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Executive Summary

Research was carried out to investigate the role of foods and companion animals in the epidemiology of
Campylobacter infection in humans on the island of Ireland. The prevalence of campylobacters in a range of
retail foods purchased from retail outlets in three population centres on the island of Ireland (Dublin, Belfast
and Galway), and in cats and dogs at two animal rescue shelters, one in Dublin (Shelter 1) and the other in

Belfast (Shelter 2), was determined.

Food samples were screened for the presence of thermophilic campylobacters using selective enrichment
followed by plating on selective media. Any campylobacters isolated from foods were speciated and
antimicrobial resistance profiling carried out. Dogs and cats in two animal shelters were screened for faecal
carriage of campylobacters using several culture methods. Concurrently, campylobacters isolated from humans
with symptoms of enteritis were collected from collaborating hospital laboratories in each of the three
population centres. Subsequently, clinical, food and pet isolates were genotypically characterised using flagellin
gene (fla) typing, Pulsed Field Gel Electrophoresis (PFGE) and Amplified Fragment Length Polymorphism (AFLP)

techniques in order to investigate the degree of similarity between the three cohorts of isolates.

A total of 2,391 retail food samples were analysed over a 20 month sampling period between March 2001 and
October 2002. Campylobacter was isolated from 444 raw chicken (49.9%), 33 turkey (37.5%) and 11 duck
samples (45.8%). Lower isolation rates of 7/221(3.2%), 10/197 (5.1%) and 31/262 (11.8%) were observed for raw
beef, pork and lamb, respectively. One sample of pork paté from 120 samples analysed (0.8%) was
Campylobacter-positive. A total of three shellfish samples (oysters) from 129 raw specimens examined (2.3%)
were found to contain Campylobacter. Low prevalence of the organism (0.9%) was also isolated from fresh
mushrooms. Of 62 raw bulk tank milk samples analysed, Campylobacter was recovered from a single sample
(1.6%). Campylobacter was not detected in any of the comminuted pork puddings, prepared vegetables and
salads, retail sandwiches or cheeses made from unpasteurised milk. In total, 543 Campylobacter isolates
were obtained from food samples, of which 453 (83.4%) were confirmed as C. jejuni and the remaining

90 (16.6%) as C. coli.

High prevalences of antimicrobial resistance were observed among both food and human clinical
Campylobacter isolates. Similar resistance patterns to the range of antimicrobials tested were observed in
the two groups. Multi-drug resistance was recorded for both food and clinical Campylobacter isolates, with
81.2% of food isolates and 93.2% of human clinical isolates found to be resistant to more than one of the

nine antimicrobials studied.
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A total of 166 dogs and cats were sampled at two animal rescue shelters. The faecal swabs yielded a
Campylobacter spp. isolation rate of 51.1% in dogs and 75% in cats in shelter 1. There was a significant
correlation of age and species associated with the recovery of campylobacters. Dogs and cats younger than
six months had a higher isolation rate of Campylobacter spp., and cats had a significantly higher prevalence
than dogs (P <0.05) (Chi square test). In shelter 2, where 47.8% of dogs displayed clinical symptoms of
gastro-intestinal disease, an overall prevalence of 87% was found in canines, however, there was no
statistically significant difference between the age groups (P <0.05). The prevalence of Campylobacter spp. in
symptomatic dogs compared to asymptomatic dogs was similar with 86.4% and 87.5% of animals infected,
respectively. Several culture methods were applied to each sample collected from the animals in both
shelters. This combination of different culture methods increased the overall recovery of Campylobacter

spp. significantly.

The genotypic characterisation of isolates and comparative cluster analysis revealed that the degree of
similarity between food, pet and clinical isolates was dependent on the technique applied. Both of the fla
techniques (Hinf and Dde) were found to be the least discriminative and consequently larger clusters of
isolates were formed when both food and clinical Campylobacter cohorts were compared. For example,
clusters of up to 258 indistinguishable isolates were formed using the fla (Hinf) technique comprising 178
food and 80 clinical isolates. When both Hinf and Dde fla profiles were combined, an increased level of
discrimination was observed with fewer clinical and food isolates forming common clusters. The PFGE typing
method showed a high level of strain discrimination, however, 41 (28.3%) human clinical and 89 (28.9%) food
isolates still formed common or indistinguishable clusters. This finding demonstrates the significant role

foods, and in particular poultry products, play in the epidemiology of Campylobacter infection in humans.

The potential role of companion animals in the dissemination of disease to humans was also investigated.
As with the other comparative analyses carried out, extensive associations between pet and clinical isolates
were observed when fla (Hinf and Dde) typing techniques were used. For example, 18 (90%) pet and 93
(30.2%) human clinical isolates formed three clusters that contained indistinguishable genoprofiles.
However, when PFGE was applied to the pet isolates and a comparative analysis with clinical isolates carried
out, no common clustering between the two cohorts was observed. This suggests that companion animals

do not play a significant role in the transmission of campylobacters to humans.
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Overall, the study demonstrated that there is a high level of strain diversity among both food and clinical
Campylobacter isolates. However, a high proportion of Campylobacter isolates found in foods of animal origin
appear to also occur in patients with symptoms of enteritis. This suggests that a high proportion of human
Campylobacter cases may be contracted via the handling and consumption of contaminated foodstuffs of
animal origin, particularly poultry. The study also showed that companion animals have the potential to
cause illness in humans as a result of direct contact, due to the high rates of intestinal carriage of
Campylobacter encountered in this study. However, further investigation using highly discriminative
genotyping revealed that companion animals are likely to be a less significant reservoir of Campylobacter

infection than contaminated foods.

Summary of Key Findings:

Campylobacter was found to be a common contaminant of poultry (chicken 49.9%, turkey 37.5% and
duck 45.8%) in the three population centres studied (Dublin, Belfast and Galway), with lesser isolation
rates from beef (3.2%), pork (5.1%), lamb (11.8%), pork paté (0.8%), oysters (2.3%), mushrooms (0.9%) and
raw milk (1.6%).

 C. jejuni was the most prevalent species (83.4%) isolated from all foods except pork where C. coli
predominated.

« C. jejuni was also the most prevalent species (95.9%) isolated from human cases of campylobacteriosis in
the three population centres.

+ PFGE proved to be a more discriminative genotyping method for Campylobacter than flagellin gene (fla)
typing. AFLP analysis proved to be relatively quick but its reproducibility with C. jejuni requires more
investigation before it could be recommended as a routine analytical tool.

« Genotyping by PFGE followed by cluster analysis revealed that 28.3% of human clinical Campylobacter
isolates and 28.9% of food isolates shared common genotypic profiles, which demonstrates the
significant role food, and in particular poultry products, plays in the epidemiology of Campylobacter
infection in humans.

« Similar trends in antimicrobial resistance were observed for food and human clinical Campylobacter

isolates.
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¢ Multi-drug resistance was observed amongst both food and clinical Campylobacter isolates, with 81.2% of
food isolates and 93.2% of human clinical isolates found to be resistant to more than one of the nine
antimicrobials studied.

e High Campylobacter carriage rates were observed in dogs and cats at two animal shelters in Dublin and
Belfast. Young dogs and cats (< 6 mths), in particular, had high isolation rates of Campylobacter.

» Campylobacter isolates from dogs and cats did not cluster with any of the human clinical isolates when
typed by PFGE, the most discriminative of the typing methods. This suggests that cats and dogs play a

less significant role in the transmission of Campylobacter to humans than food.
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1.

Introduction

Campylobacters are now recognised as the most prevalent cause of bacterial foodborne illness in humans in
many developed countries, including Ireland and the United Kingdom (Nachamkin et al., 1998; PHLS, 20071;
Fitzgerald et al., 2001). Campylobacter jejuni, and to a lesser extent Campylobacter coli, accounts for the
majority of human infection (Friedman et al., 2000). The infectious dose required to cause enteritis is
considered to be low, ranging from 500-10,000 cells. The manifestation of disease following ingestion of this
pathogen can depend on a number of factors such as the vehicle in which the organism is ingested, the
numbers ingested, the susceptibility of the individual and the virulence of the strain involved. It is thought
that the infective dose may be lower for children than adults (Altekruse et al., 1998; Anonymous, 2002a). Acute
gastrointestinal symptoms are typically associated with Campylobacter infection. These symptoms can vary
from mild self-limiting enterocolitis lasting 24 hours to more severe illness including diarrhoea or bloody
diarrhoea, abdominal cramps and vomiting which can last up to 10 days (Fields et al., 1999; Anonymous
2002a). In most cases, no medical intervention is necessary and patients recover within a few days.
Complications following infection are rare, but Guillain Barré syndrome (GBS) can occur (Nishimura et al.,
1997). This is a disorder affecting the peripheral nervous system resulting in symmetrical limb weakness, loss
of tendon reflexes, absent or mild sensory signs and variable autonomic dysfunctions (Hahn, 1998; Yuki 2001).

This condition affects approximately 1-3 per 100,000 population (Kaplan et al., 1983; Blaser, 1997; Hahn, 1998).

In the Republic of Ireland, 2085, 1613, 1286 and 1613 confirmed cases of campylobacteriosis were reported in
the years 1999, 2000, 2001 and 2002, respectively. This corresponds to a Crude Incidence Rate (CIR) of 57.5,
44.5, 35.5 and 44.5 per 100,000 population for the years 1999, 2000, 2001 and 2002 (Foley et al., 2003). Data
published in Northern Ireland by the Communicable Disease Surveillance Centre reveal the numbers of
confirmed Campylobacter infections at 862, 1001, 885, 817 and 740 for each year from 1999 to 2003
respectively (Figure 2). These figures equate to CIR of 51.3, 59.5, 52.4, 48.15 and 43.6 per 100,000 population
(Anonymous, 2004a). Children under the age of five appear to be most susceptible to infection in Ireland, as
in most developed countries (Fitzgerald et al., 2001, Foley and McKeown, 2002). Gender appears to have an
effect on the incidence of disease in Ireland with 55.7% and 43.2% of cases affecting males and females,

respectively. This trend was particularly apparent in children under 5 years of age (Foley et al., 2003).

Due to the relatively mild symptoms and self-limiting conditions associated with campylobacteriosis, most
individuals affected by the disease fail to report it to medical practitioners. As a result, it is widely accepted
that gross under-reporting occurs. The actual numbers of cases occurring each year have been estimated to

be 10 to 100 fold higher than the number of confirmed cases reported (Skirrow, 1991; Kapperud et al., 1992). It
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has been estimated, using costings from 1994-95, that each case of campylobacteriosis in the United
Kingdom costs on average £314 (approx. €455). This corresponds to an estimated annual cost of £150 million
when reported figures for 1999 are considered (Anonymous, 2000b), which demonstrates the burden on

society in terms of the human suffering and economic costs that campylobacteriosis causes.

Numerous studies have been carried out to ascertain the modes of transmission of Campylobacter to
humans. Most have concluded that contaminated foods represent the most significant risk. A review of
literature pertaining to risk factors associated with human campylobacteriosis was published by the EU
Scientific Committee on Veterinary Measures Relating to Public Health (Anonymous, 2000a), which

summarised the risk factors associated with human campylobacteriosis as follows:

e eating undercooked poultry

e handling raw poultry

 frequent contact with (diarrhoeic) dogs and cats

e drinking non-potable water

e drinking unpasteurised milk or dairy products made from non-heat treated milk
e drinking doorstep delivered milk with caps damaged by birds

e eating barbequed poultry, pork or sausages

e eating poultry liver

o foreign travel.

The dissemination and persistence of campylobacters in the domestic kitchen as a result of preparing
contaminated foods has also been identified as a major risk factor (Humphrey et al., 2001). Detailed sentinel
studies have been carried out in the United Kingdom which identified broadly similar risk factors associated
with Campylobacter infection. These include the consumption of paté, bottled water or untreated water from
lakes and rivers, unpasteurised milk, eating in restaurants, travel abroad, the consumption of ready-to-eat
meats or contact with diarrhoeic household pets (Adak et al., 1995; Frost et al., 2002; Gillespie et al., 2002;

O’Brien et al., 2002; Gillespie et al., 2003).

Food animals represent a significant reservoir for Campylobacter species of public health significance.
Campylobacters are frequently found in the intestinal tracts of clinically healthy food animals, including

poultry, cattle, sheep and pigs. Once colonised, animals often persistently shed the organism up to time of
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slaughter. The pathogen can subsequently be disseminated onto foods of animal origin as a result of

contamination with faecal material during the slaughter and processing stages.

Numerous opportunities exist during live animal transportation (Whyte et al. 2001; Minihan et al. 2004) and
within the slaughterhouse environment for cross-contamination of Campylobacter to occur. As a result,
foods of animal origin are frequently reported to be contaminated with campylobacters. These foods are
often implicated as vehicles in the transmission of this infectious agent to humans. Fresh poultry carcasses
and further processed raw poultry products have, in particular, been associated with high levels of
Camplyobacter contamination and illness in humans (Berndtson et al., 1992; Whyte, 2000; Jeffery et al., 2001;
Moore et al., 2003; Keener et al., 2004). The reported prevalence of camplyobacters on raw meat products
from other food animal species tends to be lower than those reported for poultry. Campylobacters have also
been recovered from shellfish where they have been harvested from contaminated aqueous environments.
As shellfish are frequently consumed raw, they have been implicated in human campylobacteriosis cases
(Abeyta et al., 1993; Endtz et al., 1997; Teunis et al., 1997; Frost et al., 2002). Raw or non-heat treated milk has
also been implicated as a potential vehicle in the transmission of infection to humans (Robinson and Jones,
1981; Skirrow and Benjamin, 1982; Hudson et al., 1999; Frost et al., 2002; Anonymous, 2002c). The
consumption of milk from bottles whose tops have been pecked by feral birds has also been identified as a
possible route of infection (Southern et al., 1990). The main route of contamination of raw milk is via the
introduction of faecal material during the milking process. However, direct excretion of campylobacters

within the mammary glands of mastitic dairy cows has also been reported (Orr et al., 1995).

Companion animals or pets (particularly those with enterocolitis and diarrhoea) have been identified as
potential risk factors associated with the transmission of Campylobacter to humans via direct contact.
Previously reported isolation rates for Campylobacter cultured from puppies range from 8-76%, 0-50% in
adult dogs and 0-45% in cats (Burnens et al., 1992; Torre and Tello, 1993; Baker et al., 1999; Lopez et al., 2002;
Sandberg et al., 2002; Engvall et al., 2003). Campylobacter jejuni and Campylobacter upsaliensis appear to be
the most prevalent species recovered from domestic pets. Carriage in pets is often asymptomatic, however,

gastrointestinal disease has also been associated with younger animals in particular.
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Objectives of study

This study was carried out so that relevant public health data pertaining to Campylobacter could be

generated on an all-island basis. The specific objectives of the study were to:

e Determine prevalences of Campylobacter in a range of foods on retail sale

e Concurrently collect human clinical Campylobacter isolates

e Speciate isolates recovered from retail food samples

e Determine the phenotypic antimicrobial resistance profiles of food and clinical isolates

e Genotypically characterise both clinical and food isolates

e Carry out cluster analysis of isolates and assess levels of similarity between strains of different origin

* Investigate the prevalence of Campylobacter in pets and assess the possible role of companion animals in

the epidemiology of campylobacteriosis.
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2. Methodology

Retail food survey

Retail food samples were collected on a monthly basis over a 20-month period between March 2001 and
October 2002. The samples were purchased from a range of supermarkets and butchers shops in three
population centres, namely Dublin, Galway and Belfast. Typically, 20-30 samples from each city were
purchased every month and forwarded to the Veterinary Public Health and Food Safety Laboratory in the
Faculty of Veterinary Medicine, University College Dublin (UCD). A range of food sample types were collected
during this period including: chicken, duck, turkey, lamb, pork, beef, seafood (oysters and mussels), raw bulk
tank milk, mushrooms, pork paté, pork puddings, unpasteurised cheese, vegetables/salads, and pre-packed
sandwiches. All samples were transported to Dublin in insulated cooler bags containing ice packs and were

delivered to, and processed in, the UCD laboratory within 24 hours of purchase.

Clinical isolate collection

Campylobacter isolates were obtained from the collaborating Public Health Laboratories in Dublin, Belfast
and Galway and transported to the Veterinary Public Health and Food Safety Laboratory in UCD between
March 2001 and October 2002. Isolates were transported to the laboratory on Amies medium transportation

swabs (Copan Innovation, Italy).

Microbiological analysis and speciation of isolates

On arrival at the laboratory, all food samples and clinical isolates were assigned identification numbers and
logged together with sample details and date of arrival. For all solid foods, including meat and poultry, 10g
from each sample was aseptically removed using sterile scissors and forceps, placed in 9oml volumes of
Preston broth (Mast Diagnostics, UK and Oxoid, UK) in sterile plastic bags and processed for 1 minute in a
stomacher (Lab Blender 400, Seward Medical, UK). The homogenised samples were transferred to sterile
plastic disposable 100ml universal containers and additional broth was added, as required, in order to
minimise headspace between the liquid and the container lids. Liquid food samples, including raw milk and
yogurts, were selectively enriched by adding 5oml volumes of sample to sterile sample bottles containing an

equal volume of double strength Preston broth.

Preston broths were prepared in accordance with the formulation developed by Bolton and Robertson (1982)
and included growth and antimicrobial selective supplements as well as 5% v/v lysed horse blood. Following
initial processing in a stomacher, all samples were selectively enriched in the Preston broths for 48 h at 42°C

+1°C. All enriched samples were subsequently subcultured on to selective solid media, modified charcoal

safefood A COMPARATIVE STUDY OF THERMOPHILIC CAMPYLOBACTER ISOLATES OF CLINICAL, FOOD AND PET ORIGIN | 11



cefoperazone deoxycholate agar (mCCDA, Mast Diagnostics, UK and Oxoid, UK). The mCCDA plates were
incubated for 48 h at 42°C £ 1°C under a microaerophilic atmosphere which was achieved using gas jars and
catalyst-free gas packs (Biomerieux, France). Suspect colonies on solid media were subcultured on to
Columbia blood agar containing 5% v/v horse blood which were again incubated for 48 h at 42°C £1°Cin a
microaerophilic atmosphere. Colonies were examined morphologically and Gram stained as presumptive
identification of positives. Final confirmation and speciation was carried out using the CampID biochemical
profiling system (Mast Diagnostics, UK) or a multiplex PCR assay as described by Wang et al. 2002. The
confirmation and identification of isolates was based on characteristic reactions for hippurate hydrolysis,
indoxylacetate hydrolysis and urease activity. The multiplex PCR assay was based on the simultaneous
amplification of the 23S rRNA from Campylobacter spp.; the hipO gene (hippuricase) from C. jejuni; the glyA
gene (serine hydroxymethyltransferase) from C. coli, C. lari, and C. upsaliensis; and the sapB2 gene

(surface layer protein) from C. fetus. The PCR amplicons were subjected to further confirmation and
characterization by digestion using a number of restriction endonucleases with cleavage sites within the

amplicon (Wang et al., 2002).

Phenotypic antimicrobial resistance profiling

When this study commenced, no standardised method for antimicrobial susceptibility testing was available
for campylobacters. Therefore, the antimicrobial resistance of isolates was determined using an agar disc
diffusion method based on a method recommended by the National Committee for Clinical Laboratory
Standards (NCCLS) (Anonymous, 2002d). Isolates were classified as resistant based on the diameters of zones
of inhibition observed on the plates. The classification criteria used for determining whether isolates were
resistant, intermediate or sensitive have been previously published for Enterobacteriaceae by the NCCLS
(Anon., 2002d). Campylobacter isolates were grown on Columbia agar (Oxoid, UK) containing 5% (v/v) lysed
horse blood incubated microaerophilically at 42°C for 48 hours. Cultures were prepared from a fresh
(nonfrozen), pure 48 hour culture diluted with sterile distilled water, to give an inoculum with an equivalent
cell density to a 0.5 McFarland turbidity standard, and then swabbed evenly onto agar plates and allowed to
dry. The following antibiotic discs were then applied to each agar plate: ampicillin (1omg), erythromycin
(1omg), tetracycline (3omg), ciprofloxacin (5mg), nalidixic acid (30mg), streptomycin (25mg), chloramphenicol

(1omg), and either trimethoprim (5smg) or ceftiofur (3omg) (Oxoid, UK).
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Isolation of Campylobacter from companion animals (pets)

Rectal swabs and faecal samples were taken from dogs and cats in two animal rescue shelters, one in Dublin
(Shelter 1) and the other in Belfast (Shelter 2). A total of 120 dogs and cats were sampled in Shelter 1, where
none of the animals were showing signs of gastrointestinal disease, except for one kitten. In Shelter 2, rectal
swabs were taken from 46 dogs. Signs of gastrointestinal disease were present in 47.8% of the dogs. Rectal
swabs were transported in tubes containing Amies transport medium (Copan, Italy) and cultured within 48
hours. Five different culture methods for Campylobacter spp. were used for rectal swab samples consisting of

direct plating and enrichment techniques (described in detail by Acke et al. 2005).

Genotypic profiling of Campylobacter isolates and clustering analysis

Pulsed Field Gel Electrophoresis (PFGE)
PFGE profiling of the human clinical, food and a selection of pet isolates was carried out using the

‘Campynet’ protocol as previously described (Anonymous, 2000c).

Flagellin (fla) Gene Typing
Standard protocols as devised by Nachamkin et al. (1993, 1996) and recommended by ‘Campynet’ were used

to carry out flagellin gene analysis.

Amplified Fragment Length Polymorphism Typing (AFLP)
Food and clinical Campylobacter isolates were typed using AFLP analysis protocols as previously developed

(Kokotovic and On, 1999; On and Harrington, 2000).

Both PFGE and fla typing were carried out in the Enteric Pathogen Research Laboratory in NUI Galway, while

the AFLP profiling was completed in the Food Microbiology Laboratory, Queen’s University Belfast.

All of the genoprofile and cluster analysis of isolates was carried out using Fingerprinting Il software, Version
3.0 (Bio-Rad Laboratories, Inc.). For the purposes of this study, all isolates clustering at 90% or greater were
considered indistinguishable. Clusters for PFGE and fla typing were defined as one or more isolates with

profiles distinguishable from other cohorts of isolates following analysis.
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3.

Results

3.1. Prevalence of Campylobacter in retail foods and raw milk

e Atotal of 2,391 food samples were tested for the presence of Campylobacter spp. over a 20-month sampling

period between March 2001 and October 2002. Samples were purchased from retail outlets in Dublin, Belfast

and Galway. A summary of Campylobacter prevalences in the foods sampled is presented in Table 1.

Table 1: Prevalence of Campylobacter in a range of retail foods sampled in three population centres on the island of
Ireland between March 2001 and October 2002.

Food
category
Chicken
Duck
Turkey
Lamb
Pork
Beef
Seafood®
Raw milk
Mushrooms
Pork paté
Pork pudding
Unpasteurised

cheese

Vegetables/
salad

Sandwiches

Total no.
samples

Dublin
207/376

(55)
8/18
(44.4)
12/24
(50)
14/100
(14)
6/101
(5.9)
2/103
(1.9)
3/m7
(2.5)
0/10
(0)
1/90
(1.1)
1/53
(1.8)
0/19
(0)
0/62
(0)
0/46
(0)
0/20
(0)
139

Sampling location
Belfast

104/222

(46.8)
3/6
(50)

17/54

(31.4)
7/82
(8.5)
2/73
(27)

4/83
(4-8)

1/52
(1.9)

0/77
(0)
0/42
(0)

691

Galway

133/292%
(45.5)

4/10
(40)
10/80
(12.5)

2/23
(8.6)

1/35
(2.8)

Campylobacter
spp. isolated

376 C. jejuni (84.7)
68 C. coli (15.3)

9 C. jejuni (81.8)
2 C. coli (18.2)

28 C. jejuni (84.8)
5 C. coli (15.2)

27 C. jejuni (87.1)
4 C. coli (12.9)

1 C. jejuni (10)
9 C. coli (90)

6 C. jejuni (85.7)
1C. coli (14.3)
3 C. jejuni (100)
1C. coli (100)

2 C. jejuni (100)

1C. jejuni (100)

453 C. jejuni (83.4)

90 C. coli (16.6)

Prevalence

444/890
(49.9)
11/24
(45.8)
33/88
(37.5)
31/262
(n.8)
10/197
(5)
7/221
(3-2)
3/129
(23)
1/62
(1.6)
2/217
(0.9)
1/120
(0.8)
0/23
(0)
0/66
(0)
0/62
(0)
0/30
(0)

543/2,391

Results are expressed as the number of Campylobacter positive samples/total number of samples analyzed with % samples positive in parentheses.

"2 Different superscripts denote statistical significance between population centres (P <0.05).

3Seafood samples comprised oysters and mussels.
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3.2. Speciation of human clinical Campylobacter isolates

e Atotal of 326 human clinical isolates were collected from the collaborating Public Health Laboratories
during the period 2001-2003. A breakdown of species (where available) for these isolates from the three
population centres is provided in Table 2. Overall, Campylobacter jejuni accounted for 95.9% of isolates,

with Campylobacter coli accounting for the remaining 4.1% of clinical isolates.

Table 2: Speciation of Campylobacter clinical isolates and gender distribution of human cases.

Dublin Belfast Galway Total
(n=101) (n=168) (n=48) (n=317)
Species:
C. jejuni 101/101 (100) 156/168 (92.9) 47/48 (97.9) 304/317 (95.9)
C. coli 0/101 (0) 12/168 (7.1) 1/48 (2.1) 13/317 (4.1)
Sex:
Male 244/101 (43.6) b63/115 (54.8) - 107/216 (49.5)
Female 57/101 (56.4) 52/115 (45.2) - 109/216 (50.5)

Results are expressed as the number positive/total number of isolates tested with % samples positive in parentheses.
ab penotes statistical significance when geographical locations were compared (P < 0.05).

- =no data available.

e Data pertaining to the gender of patients from which isolates were recovered are also presented in Table
2. Overall, clinical isolates collected during this study affected approximately equal proportions of males
and females. However, there appears to be some geographical variation with 43.6% of males affected in
Dublin compared with 54.8% in Belfast, whereas the reverse was the case for females - Dublin 56.4%
compared with 45.2% in Belfast.

 Overall, the highest prevalence of campylobacteriosis occurred in the 21-30 year old age group (25.9%).
Other age groups where high numbers of cases occurred were in the 31-40 (17.6%), 0-5 (14.1%) and 41-50

(13.2%) year old age groups.

safefood A COMPARATIVE STUDY OF THERMOPHILIC CAMPYLOBACTER ISOLATES OF CLINICAL, FOOD AND PET ORIGIN | 15



3.3. Phenotypic antimicrobial resistance profiles of food and clinical
Campylobacter isolates

e The antimicrobial resistance profiles of Campylobacter isolates obtained from food and human clinical
cases during 2001 and 2002 are compared in Figure 1. Similar trends in antimicrobial resistance were

observed in isolates from the two sources.

100 7 B Food isolates
90 Clinical isolates
80
=)
c
8 707
2
§ 60
w
2 50 7
5
2 40
s
30
R
20
. H ' W
0 T . T T T T T . T T 1
AMP ERY TET CIp NAL STR CHL TRI CEF

Antimicrobial

Figure 1: Comparison of the antibiotic resistance profiles of Campylobacter isolates of food and human clinical origin:
AMP = ampicillin, ERY = erythromycin, TET = tetracycline, CIP = ciprofloxacin, NAL = nalidixic acid, STR = streptomycin, CHL
= chloramphenicol, TRI = trimethoprim, CEF = ceftiofur.

e Extremely high numbers of both food and clinical isolates were resistant to trimethoprim, with greater
than 90% of isolates recovered in 2001 from both sources found to be resistant. This may have resulted
from interference by blood contained in the agar with resistance profiles of isolates tested using this
antimicrobial. As a consequence, it was decided to replace this antimicrobial with ceftiofur for isolates
screened during 2002 (n=253). Overall, 64.4% of both food and clinical isolates were resistant to ceftiofur.

« Alarge number of food isolates were resistant to a range of the antimicrobials tested. Relatively high
levels of resistance were also observed for ampicillin (24.5%), tetracycline (11.9%), nalidixic acid (13.9%)
and ciprofloxacin (14.4%). Lower prevalences of resistant isolates were observed when screened using

erythromycin (6.3%), streptomycin (9.1%) and chloramphenicol (7.8%).
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Considerable resistance was also observed among human clinical isolates to several of the antimicrobials
tested. A total of 17.2% of isolates were resistant to ampicillin, 13.5% to ciprofloxacin, 16.9% to nalidixic acid,
11.0% to tetracycline and 98.6% and 64.4% resistant to trimethiprim and ceftiofur, respectively. Lower
frequencies of resistance were found in isolates to erythromycin (7.4%), streptomycin (9.8%) and
chloramphenicol (5.2%).

A considerable number of isolates of both food and human origin were found to be resistant to more than

one antimicrobial: 323 (81.2%) strains of food origin and 304 (93.2%) strains isolated from humans (Figure 2).

70 7 B Food isolates

Clinical isolates
60

50 7

% of isolates

20

o | | [ T
0 1 2 3

4 5 6 7 8

No. of antimicrobials isolates resistant to

Figure 2: Prevalence of multi-drug resistance in Campylobacter isolates of food and human origin collected between 2001
and 2003 on the island of Ireland.

Overall, 39 food isolates (9.9%) and 30 clinical isolates (9.2%) were found to be resistant to 4 or more
antimicrobials. Small numbers of both food (12/395) and clinical isolates (7/304) were resistant to 7 or 8 of
the antimicrobials tested.

Some variations in antimicrobial resistance profiles were observed between the three geographical locations
studied. For example, significantly lower levels of resistance to nalidixic acid were observed in food isolates
originating from Galway (9.5%) when compared to corresponding isolates from either Belfast (19.1%) or
Dublin (14.3%) (P <0.05). A significantly higher proportion of Dublin food isolates (13.1%) were resistant to
streptomycin compared with either those recovered from Belfast (6.4%) or Galway (5.6%) samples (P <0.05).
These differences in resistance based on geographical location were not observed in human clinical isolates
with the exception of tetracycline, where the number of resistant isolates from Dublin and Galway were

significantly higher than corresponding strains from Belfast (P <0.05).
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3.4. Analysis of genotypic profiles

* In total 600 Campylobacter isolates originating from both humans and foods were collected for genotypic
characterisation over the duration of the study. Of these, 453 (308 food isolates and 145 human clinical
isolates) were successfully genotyped using flagellin gene analysis (fla), Pulsed Field Gel Electrophoresis
(PFGE) and Amplified Fragment Length Polymorphism (AFLP) profiling techniques. It did not prove
possible to successfully genotype 147 of the 600 isolates due to either the existence of mixed or co-
cultures (n=40), failure to resuscitate a number of isolates from frozen storage (approximately 60
isolates), or the failure of a number of isolates to provide acceptable patterns.

e A comprehensive database containing AFLP, PFGE and fla profiles was set up combining information
generated by each of the collaborating laboratories. Genoprofiling and cluster analysis of isolates was
carried out using Fingerprinting 1l software, version 3 (Bio-Rad Laboratories, Inc.). For the purposes of this

study, all isolates clustering at 90% or greater were considered indistinguishable.
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3.5. Similarity between Campylobacter strains isolated from food and human clinical
cases (Cluster analysis)

e Figure 3 summarises the distribution of food and human clinical isolates within clusters formed when
results of four different typing approaches were analysed. Fla (Hinf), Fla (Dde), Fla (Hinf and Dde
composite) and PFGE typing resulted in 69, 183, 182 and 257 clusters of isolates, respectively. The number

of isolates within clusters ranged from 1 to 258 isolates.
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Figure 3: Distribution of food and human clinical isolates within clusters obtained by four different molecular
typing methods.

» When PFGE, the most discriminative typing method, was used 28.3% (41/145) clinical isolates and 28.9%
(89/308) food isolates clustered together into 21 different clusters.
e AFLP analysis proved to be relatively quick and highly discriminatory, but its reproducibility with C. jejuni

requires more investigation before it could be recommended as a routine analytical technique.
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3.6. Prevalence of Campylobacter in companion animals

e Culture of rectal swabs yielded a Campylobacter spp. isolation rate of 51.1% in dogs and 75% in cats in

Shelter 1in Dublin (Table 3).

Table 3: Prevalence of Campylobacter spp. in rectal swabs and faecal samples from dogs and cats in Shelter 1
located in Dublin.

Animals tested Prevalence

Rectal Swabs Faeces
Dogs < 6 months old 14/20 (70%) 1/1 (100%)
Dogs > 6 months old 10/27 (37%) 9/14 (64.3%)
Total 24/47 (51.1%) 10/15 (66.7%)
Cats < 6 months old 22/25 (88%) 4/10 (40%)
Cats > 6 months old 14/23 (60.9%) -
Total 36/48 (75%) 4/10 (40%)

e There was a significant correlation of age and species associated with the recovery of campylobacters.
Dogs and cats younger than six months had a higher isolation rate of Campylobacter spp. and cats had a
significantly higher prevalence than dogs (P <0.05, Chi square test).

e In Shelter 2 in Belfast, an overall prevalence of Campylobacter spp. of 87% was found in dogs (Table 4),

however, there was no statistically significant difference between the age groups (P <0.05).

Table 4: Prevalence of Campylobacter spp. in rectal swabs from dogs in Shelter 2 located in Belfast.

Animals tested Prevalence
Rectal Swabs
Symptomatic dogs < 6 months old 9/9 (100%)
Symptomatic dogs > 6 months old 10/13 (76.9%)
Total 19/22 (86.4%)
Asymptomatic dogs < 6 months old 5/5 (100%)
Asymptomatic dogs > 6 months old 16/19 (84.2%)
Total 21/24 (87.5%)
Dogs < 6 months old 14/14 (100%)
Dogs > 6 months old 26/32 (81.3%)
Total 40/46 (87%)
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e The prevalence of Campylobacter spp. in symptomatic dogs compared to asymptomatic dogs was similar
with 86.4% and 87.5% of animals infected, respectively.

e Atotal of 20 Campylobacter isolates from dogs and cats were genotyped. The genotypic profiles
generated were added to the food and human clinical isolate database and cluster analysis was carried
out to assess the level of association, or the degree of similarity, between Campylobacter isolates from
pets and humans.

e Fla (Hinf), Fla (Dde), Fla (Hinf and Dde composite) and PFGE typing resulted in a total of 26, 77, 73 and 119
clusters of isolates, respectively. The number of isolates within these clusters ranged from 1to 84
isolates.

e Figure 4 summarises the distribution of pet and human clinical isolates within clusters when the results
of four different typing approaches were analysed. PFGE profiling, the most discriminative typing
method, demonstrated that none of the 20 pet isolates shared similar genoprofiles with any of the 145

human clinical isolates analysed.
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Figure 4: Distribution of pet (n=20) and human clinical isolates (n=145) within clusters obtained by four different
molecular typing methods.
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4.

Discussion and Conclusions

Campylobacter and foods

A wide range of retail foods was screened for the presence of Campylobacter. Overall, 543 of the 2,391 food
samples tested were found to be contaminated with the organism. The most prevalent species recovered
from food samples was C. jejuni (83.4%). The remaining 16.6% of isolates were identified as C. coli. With the
exception of raw chicken, no significant differences in the prevalence of Campylobacter were observed

between Dublin, Belfast and Galway for any of the foods of animal origin examined.

Poultry samples were most frequently contaminated with Campylobacter with mean isolation rates from the
three population centres of 49.9%, 37.5% and 45.8% from broiler, turkey and duck samples, respectively. All
of the poultry samples purchased were domestically produced on the island of Ireland. Isolation rates of
Campylobacter in chicken samples from Galway were significantly lower compared to Dublin samples (P <
0.05). A previous UK Food Standards Agency survey found that 77% of retail poultry carcasses in NI were
contaminated with Campylobacter (Anonymous, 2001). In a Food Safety Authority of Ireland study, 53% of
raw poultry samples in the ROl were Campylobacter-positive (Anonymous, 2002b). These findings are in close

agreement with the prevalences observed on raw retail poultry sampled for the current study.

Campylobacter jejuni was the most prevalent species identified from poultry samples with 84.7%, 84.8% and
81.8% of isolates recovered from chicken, turkey and duck, respectively. All of the remaining isolates from
these samples were identified as C. coli. This finding is in agreement with previous studies reporting
prevalences of C. jejuni on raw poultry ranging from 80% to 98% (Kwiatek et al., 1990; O’Sullivan et al., 2000;

Nielsen et al., 1997; Jorgensen et al., 2002).

Campylobacter was recovered at lower prevalences in retail meat samples from other food animal species,
with isolations of 3.2% (beef), 5.1% (pork) and 11.8% (lamb) observed. Campylobacter jejuni was the most
prevalent Campylobacter species recovered from beef and lamb samples with 85.7% and 87.1% of isolates
confirmed as C. jejuni, respectively. The remaining isolates recovered from these samples were confirmed as
C. coli. Conversely, the dominant species observed in retail pork samples was C. coli (90%) with the

remainder of isolates confirmed as C. jejuni (10%).

Some processed ready to eat foods of animal origin were examined, including pork patés and puddings.
From these, Campylobacter was recovered from a single jar of paté out of 120 sampled (0.8%). No viable

Campylobacter was recovered from pork-based puddings (a comminuted pork product also containing grain
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and dry seasonings). Pigs and pork carcasses have been recognised as a reservoir for Campylobacter,
particularly C. coli. Madden et al. (2000) recovered Campylobacter from 100% of postmortem anal swabs from
pigs in NI, while Nielsen et al. (1997) reported a prevalence of 46% in pig faeces. Other studies have reported
varying levels of Campylobacter isolation from pork, ranging from 0% to 56% (Epling et al., 1993; Zanetti et
al., 1996; Ono and Yamamoto, 1999; Pezzotti et al., 2003). The dominant Campylobacter species isolated from

pork previously was C. coli, which is in agreement with the current study.

The prevalence of Campylobacter in beef samples was relatively low at 3.2%. Other studies have also
demonstrated low prevalences in beef, with 0%, 0.9%, and 1.3% isolated by Ono and Yamamoto (1999),
Kwiatek et al. (1990), and Pezzotti et al. (2003), respectively. In the present study, 11.8% of retail lamb
samples were found to be Campylobacter-positive; these levels are higher than previously reported data
(Edwards, 1999; Raji et al., 2000). Higher prevalences may have resulted from cross-contamination during
boning and packing, particularly in small butcher shops where there may have been closer proximity to meat

from other food animal species.

A total of three shellfish samples were found to be positive for Campylobacter, which corresponded to 2.3%
of the raw samples screened in this food category. The seafoods examined in our study were all raw
specimens and do represent a significant risk to public health as shellfish, in particular oysters, are often
consumed raw. All three isolates were subsequently confirmed as C. jejuni and all were found in raw oysters,
with no Campylobacter organisms detected in any of the other seafoods tested. The consumption of
contaminated shellfish has been implicated in foodborne illness (Abeyta et al., 1993). Higher prevalences of
Campylobacter to those obtained in the current study have been reported previously in shellfish. In a report
from NI, Wilson and Moore (1996) found Campylobacter in 42% of shellfish tested. It would appear that the
levels of contamination in shellfish are directly associated with the microbiological quality of waters in

which shellfish are cultured and harvested.

A low prevalence of Campylobacter was also observed in retail mushrooms with two samples found to be
positive from 217 batches sampled (0.9%) which contrasts with the findings of McMahon and Wilson (2001),
who did not recover the organism from fresh organic mushrooms. Both mushroom Campylobacter isolates
recovered in the current study were confirmed as C. jejuni. Again, the prevalence of campylobacters in

mushrooms could represent a risk to public health as they are sometimes consumed without cooking.
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Transmission of Campylobacter infections to humans via the consumption of raw milk is acknowledged with
numerous outbreaks and cases previously reported (Finch and Blake, 1985; Hargrett-Bean, et al., 1988).
Campylobacter was detected in one bulk tank raw milk sample out of a total of 62 examined (1.6%) in this
study. The isolate was speciated as C. coli. Previous studies have also recovered Campylobacter from raw milk
with prevalences of up to 12.3% reported (Humphrey and Hart, 1988, Rohrbach et al., 1992). In Ireland, all
retail liquid milk must be pasteurized as a minimum heat treatment. Therefore, most of the public would
not be exposed to contaminated raw milk. However, the consumption of raw milk by farm families is still

widespread and could pose a potential risk to public health.

Campylobacter was not isolated from ready-to-eat retail sandwiches, prepared salads and vegetables or
cheeses made from unpasteurised milk. These foods would be unlikely to be contaminated with
Campylobacter unless they acquired the organism during preparation as a result of cross-contamination.
Previous studies have also failed to detect Campylobacter in vegetables and unpasteurised cheeses

(McMahon and Wilson, 2001; Allmann et al., 1995).

No apparent pattern in the seasonality of Campylobacter prevalences was observed in this study. Prevalences
found in chicken sampled in Dublin, Galway and Belfast varied greatly between seasons and ranged from
28.5% t0 70.4%. In Europe, it is recognised from public health surveillance data that the numbers of human
campylobacteriosis cases peak during the summer months (Altekruse et al., 1999; Sopwith et al., 2003).
Furthermore, other studies have shown an increase in the prevalence of infected live broiler flocks during
these months (Altekruse et al., 1994). In the current study, seasonal peaks were not observed in retail
chicken samples. It is suggested that the effect of seasonality observed in live birds may have been negated
as a result of extensive cross-contamination during slaughter and processing, resulting in irregular and

frequently high levels of positive samples year round.

In conclusion, a high prevalence of Campylobacter was found in retail foods of animal origin from the three
population centres on the island of Ireland. In particular raw poultry meat was most frequently
contaminated with Campylobacter spp. However, other foods also represent a lower but potentially
significant source of Campylobacter in the food chain, particularly, other meats (including beef, lamb and

pork), shellfish and raw milk.
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Antimicrobial resistance of campylobacters of human clinical and food origin

Although most human clinical cases of campylobacteriosis are self-limiting, antimicrobial therapy is
occasionally necessary to treat severe or recurrent infections. Erythromycin is normally the favoured
antimicrobial where chemotherapy is required, with fluoroquinolones such as ciprofloxacin also used to a
lesser extent. As a result, surveillance of resistance among Campylobacter populations of both food and

human origin to clinically relevant antimicrobials is important in terms of public health protection.

High prevalences of antimicrobial resistance were observed among both human clinical and food
Campylobacter isolates. Overall, similar resistance patterns were observed to the range of antimicrobials
tested in the two groups of isolates (food and clinical). The highest levels of resistance for both food and
human clinical isolates were observed for trimethoprim and ceftiofur. A total of 92.4% and 98.6% of food
and clinical isolates, respectively, were resistant to trimethoprim. Overall, 64.4% of both food and clinical

isolates were resistant to ceftiofur.

Some variations in resistance profiles were observed between the geographical locations studied. For
example, significantly lower levels of resistance to nalidixic acid were observed in food isolates originating
from Galway (9.5%) when compared to corresponding isolates from either Belfast (19.1%) or Dublin (14.3%)
(P =0.05). A significantly higher proportion of Dublin food isolates (13.1%) were resistant to streptomycin
compared with either those recovered from Belfast (6.4%) or Galway (5.6%) samples (P < 0.05). These
differences in resistance based on geographical location were not observed in human clinical isolates with
the exception of tetracycline, where the number of resistant isolates from Dublin and Galway were

significantly higher than corresponding strains from Belfast (P <0.05).

A wide variation in antimicrobial resistance profiles was observed for food isolates originating from different
food animals. Overall, Campylobacter isolates from both poultry and pork samples demonstrated a higher
and broader spectrum of resistance to the antimicrobials tested in this study than those from beef or lamb.
This could be a result of differences in production systems and husbandry practices applied to produce these
food animals. The intensive high throughput systems used to produce both pigs and poultry may result in
an increased necessity to medicate animals to treat infectious diseases, thereby exerting increased selective
pressures on enteric pathogens, including Campylobacter. Also the high stocking densities associated with
poultry and pig production systems may also facilitate the dissemination of these organisms within and

between flocks/herds.
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The current surveillance highlighted the prevalence of multi-drug resistant (MDR) campylobacters in food
and clinical populations. For example, a relatively high proportion of food isolates were resistant to between
3 and 8 of the antimicrobials tested. Similar trends in MDR isolates of clinical origin were also observed. This
phenomenon may be a result of the promiscuous nature of campylobacters and their ability to incorporate
extraneous sequences of DNA into their genome. Another possible mechanism is the presence of an energy
dependant efflux system, Cme ABC, and this has been implicated as a mechanism of resistance for multi-

resistant Campylobacter.

Campylobacter and companion animals

This study demonstrated that high rates of intestinal carriage of Campylobacter are common in both cats
and dogs. Furthermore, the study showed that there is a relationship between the enteric prevalence of
these organisms and the age of companion animals with young kittens and puppies more susceptible to
colonisation by this organism than older animals. The isolation rates in the present study were high with a
prevalence of 51.1% (24/47) in dogs and 75.0% (36/48) in cats in Shelter 1 (located in Dublin) and 87.0%
(40/46) in dogs in Shelter 2 (located in Belfast).

Comparative analysis of food, clinical and pet Campylobacter isolates

By applying several fingerprinting techniques, the current study has identified a number of interesting
findings pertaining to the relationships between Campylobacter populations found in humans, foods and
companion animals on the island of Ireland. It is concluded that the extent of these associations or levels of
similarity between isolates is dependent on the typing techniques applied. For instance, it was observed that
flagellin (fla) gene typing was the least discriminative of the techniques used while both PFGE and AFLP
allowed for a more detailed and discriminative comparison to be made. On analysis of the typing patterns
using the Bionumerics software and evaluation of the comparative dendrograms produced from isolates of
food and human clinical origin, it was consistently observed that there is a high level of diversity within and
between populations of Campylobacter. This extensive strain diversity found within both foods and humans
makes it difficult to identify predominant vehicles of infection. It also suggests that the epidemiology of
Campylobacter in food animal production systems is highly complex and multifaceted. Furthermore, the

degree of heterogeneity suggests that there are multiple reservoirs in the environment and food chains
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responsible for the infection of food animals and humans. The high level of diversity observed may also in
part be explained by the high evolutionary rate of genomic DNA acquisition and deletions in
campylobacters. However, it was found that a considerable number of both food and human clinical isolates
produced indistinguishable profiles, which implicates foods, and in particular poultry, as a significant

vehicle in the transmission of Campylobacter to humans.

The extent of overlap or degree of similarity between pet and human Campylobacter isolates was also
dependent on the typing method employed. Extensive multi-isolate clustering composed of both pet and
food isolates was observed when fla (Hinf) typing was applied, however, substantially lower level of mixed
clusters were observed when fla (Dde) or combined Hinf and Dde analyses were compared. No mixed clusters
containing indistinguishable strains of both human and pet isolates were observed when the more
discriminative PFGE typing method was applied. This may be a result to some extent of the low numbers of
pet isolates typed during this study. Direct contact between carrier animals and humans is a potential route
of infection with Campylobacter, however, the results of this study strongly indicate that pets play a less

significant role in the epidemiology of campylobacteriosis than consumption of contaminated foodstuffs.
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5. Summary of Key Findings

e Campylobacter was found to be a common contaminant of poultry (chicken 49.9%, turkey 37.5% and
duck 45.8%) in the three population centres studied (Dublin, Belfast and Galway), with lesser isolation
rates from beef (3.2%), pork (5.1%), lamb (11.8%), pork paté (0.8%), oysters (2.3%), mushrooms (0.9%) and
raw milk (1.6%).

« Campylobacter jejuni was the most prevalent species (83.4%) in all foods except pork where C. coli
predominated.

e C.jejuniwas also the most prevalent species (95.9%) isolated from human cases of campylobacteriosis in
the three population centres.

e PFGE proved to be a more discriminative genotyping method for Campylobacter than flagellin gene
(fla) typing.

e Genotyping by PFGE followed by cluster analysis using Fingerprinting Il software (BioRad Laboratories, Inc.)
revealed that 28.3% of human clinical Campylobacter isolates and 28.9% of food isolates shared common
genotypic profiles, which demonstrates the significant role food, and in particular poultry products, plays
in the epidemiology of Campylobacter infection in humans.

e Similar trends in antimicrobial resistance were observed for food and human clinical Campylobacter
isolates.

e Multi-drug resistance was observed amongst both food and clinical Campylobacter isolates, with 81.2% of
food isolates and 93.2% of human clinical isolates found to be resistant to more than one of the nine
antimicrobials studied.

e High Campylobacter carriage rates were observed in dogs and cats at two animal shelters in Dublin and
Belfast. Young dogs and cats (< 6 mths), in particular, had high isolation rates of Campylobacter.

e Campylobacter isolates from dogs and cats did not cluster with any of the human clinical isolates when
typed by PFGE, the most discriminative of the typing methods. This suggests that cats and dogs play a less

significant role in the transmission of Campylobacter to humans than food.
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Peer-reviewed scientific publications arising from this project
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Fanning, J.D. Collins, P. Whyte. (2006) Antibiotic resistance of retail food and human Campylobacter isolates
on the island of Ireland from 2001-2002. Epidemiology and Infection, in press.
Potential research papers identified by researchers:

() Ananalysis of AFLP patterns for all isolates of food origin

(i) An analysis of AFLP patterns for all isolates of clinical origin

(iii) A comparative analysis of AFLP patterns for all food and clinical isolates

(iv) A comparative analysis of PFGE and fla patterns for all food and clinical isolates

(v) Alongitudinal study investigating the occurrence of clinical and food strains within and between

population centres over time

(vi) An evaluation of methodologies used to isolate, speciate and genetically characterise

campylobacters from foods and humans based on observations from this study.
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