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Abstract 

 

Campylobacter jejuni is the leading cause of bacterial foodborne infection; chicken 

meat is its main source. C. jejuni is considered commensal in chickens based on 

experimental models unrepresentative of commercial production. Here we show that 

the paradigm of Campylobacter commensalism in the chicken is flawed. Through 

experimental infection of four broiler (meat) chicken commercial breeds, we show 

that breed has a significant effect on C. jejuni infection and the animals’ immune 

response, although these factors have limited impact on bacterial numbers in chicken 

ceca. All breeds mounted an innate immune response. In some this declined when 

interleukin-10 was expressed, consistent with regulation of the intestinal 

inflammatory response, and these birds remained healthy.  In another breed there 

was a prolonged inflammatory response, evidence of damage to gut mucosa, and 

diarrhoea. We show that bird type has a major impact on infection biology of C. 

jejuni. In some breeds infection leads to disease and the bacterium cannot be 

considered a harmless commensal. These findings have implications for the welfare 

of chickens in commercial production where C. jejuni infection is an endemic 

problem. 

 

 

 

Importance 

Campylobacter jejuni is the most common cause of foodborne bacterial diarrheal 

disease in the developed world. Chicken is the most common source of infection.  C. 

jejuni infection of the chicken has previously not been considered to cause disease 

and that it is a part of the normal microbiota of birds. In this work we show that 
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modern rapidly growing chicken breeds used in intensive production systems have a 

strong inflammatory response to C. jejuni infection that can lead to diarrhea, which, in 

turn, leads to damage to the feet and legs on the birds due to standing on wet litter.  

The response and level of disease varied between breeds and is related to regulation 

of the inflammatory immune response. These findings challenge the paradigm that 

Campylobacter is a harmless commensal of the chicken and that C. jejuni infection 

may have substantial impact on animal health and welfare in intensive poultry 

production.



 4 

Introduction 

Campylobacter jejuni is the most frequent cause of foodborne bacterial 

gastroenteritis in the world, estimated to infect 1% of the EU population each year. 

Chicken is the single largest source of infection with approximately 80% of retail 

poultry carcasses contaminated in the EU(1). C. jejuni colonises the chicken gut, 

primarily the large blind ceca at the distal end of the gastrointestinal tract, to levels in 

excess of 109 CFU per gram. Campylobacter is rapidly transmitted horizontally 

through broiler (meat producing) flocks as a consequence of fecal shedding of the 

bacterium and the coprophagic behaviour of the chicken. Control of C. jejuni infection 

focuses on all stages of poultry production and has largely involved attempts to limit 

exposure of broilers during the rearing cycle and/or carcass treatments to reduce 

contamination levels at slaughter. To date, no interventions have been shown to be 

fully successful under commercial conditions. For control to be more effective it is 

essential that the infection biology of C. jejuni in the chicken is well understood. 

However, our understanding is currently still surprisingly limited. Indeed, the immune 

response to C. jejuni in the chicken and the role this plays in colonization, 

pathogenesis and possible clearance of infection has not been well explored beyond 

a few descriptive studies.  

 

C. jejuni is often considered to be a harmless commensal inhabitant of the chicken 

gut and the immune response to it in the intestinal tract is thought to be tolerogenic 

(2). However,it has been previously shown that C. jejuni is recognised by Toll Like 

Receptors (TLRs) 4 and 21, the latter being the functional equivalent of mammalian 

TLR9. This leads to initiation of innate immune responses in the gut that cause an 

influx of inflammatory cells, including heterophils, the avian equivalent of the 

neutrophil (3-5). C. jejuni infection may also affect the structure of the chicken 

intestinal epithelium(6). The innate responses lead to adaptive ones that can be 

measured as both mucosal and systemic specific antibodies (7-9). Studies of T 
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lymphocyte function in the gastrointestinal tract during C. jejuni infection are very 

limited, although T cell responses have been shown in the liver during invasive 

infections (10).  One potential criticism of the past work is that many studies used 

specified pathogen free (SPF) chickens with high challenge doses that have only 

limited relevance to infection and immunity in commercial broiler breeds. Modern 

broilers, as exemplified by the A1 and A2 and the C line birds tested in this study, 

have been bred to grow rapidly and to efficiently convert feed into muscle tissue 

whilst keeping high conformity of size and shape to facilitate slaughter and 

production processes.  Such birds reach slaughter weights of approximately 2.2kg at 

~36 days of age.  The downside of selective breeding in order to achieve the above 

production goals are several welfare-associated conditions in these birds, ranging 

from musculoskeletal disorders to gastrointestinal problems. In contrast, traditional 

breeds such as the White Leghorn and Light Sussex used in SPF flocks grow far 

more slowly and have better health, though greatly lower productivity levels than 

modern commercial breeds. Some commercial   chicken production systems 

considered to be ‘higher welfare’ use broilers that grow more slowly, reaching 

slaughter weight in 50 or more days and usually at reduced stocking densities, 

typically 30 to 34 kg/m2, and with natural light sources. The same breeds may also 

be used in extensive production. However, such ‘higher welfare’ systems only 

constitute a small fraction of total commercial production at present and faster 

growing birds are used in the majority of ‘standard’  intensive production systems 

where stocking densities of up to 40 kg/m2 are employed. 

Our previous work on commercial housed broilers found that high levels of hock 

marks and pododermatitis in flocks were highly significant risk factors for 

Campylobacter colonisation.  Hock marks or hock burn are marks found on the legs 

of chickens where ammonia from the waste of other chickens within the litter causes 

burns. Pododermatitis or Food Pad Dermatitis is a thickening (keratitis) and 

discoloration of the foot pad and in more severe cases lesions of the foot pad of the 
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bird caused through poor quality or wet litter with high ammonia content. These 

conditions are more common in the faster-growing broilers, as is Campylobacter 

infection (11, 12). Colles et al (13) also found an association between hock marks 

and Campylobacter infection in a UK free-range flock. Conditions such as hock 

marks and pododermatitis can be indicative of poor gut health leading to wet feces 

and poor quality litter that in turn lead to damage of the feet and lower legs of the 

chickens. It was our assumption that the link with Campylobacter was associated 

with the bacterium better colonising the damaged gut. This may be the case, but 

previous preliminary studies have shown that C. jejuni directly contributes to poor gut 

health. These studies found that broilers experimentally infected with C. jejuni M1 

had significantly higher levels of hock marks and pododermatitis than uninfected 

controls. The effects of infection were especially marked in one of the breeds tested 

(14). We hypothesise that in the some modern broiler breeds, C. jejuni infection 

compromises gut health, leading to diarrhea, which indirectly, through wet litter, 

causes leg health problems in these birds. These conditions are a major bird welfare 

issue in international chicken production. The purpose of the work presented here 

was to identify mechanisms underlying the observed differences between broiler 

types in their responses to C. jejuni and to examine the impact of infection on gut 

health and animal welfare. 

 

Results 

Broiler breed has little impact on C. jejuni colonization of the ceca following 

experimental infection 

Broiler breed had no significant impact on C. jejuni M1 levels in caeca following 

experimental infection (Table 1), nor was there a statistically significant (p=0.068) 

impact on C. jejuni numbers in this gut compartment at slaughter age (Table 2). 

Performance data for the birds are summarised in Materials and Methods.  
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C. jejuni elicits early innate immune activation and an inflammatory response 

in broilers, which remains elevated for longer in the fast-growing breed A1. 

The innate immune responses to C. jejuni M1 was examined in detail in birds from 

the A1, A2, B1 and B2 lines. Infection elicited expression of the pro-inflammatory 

chemokines CXCLi1 (Figure 1a.i), CXCLi2 (Figure1b.i) and IL1-β (Figure 1c.i) in the 

ceca of all breeds at two days post infection (dpi). CXCLi2 expression was also 

detected in the ileum (Figure 2.a). By five dpi, these responses were reduced 

(Figures 1a.ii, 1b.ii and 1c.ii) with the exception of the A1 birds in which expression 

levels of all three inflammatory mediators remained significantly higher than in the 

other birds (CXCLi1, p=0.017; CXCLi2, p<0.000; IL1-β, p=0.012). By 12 dpi, 

expression of CXCLi2 remained higher in the C. jejuni-infected A1 group than in the 

other bird types (A2, p=0.027; B2, p=0.019), although IL1-β expression was reduced 

(Figure 1b.iii, Figure 1c.iii). All four bird breeds showed expression of CXCLi1 at 12 

dpi, but with no significant differences (p=0.339) between them (Figure1a.iii).  

These findings show that the four breeds tested express key inflammatory signals in 

the innate immune system early after oral infection with C. jejuni but these are 

elevated in the A1 birds for much longer. There were no differences in basal 

constitutive expression of these genes between uninfected control birds of each 

breed. Considerable variation could be seen in the response between individuals 

within groups. This is perhaps not surprising given these are outbred commercial 

animals with inherent genetic differences between individuals, although the use of a 

relatively large group size reduces the impact of such variation. 

Histological examination of the Ileum and ceca of uninfected birds of all breeds 

identified an apparently constitutive mild diffuse lymphoplasmacellular mucosal 

infiltration (Figure 3A, B, E, G). Following infection of the fastest (A1) and the slowest 

(B2) growing birds, increased numbers of inflammatory cells, heterophils and 

lymphocytes were seen (Figure 3C, D, F, H), commensurate with the cytokine 

responses seen at 5 dpi. In both breeds there was evidence of mucosal damage, 
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notably thickening, shortening and fusion of villi in the ileum (Fig. 3C, D). This was 

more frequently observed and more intense in the A1 breed where such pathological 

changes were seen in seven out of 10 birds. In contrast in the B2 group, only three 

out of 10 birds showed morphological evidence of mucosal damage and 

inflammation. A similar pattern was seen at 12 dpi. These data indicate that the 

infection resulted in damage and inflammatory infiltration of the intestinal mucosa of 

both bird types but that these are more common and more intense in the faster 

growing breed (A1).  

 

Prolonged inflammation in the intestine of faster growing breeds results in 

diarrhoea and affects welfare. 

By 12 dpi, the infected A1 birds were found to have diarrhea when examined during 

twice-daily welfare checks and at ante mortem examination where faecal pasting of 

feathers around the cloaca consistent with diarrhea was found. Similar observations 

were also made in C birds infected to examine longer-term carriage.  Although feces 

were generally wetter in the A1 bird than other breeds, no diarrhea was seen in the 

control group. Diarrhea was not seen in the A2 or B birds. At post mortem 

examination A1 birds were found to have more watery intestinal contents and some 

evidence of inflammation such as mild hyperaemia of the caecal wall. Diarrhoea in 

the A1 birds corresponds to the greater and more prolonged inflammatory response 

seen in this breed. Furthermore, despite birds being maintained under experimental 

conditions, including regular changes of litter, nine out of ten C. jejuni-infected A1 

birds showed signs of pododermatitis at 12 dpi. In contrast, only two of ten infected 

B1 and two of nine infected A2 birds had pododermatitis. This condition was not seen 

in the infected B2 group.  

 

Disease in some broiler breeds is a consequence of immune dysregulation in 

the intestine 
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Differential expression of IL-10 between breeds was seen in the caeca at 12 dpi (Fig 

4a) with a median 50-fold increase in expression in the slower-growing B2 birds; 

significantly higher than the minimal levels in the A1 animals (p=0.003). Expression 

in the A2 and the B1 birds was intermediate between these extremes. IL-10 is a key 

regulatory cytokine in controlling inflammation. The absence of IL-10 expression in 

the A1 birds is indicative that inflammatory responses in the intestine are poorly 

regulated leading to the prolonged inflammation and diarrhea, as described above. A 

similar, but not statistically significant (p=0.068) pattern of expression was also seen 

for interferon-γ (Figure 4B) suggesting that there may be further variation between 

breeds in their T lymphocyte function. 

Although there was variation in inflammatory and regulatory responses in the gut, all 

breeds produced specific IgM and IgG antibodies at similar titres following infection 

(data not shown).  

 

Discussion 

Our work shows that C. jejuni cannot be simply regarded as a harmless gut 

commensal of some modern commercial broiler chickens. Infection of broiler 

chickens is clearly associated with intestinal inflammation. Whilst the possibility of 

this response involving some interaction with other bacteria in the intestinal 

microbiota cannot be ruled out, it is clear that the infection with C. jejuni is essential 

in causing the inflammation described. In the fast-growing A1 breed this inflammation 

is prolonged leading to diarrhea and subsequent associated pathology to the feet 

and legs of these birds. Diarrhea was also seen in breed C birds, but detailed innate 

immune responses in this breed were not examined because of logistical constraints. 

Detailed examination of responses to infection in four broiler breeds found that C. 

jejuni M1 elicited an inflammatory innate immune response in the intestinal tract, 

which led to a specific antibody response. Intestinal disease in the A1 birds appears 

to be a consequence of a poorly regulated immune response, as expression levels of 
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pro-inflammatory signals such as CXCL chemokines and IL-1β remain higher than in 

the three other breeds at five and twelve dpi. In contrast, IL-10 expression is 

significantly higher in the B2 bird at 12 dpi suggesting that it is much better able to 

regulate its inflammatory response and that dysregulation of this in A1 birds leads to 

infection-mediated pathology in the lower intestinal tract. The importance of IL-10 in 

regulating C. jejuni enteritis has been shown in the C57BL/6 IL10 -/- mouse used as 

model for acute enterocolitis (15, 16). Whilst both intact and IL-10 deficient C57BL/6 

mice can be colonised by C. jejuni, only C57BL/6 IL10 -/- mice develop enteritis (17).   

 

The data presented here show that there is no intrinsic difference in the susceptibility 

of broiler breeds to C. jejuni under experimental conditions.  As such it is unclear as 

to whether any variation in use of current broiler breed type will have any impact on 

public health.  However, breeding chickens resistant to Campylobacter infection is 

considered, along with vaccination, to be a potential long-term intervention in 

controlling these bacteria in chicken production (18, 19). Studies using inbred and 

outbred lines of chicken have indicated that differences in innate immunity, 

particularly β-defensins secreted in the gut, may hold the key to resistance (20).  

However, more detailed transcriptional studies of the response to C. jejuni in two 

broiler lines differing in resistance to colonisation indicate that there is greater activity 

of regulatory T lymphocytes in the more resistant line (20, 21). T regulatory cells (or 

T Regs) are important in maintaining gut homeostasis and regulating the response to 

infection of the chicken and other species through production of cytokines such as IL-

10 and TGF-β. Taken with our data on expression of IL-10, it appears that regulation 

of responses through T regulatory lymphocytes is key to both maintaining a healthy 

gut and reducing colonisation by C. jejuni following infection.  As such, we suggest 

that certain faster growing breeds of broiler chicken, such as the A1, have a 

functional innate response to Campylobacter infection but do not have an effective T 

regulatory one, leading to the pathological changes we have seen. This dysfunction, 
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if it occurs with other enteric pathogens, may also lead to inflammatory damage in 

the intestinal tract under production conditions.  In our past work (11, 12) we did not 

ascertain whether pododermatitis and hock marks, linked to an increased risk of 

Campylobacter infection, preceded infection or occurred because of it. Data 

presented here show that C. jejuni makes a direct contribution to this condition. The 

immune dysfunction we have seen in response to C. jejuni does not seem to be 

linked to more rapid growth per se and is more likely to be related to the genetic 

background of the birds, as this will differ even in animals bred by the same 

company. Such information is commercially sensitive and therefore not freely 

available.  

In summary, we show that C. jejuni is not merely a harmless commensal of the 

broiler chicken and that infection can lead to diarrhea and inflammatory damage in 

the birds. Although previous studies have shown that there is an inflammatory 

response to Campylobacter infection in the chicken, the immune response in the gut 

has been considered largely ‘tolerogenic’ allowing the bacteria to remain in the 

intestine in the absence of any pathological changes or systemic infection. Indeed it 

may be that the ‘natural’ immune response to C. jejuni in the chicken is centred upon 

confining the pathogen to the intestine where it persists and that the response in the 

gut is tightly regulated to prevent excessive inflammation, which in traditional chicken 

breeds leads to little or no ill-effect on the bird. However, in modern broiler breeds 

the drive towards improved productivity and carcass conformity would appear to 

have had a negative impact on T lymphocyte function, leading to a loss of immune 

regulation in the gut.  The result of this imbalance is that C. jejuni infection results in 

poorly controlled inflammation leading to intestinal mucosal damage and diarrhoea.  

 

Materials and Methods 

 

Bacterial strains and culture conditions 
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C. jejuni M1 was kindly provided by Dr Lisa Williams (University of Bristol). Bacteria 

were grown from stocks maintained at -80oC on Columbia Blood Agar (Lab M, 

Heywood, Lancashire, UK) supplemented with 5% defibrinated horse blood (Oxoid, 

Basingstoke, Hampshire, UK) for 48h in microaerobic conditions (80% N2, 12% CO2, 

5% O2 and 3% H2) at 41.5oC. Liquid cultures were grown for 24h in 10 ml of Mueller-

Hinton broth (MHB) in microaerobic conditions at 41.5oC, and adjusted by dilution in 

fresh MHB to a final concentration of 106 CFU/ml. 

 

Experimental animals 

All work was conducted in accordance with UK legislation governing experimental 

animals under project licences PPL 40/3063 (experiment 1) and 40/3652 (experiment 

2) and was approved by the University of Liverpool ethical review process prior to the 

award of the licences. All animals were checked a minimum of twice daily to ensure 

their health and welfare. Five common broiler breeds were used. Data from the 

breeding companies state that the A1 bird reaches live slaughter weight (2.2 Kg) at 

36 days of age, as does the breed C bird. The A2 bird reaches 2.2 Kg at 37 days 

while the B1 and B2 birds take 48 and 56 days respectively. Not all breeds were 

used in all experiments and the decision to use the breed A birds for detailed 

examination, rather than the C line, was based on current market share in the UK, 

where many more breed A birds are reared. 

Age-matched, 1-day-old chicks of the broilers were obtained from a commercial 

hatchery. Chicks were housed in the University of Liverpool, High Biosecurity Poultry 

unit.  Chicks were maintained in floor pens at Home Office recommended stocking 

levels allowing a floor space of 2000cm2 per bird for all groups and were given ad 

libitum access to water and a pelleted laboratory grade vegetable protein-based diet 

(SDS, Witham, Essex, UK) with a feeder and drinker available per 15 birds. Chicks 

were housed in separate groups at a temperature of 30ºC, which was reduced to 

20ºC at 3 weeks of age. Each infected group was housed in a single room with 
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filtered air supply with lobbied entry to each room and dedicated protective clothing 

and boots.  Two control groups were housed in separate pens in an individual room. 

Prior to experimental infection, all birds were confirmed as Campylobacter-free by 

taking cloacal swabs, which were streaked onto selective blood-free agar (mCCDA) 

supplemented with Campylobacter Enrichment Supplement (SV59; Mast Group, 

Bootle, Merseyside, UK) and grown for 48h in microaerobic conditions at 41.5oC. All 

microbiological media were purchased from Lab M (Heywood, Lancashire, UK). 

Throughout the experiment, litter was changed every 4 days and pens cleaned to 

limit re-transmission within groups and to reduce problems associated with wet litter. 

 

Experiment 1: Effect of broiler breed on C. jejuni infection 

At 21 days old, A1 (n=40), A2 (n=38), B1 (n=40) and B2 (n=40) broilers were orally 

infected with 105 cells of C. jejuni M1 in 0.2 ml of MHB. Control birds (A1 n=16, A2 

n=15, B1 n=15, and B2 n=16) received 0.2 ml of sterile MHB. At 2, 5 and 12 dpi, 10 

infected and 5 control birds from each line were killed by cervical dislocation. At post-

mortem examination, samples of tissue and gut contents were taken and processed 

for host gene expression analysis, histology and Campylobacter enumeration.  

 

Assessment of C. jejuni load 

In order to determine the levels of C. jejuni colonisation in each of the breeds, cecal 

contents were collected from individual birds at necropsy and diluted in 9 volumes of 

maximal recovery diluent (MRD). Serial 10-fold dilutions were made of each sample 

in MRD, and using the method of Miles and Misra, duplicate 50 µl spots were plated 

onto mCCDA agar supplemented with SV59. Plates were incubated under 

microaerobic conditions at 41.5oC for 48h and Campylobacter colonies enumerated 

to give CFU/g of caecal contents. 

 

RNA extraction and real-time quantitative RT-PCR 
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Samples of ileal and caecal tissue from infected and control birds were collected and 

stored in 500 µl of RNAlater at -20oC (Sigma, Poole, Dorset, UK). Total RNA was 

isolated from 20-30 mg of tissue using an RNeasy mini kit (Qiagen, West Sussex, 

UK) according to the manufacturer’s instructions. Isolated RNA was eluted into 50 µl 

RNase-free water and stored at -80oC. The yield of total RNA was determined using 

a NanoDrop (ND-1000) spectrophotometer. 

Expression of mRNA for the cytokines IL-1β, IFNγ, IL-10 and IL-4, and the 

chemokines CXCLi1 and CXCLi2 in these tissues was measured by real-time qRT-

PCR, using primer and probe sequences described by Shini and Kaiser (22). 28S 

rRNA was used as the housekeeper. Twenty µl-reaction mixtures for one-step qRT-

PCR were prepared using the RotorGene Probe RT-PCR kit (Qiagen, West Sussex, 

UK) and contained 1 µl of total RNA (at 20 ng/µl), 10 µl of RotorGene Probe RT-PCR 

Master Mix, 0.2 µl RotorGene RT Enzyme Mix, 1.6 µl of each primer (at 10 µM), 0.8 

µl of probe (at 5 µM) and 4.8 µl of RNase-free water. Triplicate reactions were set up 

for each sample using an automated QIAgility system (Qiagen, West Sussex, UK). 

Real-time RT-PCR was performed on a RotorGene Q system (Qiagen, West Sussex, 

UK) with the following reaction profile: 50oC for 10 min to facilitate reverse 

transcription of RNA to cDNA, followed by 95oC for 5 min, and 40 repeat cycles of 

95oC for 5 s and 60oC for 10 s. 

Expression of the target gene was determined using the cycle threshold (CT) value 

relative to that for the 28S rRNA reference gene (ΔCT).  Results are expressed as 

fold-changes in corrected target gene expression (ΔCT) in infected animals relative to 

the controls (2-[ΔΔCT]). 

 

Histology 

Samples of ileum and cecum from the two breeds displaying the most extreme 

differences in cytokine response in the experiments, A1 and B2, were examined for 

histological assessment. These samples were obtained from the same infected and 
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uninfected birds used for cytokine analysis. Tissue samples were fixed in 4% (w/v) 

paraformaldehyde in phosphate-buffered saline (PBS) and routinely paraffin wax 

embedded. Sections (3-5 µm) were prepared and stained with haematoxylin and 

eosin (H&E) using standard protocols. Tissue sections were blindly assessed by 

veterinary pathologists for any pathological changes and the semi-quantitative 

analysis of the inflammatory infiltrate, represented by a grading of the degree of 

heterophil as well as lymphoplasmacellular infiltration (1: slight; 2: mild; 3: moderate; 

4:marked; 5: severe infiltration).  

 

Experiment 2: C. jejuni carriage at slaughter age 

At 21 days of age, A1 (n=7), C (n=9), A2 (n=9), B1 (n=9) and B2 (n=10) birds were 

orally infected with 105 cells of C. jejuni M1 in 0.2 ml of MHB. Birds were grown to 

their commercial slaughter ages (A1 - 36d; C - 36d; A2 - 37d; B1 - 48d and B2 - 56d) 

and were killed by cervical dislocation. At post-mortem examination, contents were 

taken from both caeca for Campylobacter enumeration using the method described 

above. Original group sizes comprised 10 birds but because of welfare concerns 

unrelated to C. jejuni infection, some birds were culled prior to the end of the 

experiment. 

 

Statistical analyses 

Statistical analyses were performed using SPSS v20 (IBM). For comparison of 

bacterial loads between infected groups and fold-changes in cytokine expression 

between breeds, the Kruskal-Wallis (non-parametric ANOVA) test was applied, as 

the data were not normally distributed. Differences were considered significant where 

p<0.05. 
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Figure legends 

 

Figure 1.  Expression of pro-inflammatory cytokines and chemokines in cecal tissue 

following C. jejuni M1 infection. Fold-changes in expression of chemokines CXCLi1 

(a), CXCLi2 (b) and cytokine IL-1β (c) in cecal tissue were examined at 2 (i), 5 (ii) 

and 12 (iii) dpi. At each time point, group sizes were: A1 (n=10), A2 (n=9), B1 (n=10) 

and B2 (n=10). Bars represent the median value for each group. Significance of 

differences between the groups was examined using a Kruskal-Wallis test. 

 

Figure 2.  Expression of pro-inflammatory chemokine CXCLi2 in ileal tissue following 

C. jejuni M1 infection. Fold-changes in expression of CXCLi2 in ileal tissue were 

examined at 2 (a), 5 (b) and 12 (c) dpi. At each time point, group sizes were: A1 

(n=10), A2 (n=9), B1 (n=10) and B2 (n=10). Bars represent the median value for 

each group. Significance of differences between the groups was examined using a 

Kruskal-Wallis test. 

 

Figure 3.  Histological features in control and infected animals at day 5 post infection. 

A-D. Ileum. A, B. Uninfected control animals. Slim, slender villi with moderate (score 

2) lymphocyte and plasma cell infiltration and mild heterophil (score 1) infiltration. A: 

A1 strain. B: B2 strain. C, D. Infected animals. Villi are thickened (score 2) due to 

marked lymphocyte and plasma cell (score 3) infiltration and moderate heterophil 

(score 2) infiltration (arrows), and appear slightly shorter. E-H. Cecum. E, F. A1  

strain. G, H. B2 strain. Control animals (E, G) exhibit moderate (score 2) lymphocyte 

and plasma cell infiltration and mild heterophil (score 1) infiltration. In infected 

animals (F, H) there is increased leukocyte infiltration, with marked lymphocyte and 

plasma cell (score 3) infiltration and moderate heterophil (score 2) infiltration. 
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Figure 4.  Expression of TH1 and regulatory cytokines in cecal tissue following C. 

jejuni M1 infection. (a) Fold-changes in expression of the regulatory cytokine IL-10 in 

caecal tissue were examined at 12 dpi. (b) Fold-changes in expression of the TH1-

biased cytokine IFNγ were also examined at 12 dpi. Group sizes were: A1 (n=10), A2 

(n=9), B1 (n=10) and B2 (n=10). Bars represent the median value for each group. 

Significance of differences between the groups was examined using a Kruskal-Wallis 

test. 

 

Supplementary Info - Figure (S1).  Expression of IL-10 in ileal tissue following C. 

jejuni M1 infection. Fold-changes in expression of IL-10 in ileal tissue were examined 

at 2 (a), 5 (b) and 12 (c) dpi. At each time point, group sizes were: A1 (n=10), A2 

(n=9), B1 (n=10) and B2 (n=10). Bars represent the median value for each group. 

Significance of differences between the groups was examined using a Kruskal-Wallis 

test. 

 

Supplementary Information - Figure (S2).  Expression of IFNγ in ileal tissue following 

C. jejuni M1 infection. Fold-changes in expression of IFNγ in ileal tissue were 

examined at 2 (a), 5 (b) and 12 (c) dpi. At each time point, group sizes were: A1 

(n=10), A2 (n=9), B1 (n=10) and B2 (n=10). Bars represent the median value for 

each group. Significance of differences between the groups was examined using a 

Kruskal-Wallis test. 

 

Supplementary Info - Figure (S3).  Expression of IL-4 in cecal tissue following C. 

jejuni M1 infection. Fold-changes in expression of IL-4 in cecal tissue were examined 

at 2 (a), 5 (b) and 12 (c) dpi. At each time point, group sizes were: A1 (n=10), A2 

(n=9), B1 (n=10) and B2 (n=10). Bars represent the median value for each group. 

Significance of differences between the groups was examined using a Kruskal-Wallis 

test. 
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Table 1: Broiler breed does not significantly affect cecal colonisation with C. jejuni M1 

 

Breed C. jejuni M1 CFU.g-1 cecal content (median with range) Colonisation rate 

2DPI 5DPI 12DPI 2DPI 5DPI 12DPI 

A1 4.62×107 (0.00 – 3.73×108) 5.67×107 (1.14×106 – 5.00×108) 4.34×107 (1.74×106 – 1.35×108) 9/10 10/10 10/10 

A2 3.14×107 (1.67×106 – 7.58×108) 1.37×108 (0.00 – 3.29×108) 5.98×107 (5.04×105 – 2.71×108) 9/9 7/9 9/9 

B1 1.88×108 (0.00 – 7.58×108) 1.13×108 (0.00 – 3.04×109) 2.20×107 (7.44×105 – 1.32×108) 8/10 7/10 10/10 

B2 1.86×108 (2.06×104 – 6.87×108) 2.62×105 (0.00 – 7.60×108) 1.30×107 (0.00 – 6.36×107) 10/10 5/10 9/10 
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Table 2: Levels of C. jejuni M1 in ceca of broilers grown to commercial 

slaughter age under experimental conditions  

 

Group Slaughter C. jejuni M1 CFU.g-1 cecal 

A1 35 2.88×107 (4.58×105 – 1.93×108) 

C 36 3.84×107 (8.78×105 – 6.86×108) 

A2 39 4.94×106 (3.08×104 – 2.00×107) 

B1 48 5.30×106 (3.38×103 – 2.00×108) 

B2 56 1.22×107 (1.49×105 – 5.77×108) 
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