on top of
the stove (Bruhn, 2014).

4.4.2 Differences in Campylobacter levels at consumption

Chicken is the foremost cause of campylobacteriosis in the UK (Oxford University, 2021).
It should be noted that these cases of iliness linked with chicken are not necessarily
direct cases through consumption of chicken, and could be due to cross-contamination or
other sources of exposure. In this report, we assume that all cases of campylobacteriosis
linked with chicken are caused by chickens that are slaughtered in the UK, not including
imports. We also do not have information on whether chicken from low-throughput
slaughterhouses reaches a different subpopulation of consumers, who are likely to treat it
differently (uncertainty).

To determine the number of cases that can be directly attributed to chicken, we have
used the recently completed surveillance and source attribution research (Oxford
University, 2021). This identified that 90% of Campylobacter cases are caused by C.
Jejuni, with 70% able to be linked to chicken as the source. The remaining 10% of
Campylobacter cases are predominantly caused by C. coli, around 50% of which are
associated with chicken.

Using this, and the total number of campylobacteriosis cases from the 2018 burden of
Foodborne Disease (Holland and Mahmoudzadeh, 2020), we can estimate the number of
Campylobacter infections linked to chicken as the source (Table 5). This was done by
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estimating the total number of Campylobacter cases linked to chicken from the frequency
of C. jejuni and C. coli attribution, and then attributing the number of campylobacteriosis
cases to low and high-throughput slaughterhouses by their proportional market share.

This estimate assumes that all cases of campylobacteriosis linked with chicken are
caused by chickens slaughtered in the UK, as we don’t have sufficient evidence on the
rates of contamination of fresh imported chicken or the levels in frozen chicken when it
reaches the consumer.

Table 5: The total number of Campylobacter cases in 2018, and an estimate of the
number that can be attributed to chicken.

Median number of

Lower 95 CI Upper 95% CI
cases

2018
Campylobacter 299,392 127,128 571,332
cases

C. jejuni cases
attributable to 188,616 80,090 35,993
chicken

Cases from other
species of

Campylobacter 14,969 6,356 28,566

attributable to
chicken

Total
Campylobacter
cases attributable to
chicken

203,586 86,447 388,505

Campylobacter
cases attributable to
low-throughput
slaughterhouses

10,771 4,573 20,554

Campylobacter
cases attributable to
high-throughput
slaughterhouses

192,815 81,873 367,951
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4.4.3 Differences in the Campylobacter levels of products in
the home

Because we were unable to find any information on differences in the products
manufactured with chicken from low- versus high-throughput abattoirs, or in the volume
of chicken products sold through different types of retail outlets, it was not possible to
assess whether consumer behaviours will differentially affect the probability of exposure
to Campylobacter via poultry produced in low and high-throughput slaughterhouses.
Assuming all else being equal, the yearly throughput has the only impact on risk at a
population level.
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5 Risk characterisation

This risk assessment was commissioned to understand the differences in risk from
Campylobacter contamination/cross-contamination in slaughterhouses with a low-
throughput compared to slaughterhouses with a large throughput and to determine the
subsequent risk to human health and the UK population.

The Campylobacter Process Hygiene Criteria were introduced based on the results of a
quantitative risk assessment model (Vose Consulting (US) LLC, 2011) that ranked
several interventions based on their efficacy for Campylobacter reduction (Retained
Commission Regulation (EU) 2017/1495). The EFSA opinion stated that “Theoretically, a
public health risk reduction > 50% or > 90% at the EU level could be achieved if all
batches that are sold as fresh meat would comply with microbiological criteria with a
critical limit of 1000 or 500 CFU/gram of neck and breast skin, respectively” (EFSA Panel
on Biological Hazards (BIOHAZ), 2011). Other control options throughout the poultry
meat chain are given in Table 2 in Nastasijevic et al., 2020.

The risk pathway for Campylobacter in poultry can be broken down into different stages
of the farm to fork process: production (farm), processing (slaughterhouse), post-
processing (retail), and home preparation (consumer), where the pathogen levels can
increase/decrease.

With regards to the farm module, data from slaughterhouses in relation to different types
of poultry processed in slaughterhouses such as conventional, organic, free range, type
of cages etc. were limited (uncertainty). Therefore, it was not possible to assess this in
this risk assessment.

With regards to Campylobacter levels in slaughterhouses, the literature suggests
defeathering and evisceration processes increase the risk of contamination. Controls
usually implemented during poultry slaughter to reduce carcase contamination include
cleaning and disinfecting equipment such as evisceration machines in addition to the
processes of scalding, stream treatment and chilling.

Campylobacter samples were available from 17 low-throughput and 17 high-throughput
abattoirs over a 10-week period. Overall, there was no significant difference in the
number of highly contaminated samples from low (22%) and high (22%) throughput
slaughterhouses after standardisation for number of samples. Enumeration data were
available for some low-throughput plants, but high-throughput plants only provide the
number of samples above and below 1,000 CFU/g. No data were provided by 26
slaughterhouses.

In terms of individual slaughterhouses and their Campylobacter levels over a 10-week
period, the low and high-throughput plants performed in similar ways. Low-throughput
slaughterhouses had 5 plants out of 17 with high exceedance levels according to
legislation while high-throughput plants had 3 out of 17 exceeding this level. One low-
throughput and one high-throughput slaughterhouse had slightly above 60% of their
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samples exceeding 1,000 CFU/g — the legislation states that this should be no more than
30% or 15 out of 50 samples.

There was also no significant difference between proportions of samples with high levels
of Campylobacter from slaughterhouses classed as Halal (30%) and non-Halal (35%)
plants.

Most importantly, we were not able to determine whether an exceedance results in
mitigative action and specifically what action (uncertainty), whether on-farm or at the
abattoir. Therefore, we could not estimate the likely effect of mitigations on
Campylobacter levels (uncertainty).

Information was not readily available on the onward distribution of chicken from low and
high-throughput slaughterhouses (uncertainty). This distinction could affect the risk — for
example, chicken in ready-meals is less likely to cause campylobacteriosis due to being
cooked at the manufacturer’s and cooked while sealed at the consumer’s, compared to
raw chicken purchased by consumers.

Other surveys of whole chicken at retail found that there was a difference in the
proportion of samples with high levels of Campylobacter from small and large retailers
but did not find a cause of these differences. However, we were unable to obtain
information on the proportion of chicken sold at small and large retailers originating from
low-throughput and high-throughput abattoirs. In general, the cold storage chain for fresh
retail chicken results in a decrease in Campylobacter levels, estimated to be at least 1
log1o CFU/g.

Whole chicken at small retailers is significantly more likely to have high levels of
Campylobacter contamination, compared to that sampled at large retailers. However, we
do not have information on whether small retailers are more likely to be supplied by low
or high-throughput slaughterhouses (uncertainty).

This risk assessment has only considered chicken slaughtered in the UK as imported
chicken is out of scope.

Consumers may be exposed to Campylobacter directly through poultry but also through
cross-contamination from other sources of exposure e.g. from cooking surfaces.
Campylobacter are able to persist both in the environment and in contaminated foods,
despite being highly sensitive to atmospheric oxygen concentrations. Washing raw
chicken is a key contributor to cross-contamination in domestic settings. Heat treatment
which results in a temperature of 70°C for 2 minutes (or equivalent) throughout the part of
the product that is slowest to heat would be sufficient to eliminate Campylobacter spp.
from the product.

Using data on yearly campylobacteriosis cases (Holland and Mahmoudzadeh, 2020) and
the proportion of campylobacteriosis cases attributable to chicken (Oxford University,
2021), we have estimated that 204,000 Campylobacter cases come from chicken, with
11,000 attributed to low-throughput slaughterhouses and 193,000 attributed to high-
throughput slaughterhouses.

This strategic risk assessment concluded that given that the proportion of highly
contaminated chickens was not significantly different between low and high-throughput
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slaughterhouses, and under the assumption that the downstream of the slaughterhouses,
everything was the same, there is no difference in risk per portion of chicken from each
type of slaughterhouse.

One important point to note is that because the proportion of slaughterhouses with high
levels of exceedance was not significantly different, the throughput is the main
influencing factor when determining the risk to human health and the UK population. We
estimated that a total of 9 million highly contaminated birds from small slaughterhouses
went to retail each year compared to 168 million from large slaughterhouses. Therefore,
Campylobacter cases are much more likely to be linked to chicken produced in large
slaughterhouses.

5.1 Risk estimate

Based on suggestions in the ACMSF work on multidimensional representation of risks
(ACMSF, 2020), the frequency of occurrence of campylobacteriosis in the UK
population from chicken produced in low-throughput slaughterhouses is medium and
for high-throughput slaughterhouses is high (see Table 6 for interpretation of the
qualitative categories). The uncertainty associated with this probability is medium (see
Table 7 for interpretation of the qualitative categories). The risk assessment concludes
that the severity of Campylobacter infection is low (see Table 8 for interpretation of the
qualitative categories) with low uncertainty.

On a per-portion basis, the frequency of campylobacteriosis from chicken produced in
low-throughput slaughterhouses is the same as for high-throughput slaughterhouses.

A number of uncertainties and evidence gaps were identified during this risk assessment.
We had no information as to the method in which the poultry were reared prior to arriving
at the slaughterhouse and are aware that evidence suggests that this can directly affect
Campylobacter levels at slaughter. There was no information available as to the onward
processing of meat handled by slaughterhouses, we therefore assumed that low and
high-throughput slaughterhouses contribute equally to retail and hospitality etc.

In order to reduce the Campylobacter load on poultry, interventions at the farm and
slaughterhouse level in the UK could be assessed for their efficacy to find the methods
with the biggest impact. A simpler study could involve gathering information from
slaughterhouses with consistently low levels of Campylobacter and sharing their methods
as good practice.

Table 6: definition of qualitative categories for probability of occurrence

Frequency category Interpretation

Negligible So rare that it does not merit to be considered
Very Low Very rare but cannot be excluded

Low Rare but does occur
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Occurs regularly
Occurs very often

Events occur almost certainly

Table 7: definitions of qualitative categories for expressing uncertainty

Uncertainty category

Interpretation

There are solid and complete data available;
strong evidence is provided in multiple references;
authors report similar conclusions

There are some but no complete data available;
evidence is provided in small number of
references; authors report conclusions that vary
from one another

There are scarce or no data; evidence is not
provided in references but rather in unpublished
reports or based on observations, or personal
communication; authors report conclusions that
vary considerably between them

Table 8: definitions of qualitative categories for severity of consequence

Severity category

Negligible

Interpretation

No effects, or so mild they do not merit to be
considered

Mild iliness: not usually life-threatening, usually no
sequelae, normally of short duration, symptoms
are self-limiting (e.g., transient diarrhoea)

Moderate illness: incapacitating but not usually life-
threatening, sequelae rare, moderate duration
(e.g., diarrhoea requiring hospitalisation)

Severe illness: causing life-threatening or
substantial sequelae or iliness of long duration
(e.g., chronic hepatitis)
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5.2 Sampling effect on risk

Part of the scope of this risk assessment is to examine how sampling frequency in low-
throughput abattoirs affects the risk, in particular, these four sampling scenarios:

a) Sampling on a weekly basis as per current regulation

b) Not sampling/testing to ascertain compliance with the PHC
c) Sampling every other week

d) Sampling at a rate of once every 4 weeks

Currently, some low-throughput abattoirs submit PHC samples to the FSA and some do
not, or do so infrequently.

Regarding the effect of the different proposed sampling scenarios on risk: sampling, in
itself, does not directly impact public health unless it triggers control measures that are
effective at reducing the frequency or level of Campylobacter contamination. After
exceedance of the target threshold there are recommendations for voluntary actions that,
in certain combinations, have been found effective, although that effectiveness varies
depending on plant-specific factors and their interaction. Given the data gaps that
currently exist concerning the probability of voluntary action in the event of exceedance,
the types of actions taken either at slaughter or on-farm, and their effectiveness, it is not
possible to estimate the reduction in risk such voluntary measures currently produce.

If no testing is undertaken at low-throughput abattoirs the probability of taking voluntary
actions as a result of exceedance is automatically zero, although actions may be taken
for other reasons. Some low-throughout abattoirs are not testing, therefore the
opportunity is lost for any additional measures to be taken. Removing a sampling
requirement that is not currently adhered to will not change the risk to public health. Lack
of enforcement of mitigations upon failing to comply with the 30% exceedance rate would
also mean there is no change in the level of risk.

Taking the same number of samples over a longer period of time (options ¢ and d) would
still have some value, as they will still enable identification of high Campylobacter
contamination. However, as shown below it is likely to result in substantial differences in
the classification of the plants at given points in time, both suggesting that no issue exists
when sampling at a normal frequency would suggest an issue exists, as well as the
opposite, and delaying the identification of issues.

It is possible to illustrate what results a reduced sampling scheme would have produced,
using sampling data from plants that have failed the PHC criteria at some point (Figure
12). For instance, if half the weeks of sampling were to be removed from the original
dataset, it would not have been possible to detect 4/14 (29%) of plants that had initially
failed to meet the PHC target at some point (second column in Figure 13, Figure 14,
Figure 15, Figure 16) at all. If three quarters of the weeks of sampling are removed from
the original dataset, it would not have been possible to detect 6/14 (43%) of plants that
had initially failed to meet the PHC target at some point (third column in Figure 13, Figure
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14, Figure 15, Figure 16) at all. This also assumes that there would be no effect of
sampling frequency on behaviours in the plant, i.e. that there is no possibility that
awareness of less frequent sampling might lead to reduced standards during processing.

It is still possible to detect slaughterhouses that consistently fail, under reduced sampling,
such as plants Y, AK, AL, and AW, . It is also possible for a slaughterhouse to perform
worse (i.e. have a high proportion of samples over 1,000 CFU/g) with a reduced sampling
scheme — see plant AK in Figure 13.

Since the rolling average calculation will only be made once every four weeks rather than
every week, it would also take longer for issues of high Campylobacter levels to be
detected.

In conclusion, because of a lack of consistency in the application of sampling
requirements in low-throughput slaughterhouses and a lack of information on the
probability and nature of corrective actions taken in the event of an exceedance, it is not
possible to differentiate the effect on per-portion risk of changes to current sampling
requirements. However, due to the small proportion of total poultry meat consumed in the
UK that is produced at low-throughput slaughterhouses, changes to the official
requirements for sampling at low-throughput slaughterhouses are unlikely to result in a
large change in the total number of cases of campylobacteriosis in the UK population.
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Figure 12: Slaughterhouses that at some point failed to meet the PHC target during a 10-week rolling average over 2020-2022. The x
axis states the first week of the rolling window, with week 1 of 2020 counting as week 1, week 1 of 2021 counting as week 53 and so
on.
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Figure 13: Modelling reduced sampling in slaughterhouses. The first column shows the proportion of samples with high levels of Campylobacter at different
slaughterhouses that failed the PHC criteria at some point. The effect of reducing the number of samples collected by half is shown in the second column and
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Figure 14: Modelling reduced sampling in slaughterhouses. The first column shows the proportion of samples with high levels of Campylobacter at different
slaughterhouses that failed the PHC criteria at some point. The effect of reducing the number of samples collected by half is shown in the second column and

three-quarters reduction in the third column. The x axis states the first week of the rolling window, with week 1 of 2020 counting as week 1, week 1 of 2021
counting as week 53 and so on.
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Figure 15: Modelling reduced sampling in slaughterhouses. The first column shows the proportion of samples with high levels of Campylobacter at different
slaughterhouses that failed the PHC criteria at some point. The effect of reducing the number of samples collected by half is shown in the second column and
three-quarters reduction in the third column. The x axis states the first week of the rolling window, with week 1 of 2020 counting as week 1, week 1 of 2021
counting as week 53 and so on.
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Figure 16: Modelling reduced sampling in slaughterhouses. The first column shows the proportion of samples with high levels of
Campylobacter at different slaughterhouses that failed the PHC criteria at some point. The effect of reducing the number of samples
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5.3 Uncertainties and assumptions

The following are key uncertainties or data gaps in order of importance:

e Differences in onward processing and supply of carcases provided by low and
high-throughput slaughterhouses to other businesses

e Differences in the rearing of poultry provided to low and high-throughput

slaughterhouses

e The distribution of Campylobacter enumeration levels in high-throughput

slaughterhouses

e The amount of poultry imported into the UK for UK consumption and exported by

low and high-throughput slaughterhouses

e Campylobacter levels at the 5 high and 21 low-throughput slaughterhouses where
no results were available
The following are assumptions made in this report:

e There is no difference in the poultry that is supplied to low- and high-throughput

slaughterhouses

e Carcases from low and high-throughput slaughterhouses are provided in similar
proportions to retail, caterers, exporters etc.

e The distribution of detectable Campylobacter levels in high-throughput
slaughterhouses is similar to that of low-throughput slaughterhouses

e There is no difference in the population of consumers eating chicken from high

and low-throughput slaughterhouses

e That the proportion of the total domestic consumption of poultry meat originating

from low-throughput slaughterhouses does not change

Data gaps
e This report focuses predominantly on chicken as being most consumed — but the

abattoirs in question also process turkey broilers.

5.4 Recommendations for future research

The most important evidence gap for reducing uncertainty in this assessment is gaining a
better understanding of the probability that action is taken, and the nature of the action(s)



taken, in response to exceedance, as well as their effectiveness. This will likely be
achieved by a survey of the FBOs, official veterinarians and meat hygiene inspectors
working at the premises.

It would also be useful to understand the differences in prevalence and levels of
Campylobacter on poultry entering the slaughterhouse. This could be potentially
achieved by combining information on the types of farms supplying each category of
slaughterhouses, the farm management practices in use on each and information on the
levels of Campylobacter on farm, or by additional microbiological sampling of chickens at
entry into the slaughterhouse.

It would be useful to understand what products the outputs of each plant type are used
for e.g. chicken portions, whole chickens, retail, catering, etc. as well as how effectively
each of these products are cooked; for example, meat thermometers are more likely to
be used during commercial cooking steps. This would be achieved with an FBO survey.
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7 Appendix

7.1 Sampling methods

Sampling results are provided in Annex I.

7.1.1FSA survey

In order to answer the risk question, a survey of Campylobacter spp. in low-throughput
poultry slaughterhouses that had not provided sampling results was set up. Sampling
from the low-throughput slaughterhouses followed the Process Hygiene Criteria so as to
ma