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Background: Campylobacter jejuni is the leading bacterial food-borne pathogen within the European Union

(EU), and poultry meat is the primary route for transmission to humans.

Material and methods: This study examined the impact of partial depopulation (thinning), season, and farm

performance (economic, hygiene, and biosecurity) on Campylobacter prevalence in Irish broilers over a

13-month period. Ten caecal samples were taken per flock, for a total of 211 flocks from 23 farms during the

duration of the study. Campylobacter was isolated and enumerated according to modified published ISO

methods for veterinary samples. Biosecurity was evaluated through a questionnaire based on risk factors for

Campylobacter identified in previous studies. Hygiene compliance was assessed from audit records taken over

the course of 1 year. All information relating to biosecurity and hygiene was obtained directly from the

processing company. This was done to ensure farmers were unaware they were being monitored for

Campylobacter prevalence and prevent changes to their behaviour.

Results and discussion: Farms with high performance were found to have significantly lower Campylobacter

prevalence at first depopulation compared with low-performance farms across all seasons (P50.01). Peak

Campylobacter levels were observed during the summer season at first thin in both the high- and low-

performance groups. Campylobacter prevalence was found to increase to ]85% in both high- and low-

performance farms across all seasons at final depopulation, suggesting that Campylobacter was introduced

during the first depopulation. On low-performance farms, four biosecurity interventions were found to

significantly reduce the odds of a flock being Campylobacter positive (physical step-over barrier OR�0.17,

house-specific footwear OR�0.13, absence of water body within 0.5 km OR�0.13, two or more broiler

houses on a farm OR�0.16), compared with farms without these interventions. For high-performance farms,

no single biosecurity intervention was identified as significant as this group had full compliance with multiple

factors. High-performance farms had significantly better feed conversion ratios compared with low-

performance farms (1.61 v 1.67 (P50.01)). No differences in flock mortality rates were observed

(P]0.05). This highlights the impact of season, biosecurity, partial depopulation, and farm performance

on Campylobacter prevalence in Irish broilers.
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T
here are approximately 9.4 million cases of campy-

lobacteriosis per annum within the European Union

(EU) causing an estimated 0.35 million quality

adjusted life years (QALYs) and costing t2.4 billion each

year (1). In 2014, the European Food Safety Authority

(EFSA) and European Centre for Disease Control (ECDC)

reported 236,851 confirmed human campylobacteriosis

cases within the EU. Campylobacter was the most com-

monly detected bacterial food-borne pathogen in humans

with the primary source being broiler meat (2). Irish broiler
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batches and carcasses had the fourth and second highest

prevalences of Campylobacter contamination, respectively,

within the EU (3, 4). This is of particular concern as, in

2014, the farm gate value of the Irish broiler industry was

approximately t133 million (5). Given the high levels of

Campylobacter contamination reported on Irish poultry

carcasses, there is a need for integrated interventions in

the poultry production chain to reduce the public health

risk (6).

Previous studies have demonstrated that strictly adher-

ing to on-farm biosecurity practices can reduce Campy-

lobacter prevalence by up to 50% at first slaughter (7�9).

However, Katsma et al. (8) have suggested that it is difficult

to identify specific control measures that consistently

reduce Campylobacter prevalence, making it difficult to

recommend the specific investments needed. Denmark had

the lowest Campylobacter prevalence in broiler flocks

(11%) in the EU in 2013, which it controls with a strict

on-farm biosecurity and hygiene programme (2). Previous

research has shown interventions at farm level, such as fly

screens, house-specific boots/clothing, physical step-over

barriers, and regular reminders to farmers to focus on

biosecurity, can reduce on-farm Campylobacter prevalence

(7, 9, 10). Another potential impediment to Campylobacter

control on Irish broiler farms is the common practice of

partial depopulation or ‘thinning’. It has been suggested

that difficulties in maintaining biosecurity during thinning

may allow for Campylobacter introduction (11�15).

The objectives of this study were to compare: 1)

biosecurity measures on broiler farms within an integrated

broiler processing company in the Republic of Ireland,

2) the differences in Campylobacter prevalence between

farms with high hygiene and economic performance versus

farms with low performance, and 3) the differences in

Campylobacter prevalence between flocks at first and final

thin.

Materials and methods

Farm selection

Growing farms, contracted to a large integrated broiler

processor in the Republic of Ireland, were considered for

inclusion in the study. The economic performance of each

farm was assessed based on the gross income per thousand

birds for 2013�2014. Farms in the top and bottom 10%

(n�129) of economic performers were then evaluated

for hygiene performance. Farm hygiene audit records for

2013�2014 (January�January) from all of the selected

farms were analysed in order to identify farms with the

highest and lowest levels of compliance with hygiene

and disinfection practices. Twelve farms, which had full

compliance with hygiene audits over the previous year

and were in the top 10% of economic performers, were

selected for inclusion in this study and classified as ‘high-

performance’ farms. Twelve farms that had at least one

hygiene non-compliance in at least three broiler cycles over

the course of the previous 12 months and were in the

bottom 10% of economic performers were also selected and

classified as ‘low-performance’ farms. One of these low-

performance farms subsequently withdrew from the study.

Biosecurity assessment

Each farm was assessed for compliance with 22 recognised

biosecurity criteria by completion of a questionnaire by

farm auditors employed by the processor. Multiple factors,

such as the presence or absence of step-over barriers,

concrete aprons at the front of houses, the use of house-

specific footwear, and proximity to other livestock, were

assessed in the questionnaire (7, 9, 10, 16, 17) (Table 1).

Based on this assessment, each farm was awarded an

overall biosecurity score ranging from 0 (no compliance

with any biosecurity criteria) to 22 (compliance with all

biosecurity criteria), and a total biosecurity score for each

performance group was calculated.

All audit and questionnaire information to evaluate

farm compliance/structural biosecurity was sourced di-

rectly from the processing company and caeca were

collected directly from the slaughter plant. This minimised

the risk of farmers consciously changing management

practices that could have introduced bias into the study.

Campylobacter isolation and enumeration

In total, 123 flocks at first thin (bird age 33�35 days) and

88 flocks at final thin (age 41�42 days) were monitored

over the course of 13 months from May 2014 to May

2015. Ten caecal samples were collected immediately after

slaughter from birds in each flock. A 1 g sample of caecal

contents was aseptically removed from each of the 10

birds per batch and was serially diluted and plated onto

modified charcoal deoxycholate agar (mCCDA) (Oxoid,

Hampshire, United Kingdom), according to a previously

published protocol for caecal samples and based on the

ISO enumeration method (13). Plates were then incu-

bated microaerobically (5�10% O2; 10% CO2) for 48

hours at 378C, colonies counted, and the log values

calculated. Isolates were confirmed as Campylobacter and

speciated using a previously published PCR method (18).

Mean Campylobacter concentrations and within-flock

prevalence were calculated based on 10 caecal samples

per flock.

Evaluation of flock performance indicators (feed

conversion ratio and percentage of bird mortality)
Data records containing feed conversion ratios (FCR),

the percentage of bird mortality, and economic perfor-

mance (gross income per thousand birds) were collected

from the processing plant for the last six flocks raised on

each selected farm over the course of 1 year.
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Temperature

All farms were within 50 km of an Irish Meteorological

Service weather monitoring station. The data for mean

maximum and minimum recorded temperatures were

obtained from this station for each month of the

sampling period.

Statistical analysis

Campylobacter prevalence was calculated for each day

in the high- and low-performance groups using the

equation:

[(total number positive samples from all farms in each

group}total numbers of samples from all farms in each

group)�(100) per day].

Wald 95% confidence intervals (95% CIs) were con-

structed for Campylobacter prevalence and mean

Campylobacter concentrations. Campylobacter prevalence

was calculated on a daily basis for both high- and

low-performance groups at both their first and final

slaughter points. A Mann-Whitney (MW) (19) test was

then performed to compare Campylobacter prevalences

between: 1) high- versus low-performance farms at first

thin, 2) high- versus low-performance farms at final thin,

3) first versus final thin in high-performance farms and 4)

first versus final thin in low-performance farms. The MW

test was also used to compare total biosecurity scores

between high- and low-performance farms. The MW U

(MWU-statistic) was used to determine the probability

Table 1. Odds ratios and 95% confidence intervals (CIs) for Campylobacter positivity on farms with and without specific biosecurity

criteria at first thin

Criteria

High-performance

farms odds ratio

(95% CI)

Number of

high-performance

farms with factor/

without factor

Low-

performance

farms odds ratio

(95% CI)

Number of

low-performance

farms with factor/

without factor

Biosecurity signage on farm fc 12/0 fc 11/0

Defined concrete pathways 0.66 (0.25�1.76) 6/6 1.55 (0.49�4.87) 5/6

Physical step-over barrier 0.27 (0.06�1.19) 10/2 0.17 (0.04�0.66)a 2/9

Concrete apron fc 12/0 2.00 (0.64�6.23) 6/5

Disinfectant foot dip on farm fc 12/0 fc 10/1

Hygiene facilities in good working condition fc 12/0 fc 10/1

House-specific tools for maintenance 0.83 (0.25�2.82) 3/9 2.30 (0.73�7.25) 7/4

House-specific footwear fc 12/0 0.13 (0.03�0.46)a 5/6

House-specific disposable clothing 0.63 (0.08�4.72) 11/1 2.04 (0.66�6.30) 6/5

Vermin-proof bins to store dead birds 1.33 (0.3�5.85) 10/2 1.68 (0.50�5.68) 8/3

Sanitised water supply on farm 0.63 (0.04�10.59) 11/1 0.00 (0�0) 10/1

Rodent baiting undertaken fc 12/0 2.42 (0.56�10.36) 9/2

House inlets secured against rodents with mesh 3.91 (0.78�19.46) 10/2 1.68 (0.50�5.68) 8/3

Fly screens used on farm nc 0/12 nc 0/11

Proper House maintenance (free of cracks, leaks,

draughts)

0.63 (0.08�4.72) 11/1 1.24 (0.33�4.60) 9/2

Six-metre gravel strip, free of vegetation down

sides of all houses on farm

0.44 (0.16�1.24) 8/4 0.56 (0.18�1.71) 6/5

Perimeter fence at least 2 m high enclosing farm 1.84 (0.69�4.89) 6/6 2.67 (0.83�8.54) 8/3

Additional livestock kept on farm 2.5 (0.48�13.06) 10/2 0.16 (0.02�1.43) 9/2

Farms with additional livestock have separate

access areas

fc 10/2 0.71 (0.23�2.22) 4/7

Storage of manure off site fc 12/0 0.50 (0.09�2.76) 9/2

Absence of a water body within 0.5 km of farm

(lakes/streams)

2.63 (0.88�7.84) 8/4 0.13 (0.03�0.53)a 6/5

Presence of dog/cat/other pets on farm 2.88 (1.03�8.02) 7/5 2.31 (0.74�7.18) 6/5

Two or more broiler houses on farm 0.46 (0.17�1.29) 6/6 0.16 (0.04�0.60)a 6/5

fc (full compliance): odds ratio cannot be calculated as all farms within sample population met criteria.

nc (non-compliance): odds ratio cannot be calculated as all farms within sample population did not met criteria.
aThe odds of Campylobacter infection are significantly lower (P B0.05) in farms that meet the criteria compared to farms that do not

within the high- and low-performance populations.
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that a random chosen sample taken on any given day

from a high-performance farm would have lower

Campylobacter prevalence than a sample obtained from

a low-performance farm. The MWU was also used to

compare total biosecurity scores from high- and low-

performance farms. Ninety-five percent CIs were also

constructed for probabilities obtained using the MWU-

statistic using the following formula:

h� 1:96� ðStandard error for hÞ

where

Standard errorðhÞ

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

hð1�hÞþðn1�1ÞðQ1�h2Þ þ ðn2�1ÞðQ2�h2Þ
q

=n1n2

where

n1�the number of observations in group 1, n2�the

number of observations in group 2, u�U/n1n2 (the

probability), U�MWU-statistic; Q1�u/(2�u) and Q2�
(2 u2)/(1�u) (20).

An odds ratio (OR) according to Jewell (21), was used to

calculate the relative odds that farms meeting the biosecur-

ity criteria were Campylobacter positive compared to farms

that did not meet the criteria, within each of the high- and

low-performance sample populations (Table 1). Ninety-five

percent CIs were also constructed for all ORs calculated. In

cases in which all farms met the biosecurity criteria, an OR

could not be calculated (21).

A one-way ANOVA was used to compare mean FCR

and percentage mortality rates between high- and low-

performance farms.

Finally, a two-tailed t-test assuming unequal variance was

used to test for significant differences in mean Campylobacter

concentrations between high- and low-performance farms

at both first and final slaughter. For all comparisons,

P valuesB0.05 were considered statistically significant.

Results

Biosecurity assessment

The high-performance farm group had a significantly

higher total biosecurity score (S�205) (PB0.05) com-

pared with the low-performance farm group (S�154).

The probability that a farm randomly selected from the

high-performance group would have a higher total biose-

curity score than a farm randomly selected in the low-

performance group was 76% (95% CI: 55�96%).

Four biosecurity criteria were significantly (PB0.05)

associated with reduced odds of Campylobacter positivity

on low-performance farms: 1) presence of a physical step-

over barrier (OR�0.17), 2) use of house-specific footwear

(OR�0.13), 3) two or fewer broiler houses on farm

(OR�0.16), and 4) absence of a water body within 0.5 km

of the farm (OR�0.13). In the high-performance farms, no

single biosecurity criterion was found to significantly reduce

the odds of a farm being Campylobacter positive. However,

on these farms, full compliance with several biosecurity

criteria was observed (Table 1).

Campylobacter prevalence in high- and

low-performance farms at first thin

A statistically significant difference (PB0.01) in daily

Campylobacter prevalences was found between high- and

low-performance farms at first thin. There was a 64% (95%

CI: 53�76%) probability that a sample from the high-

performance group would have a lower Campylobacter

prevalence than a sample from the low-performance group

on any given day.

There was a statistically significant difference in

Campylobacter prevalence between high- and low-

performance farms (PB0.01) across all seasons at first

thin. Campylobacter prevalence on high-performance

farms was 22% (95% CI: 16�28%) in May 2014, 53%

(95% CI: 45�61%) in summer [June�August], 37% (95%

CI: 30�44%) in autumn [September�November], 6%

(95% CI: 9�12%) in winter [December�February], and

16% (95% CI: 9�23%) in spring 2015 [March�May],

compared with 45% (95% CI: 32�58%), 92% (95% CI:

87�96%), 70% (95% CI: 63�77%), 29% (95% CI: 18�
39%), and 38% (95% CI: 30�47%), respectively, in low-

performance farms at first thin (Fig. 1a).

A statistically significant difference was also found

in the mean Campylobacter concentrations of positive

samples (P50.01) between high [7.5 (95% CI: 7.3�7.7)

log10 CFU/g] and low [8.3 (95% CI: 8.2�8.4) log10 CFU/g]

performance farms at first thin.

Campylobacter prevalence in high- and low-
performance farms at final thin

There was no statistically significant difference (P�0.05)

in Campylobacter prevalence between high- and low-

performance farms at final thin. In addition, no significant

differences were found in mean Campylobacter concentra-

tions between high-performance [8.4 (95% CI: 8.3�8.5)

log10 CFU/g] and low-performance [8.3 (95% CI: 8.2�8.4)

log10 CFU/g] farms at final thin. At final thin mean

Campylobacter prevalence increased to ]85% in both

groups of farms across all seasons (Fig. 1b).

Differences in Campylobacter prevalence between

first and final thin
Campylobacter prevalence significantly (PB0.01) in-

creased at final thin when compared with first thin in

high-performance farms across all seasons. The probability

of a high-performance farm having a lower Campylobacter

prevalence on any given day at first thin compared with final

thin was 83% (95% CI: 74�92%). In high-performance farms,

Campylobacter prevalences ranged from 22% (95% CI:

16�28%) in May 2014, 53% (95% CI: 45�61%) in summer,

37% (95% CI: 30�44%) in autumn, 6% (95% CI: 1�12%) in
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winter, and 16% (95% CI: 9�23%) in spring 2015 at first thin

to ]85% across all seasons at final thin (Fig. 2a).

A similar effect was observed in low-performance

farms: the probability that Campylobacter prevalence

would be lower at first thin than final thin on any given

day was 69% (95% CI: 57�81%). Campylobacter preva-

lence ranged from 45% (95% CI: 32�58%) in May 2014,

92% (95% CI: 87�96%) in summer, 70% (95% CI: 63�77%)

in autumn, 29% in winter (95% CI: 19�39%), and 38%

(95% CI: 30�47%) in spring 2015 at first thin to ]85%

across all seasons at final thin (Fig. 2b).

Mean overall Campylobacter concentrations in positive

samples were significantly higher (PB0.05) at final thin

[8.4 (95% CI: 8.3�8.5) log10 CFU/g] than at first thin

[7.5 (95% CI: 7.3�7.7) log10 CFU/g] in samples from

high-performance but not low-performance farms.

Economic performance, feed conversion ratio, and

percentage of bird mortality

There was a significant difference (PB0.01) in econo-

mic performance and FCR between high- and low-

performance farms but no significant difference (P�

0.05) in the percentage of bird mortality. The mean dif-

ference in gross income per thousand birds between high-

and low-performance farms was t107 (95% CI: t94�122).

The annual average FCR (kg feed consumed per kg of

bird weight produced) was significantly lower in high-

performance (P�1.61; 95% CI: 1.61�1.63) than in low-

performance (P�1.67; 95% CI: 1.65�1.67) farms. The

average farm FCRs ranged between 1.59 and 1.70.

Temperature

Mean temperatures varied greatly with season. Highest

temperatures were observed in July 2014. The highest

average maximum (208C) and minimum (108C) tempera-

tures were recorded in July 2014. The lowest average maxi-

mum (7.28C) and minimum (1.18C) temperatures were

both recorded in February 2015 (Fig. 3).

Discussion
Campylobacter in Irish poultry meat has a high socio-

economic cost in terms of QALYs, health care expendi-

ture costs, and lost workdays. The EFSA state that

50�80% of human campylobacteriosis cases may be

attributed to the broiler reservoir as a whole (22). The

disease burden of campylobacteriosis is estimated to cost

the EU 0.35 million disability adjusted life years (DALYs)

per year with total annual costs of approximately t2.4

billion (1). In 2014, Campylobacter was the most com-

monly reported bacterial food-borne pathogen in Europe

with 236,851 confirmed cases, however, these figures are

considered vastly under-reported (2). This highlights

the importance of reducing the burden of disease in

poultry through good on-farm hygiene and biosecurity

which, in turn, will reduce incidence in humans giving

both economic and human health benefits.

Farms within the high-performance group had a sig-

nificantly higher total overall biosecurity score than those

in the low-performance group. In some cases, the OR for

Campylobacter positivity could not be calculated because

all farms within the performance groups complied with

Fig. 1. Comparisons of Campylobacter prevalence between high- and low-performance farms at a first and b final thin.

Fig. 2. Comparisons of Campylobacter prevalence between first and final thin in a high- and b low-performance farms.
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the particular criterion. However, although a ratio could

not be calculated, the finding that high-performance farms

had full compliance with certain criteria identified as

significant in the low-performance group (physical step-

over barriers, and house-specific footwear) may explain

the lower Campylobacter prevalences observed in high-

performance farms.

Four biosecurity criteria (house-specific footwear,

physical step-over barrier, absence of water body within

0.5 km, and two or more broiler houses on a farm) were

associated with reduced odds of Campylobacter in the

low-performance group. A previous study by Hald et al.

(23) similarly found that a physical step-over barrier

was the single most important biosecurity measure for

the production of Campylobacter free flocks. In addition,

other studies have also highlighted that the use of house-

specific footwear can lower the risk of Campylobacter

colonisation of broiler poultry (16, 24). A previous study

by Humphrey et al. (25) noted that the proper use of foot

dip could delay colonisation with Campylobacter by 2�3

weeks as compared with farms that did not use foot dips,

suggesting that contaminated footwear is an important

source for Campylobacter colonisation of broilers. High

standards of biosecurity implemented on farm can reduce

the risk of Campylobacter introduction and transmission

to and between flocks. Water has also been identified as

a potential reservoir for Campylobacter (26) whilst a higher

number of broiler houses on farms has also been identified

as an increased risk factor for Campylobacter (27).

Campylobacter prevalence in high-performance farms

was between 20�40% lower at first thin than in low-

performance farms throughout the year. High-performance

farms were selected based on full compliance with farm

hygiene audits, which may explain why Campylobacter

prevalence was lower in this group. A previous study in

the United Kingdom by Gibbens et al. (7) found that

hygiene interventions such as twice weekly replenishment of

foot dip, a hygiene protocol for entering/exiting broiler

houses, and the use of a standardised method of cleaning

and disinfecting houses prior to restocking reduced the

risk of Campylobacter colonisation by over 50%. Previous

studies found a carry-over of clones between consecutive

flocks within broiler houses, which demonstrates the

potential impact of ineffective hygiene and biosecurity

measures (28, 29).

There was a seasonal impact on the prevalence of

Campylobacter in Irish broilers with a peak observed

during the summer season at first thin. The highest mean

maximum daily temperatures (18�208C) were recorded

during the month of July, which corresponded to the

highest Campylobacter prevalences in both high- and low-

performance farms at first thin. This corresponds with the

EFSA baseline survey stating that July to September is

the highest risk quarter of the year for Campylobacter

colonisation of broilers (22). A study in Danish broilers

found that even with strict compliance with biosecurity

practices, Campylobacter prevalences in excess of 70%

were observed in August (30). The higher Campylobacter

flock prevalences observed during warmer months may

be due to increases in insect activity, cattle grazing, and

outside temperatures aiding Campylobacter survival and

transmission (9, 30, 31). The higher seasonal occurrence

of Campylobacter in Irish broilers during summer months

highlights an important risk to public health as previous

research has linked seasonal poultry Campylobacter peaks

with peaks in human campylobacteriosis cases (32).

At final depopulation 85% or more of flocks were

Campylobacter positive irrespective of farm performance.

It has been suggested that the practice of thinning and/or

increased bird age may result in increased Campylobacter

prevalence. In Ireland, the practice of thinning involves

catching teams and equipment repeatedly entering the

broiler house without consistent adherence to hygiene

practices. The teams visit multiple farms each day and

use equipment, such as forklifts, trucks, and catching

crates, which are difficult to adequately disinfect between

farms (33). These practices may not only be helping

to introduce Campylobacter from the surrounding envir-

onment into the broiler houses but also to carry Campy-

lobacter from infected farms to non-infected farms.

Previous research also demonstrated an association

between the strains isolated from catching equipment

immediately prior to thinning and the strains found in

flocks at the time of final depopulation (33). It has

also been shown that efforts to implement additional

biosecurity measures during thinning failed to prevent

colonisation by Campylobacter (34). The study identified

transport crates as particularly problematic, noting that

genotypes of campylobacters isolated from those crates

were subsequently found in flocks colonised after thin-

ning. Bird age has also been identified as a risk factor for

the colonisation of broilers with Campylobacter (16, 27,

35); it is possible that the higher prevalence observed in

birds at final thin was influenced by bird age. The higher

prevalence of Campylobacter in broilers at final depopu-

lation increases the risk of contamination of carcasses

during processing (13). Such batches could be considered

Fig. 3. Comparisons of mean maximum (Max.) and minimum

(Min.) temperatures by month.
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high risk and appropriate strategies applied to mitigate

this risk. A risk analysis by Havelaar et al. (36) states

that, at present, the reduction and prevention of faecal

leakage during slaughter, and the separation of conta-

minated and non-contaminated flocks were the most

effective methods for reducing Campylobacter contam-

ination on carcasses. Currently, the Campylobacter status

of flocks presented for slaughter is unknown in Ireland.

In conclusion, season, hygiene, and biosecurity prac-

tices are important influences on the epidemiology of

Campylobacter on broiler farms. In particular, the use of

physical step-over barriers, the presence of no more than

two houses on a farm, the absence of a water body within

0.5 km, and the use of house-specific footwear may help

to decrease Campylobacter prevalence. As thinning was

identified as a significant risk factor for Campylobacter

introduction, this practice should, if possible, be discon-

tinued. Furthermore, in the absence of testing to deter-

mine the Campylobacter status of flocks, batches at final

thin should be considered high risk and appropriate risk

mitigation measures applied.
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