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SUMMARY

Campylobacter jejuni is responsible for most foodborne bacterial infections worldwide including
Australia. The aim of this study was to investigate a combination of typing methods in the
characterization of C. jejuni isolated from clinical diarrhoeal samples (n = 20) and chicken meat
(n= 26) in order to identify the source of infection and rank isolates based on their relative risk
to humans. Sequencing of the flaA short variable region demonstrated that 86% of clinical
isolates had genotypes that were also found in chicken meat. A polymerase chain reaction binary
typing system identified 27 different codes based on the presence or absence of genes that have
been reported to be associated with various aspects of C. jejuni pathogenicity, indicating that not
all isolates may be of equal risk to human health. The lipooligosaccharide (LOS) of the C. jejuni
isolates was classified into six classes (A, B, C, E, F, H) with 10·4% remaining unclassified. The
majority (72·7%) of clinical isolates possessed sialylated LOS classes. Sialylated LOS classes were
also detected in chicken isolates (80·7%). Antimicrobial tests indicated a low level of resistance,
with no phenotypic resistance found to most antibiotics tested. A combination of typing
approaches was useful to assign isolates to a source of infection and assess their risk to humans.
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INTRODUCTION

Campylobacter spp. are recognized as the leading cause
of foodborne bacterial enteritis in Australia with 90%
of campylobacteriosis caused by C. jejuni [1, 2].
Point-source infectionhas been associatedwith exposure
to various vehicles including red meat, poultry, water,
milk and eggs [2, 3]. In Australia, campylobacteriosis is
generally sporadic in nature and outbreaks have

rarely been reported [2]. Despite the self-limiting
nature of infection, antibiotic-resistant Campylobacter
strains have been implicated in severe diarrhoea [4].
Fluoroquinolones and macrolides are used commonly
for treatment of campylobacteriosis [5]. The increasing
prevalence of fluoroquinolone-resistant Campylobacter
isolates has been associated with the use of fluoroquino-
lones in food-producing animals particularly in poultry,
suggesting transmission of resistance through the food
chain to humans [6].

Furthermore, C. jejuni produces a cell surface struc-
ture termed lipooligosaccharide (LOS) and exhibits
variation in the LOS outer core [7]. LOS plays an essen-
tial role in invasion of epithelial cells, evading immune
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response, and triggering Guillain–Barré syndrome
(GBS) and Miller Fisher syndrome (MFS) [7].
Structural mimicry between sialylated LOS in the cell
wall of C. jejuni and the human gangliosides in periph-
eral nerve tissue is thought to be essential in triggering
the production of autoantibodies against human gang-
liosides [7]. Nineteen LOS loci classes have been iden-
tified [7]. Sialylated LOS classes (A, B, C) are
ganglioside mimics [7]. In a polymerase chain reaction
(PCR)-based study, Parker et al. [8] found that all
GBS-associated C. jejuni and 64% of clinical (36 iso-
lates) and environmental (13 chickens, 1 goat, 4 tur-
keys, 2 cows, 1 lamb) isolates belonged to sialylated
LOS classes. Additionally, Godschalk et al. [9] showed
that 62% of 21 isolates associated with enteritis-related
C. jejuni possessed LOS classes A, B or C. To the best
of our knowledge, the distribution of LOS classes from
clinical and chicken-derived Campylobacter in
Australia is unknown. In addition, the variability in
sialylated LOS loci and its correlation with clinically
associated strains has not been explored.

Several case-control studies have identified consump-
tion of poultry contaminated withC. jejuni as the major
cause of gastroenteritis in humans in Western countries
including Australia [2, 6, 10]. LOS class variation in C.
jejuni plays an important role as a major risk factor in
human campylobacteriosis [11]. A plethora of methods
have been utilized to discriminate between isolates, de-
termine the prevalence of antimicrobial resistance
(AMR), assess the risk of the strain to human health
and infer the potential LOS structure associated with
human illness. Each method has advantages and disad-
vantages depending on the purpose of the study [12].

In this study we characterized Campylobacter isolates
from an epidemiologically linked cluster derived from
clinical and chicken sources using PCR binary typing
(P-BIT), flagellin A short variable region (flaA-SVR),
AMR, and LOS. These isolates were then compared to
non-epidemiologically linked isolates derived from
chicken sources. Such information, will further our
understanding of the population structure, genes impli-
cated inpathogenicity, andAMRofAustralianC. jejuni.

MATERIALS AND METHODS

Isolate collection

A total of 48 C. jejuni isolates from clinical and poultry
origin, previously characterized using flaA-restriction
fragment length polymorphism (RFLP) by the
Queensland Public Health Microbiology Laboratory,

Department of Health during a public health investiga-
tion, were included in this study. Of these 48 isolates, a
total of 22 were isolated from different patients who suf-
fered diarrhoeawith orwithout blood and/or abdominal
pain and/or fever (age range 2–78 years). The stool
samples were routinely collected and sampled for
Campylobacter by Public Health Microbiology labora-
tories between May and October 2011. Cases were
spatially and temporally related and case-series investi-
gations could not identify any common risk factors or
exposures other than history of chicken consumption
during the week before onset of illness. Isolates from
two regions in Australia were included in the study.
Region 1 is defined as the area with the ongoing
(2011–2012) high incidence of campylobacteriosis
cases causing concern to public health authorities,
hence termed the outbreak region [approximately
180% above the 5-year mean (A. V. Jennison, personal
communication)] and identified as having a single
major chicken supplier. Region 2, geographically dis-
tinct from region 1, was not associated with any increase
in campylobacteriosis prevalence and was supplied by
numerous other poultry processors. Clinical isolates
were obtained only from the outbreak region (region
1). Twenty-six isolates (15 isolates from outbreak region
1 and 11 isolates from the non-outbreak region)were iso-
lated from raw chickenmeat collected between June and
November 2011 (during the outbreak period in region 1)
by staff at Queensland Public Health from suppliers and
retailers within the two regions in Australia.

Growth conditions and DNA extraction

Isolates were subcultured on charcoal cefoperazone
deoxycholate agar (CCDA) (without antibiotics)
(Oxoid, UK) at 42 °C for 48 h under 5% CO2. The iso-
lates were stored at -80 °C in Protect bacterial preser-
vers (Technical Service Consultants Ltd, UK).

For DNA extraction, a loopful of bacteria was resus-
pended in 10 ml Nutrient Broth No. 2 (Oxoid, UK)
and incubated at 42 °C for 48 h under 5% CO2.
Campylobacter cultures were transferred to 10 ml of
Nutrient Broth No. 2 in a 10 ml centrifuge tube and
incubated at 42 °C for 48 h under 5% CO2. A 1 ml ali-
quot was centrifuged at 13 000 g for 3 min, resuspended
in 200 μl TE buffer (10 mM Tris–HCl and 1 mM

EDTA; pH.8), boiled for 10 min in a dry block heater
(Thermo Fisher Scientific, Australia) before centrifu-
ging at 13 000 g for 5 min. The supernatant was used
as the DNA template. For all LOS analysis DNA
was extracted using a genomic DNA purification kit

Campylobacter from humans and poultry 3499

https://doi.org/10.1017/S0950268815000886 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268815000886


(Promega, USA) following the manufacturer’s instruc-
tions and the DNA stored at 4 °C until required.
Confirmation of genus and species was determined by
a previously published PCR for the 16S rRNA gene
[13], and species-specific mapA and ceuE genes.

P-BIT of putative virulence genes

P-BIT was performed as previously described by
Cornelius et al. [14]. Briefly, the PCR reaction was
performed under the following conditions and para-
meters: denaturation for 5 min at 94 °C, followed by
40 cycles of amplification, denaturation for 1 min at
94 °C, annealing for 1 min at 59 °C, extension for 1
min at 74 °C and a final extension at 74 °C for 8
min using Applied Biosystems Veriti™ Thermal
Cycler (USA). The amplification mixture consisted
of 2 μl template DNA (0·5 or 20 ng), 1× Dream
Taq™ buffer (Thermo Fisher Scientific), 250 mM

dNTPs (Thermo Fisher Scientific), 0·02 mg/ml bovine
serum albumin (Sigma-Aldrich, USA), 12·5 pmol for-
ward and reverse primers of epidemicity gene markers
(GeneWorks; www.geneworks.com.au), and 1·25 U
Taq DNA polymerase (GeneWorks). The PCR pro-
ducts were resolved on 2% agarose gel for 40 min at
100 V and presence of bands of the anticipated size
for each target gene indicates a positive result.
Cj0008, 245 bp; Cj0122, 250 bp; Cj0265, 175 bp; panB
(Cj0298c), 150 bp; Cj0423, 148 bp; cfrA (Cj0755), 203
bp; Cj1135, 303 bp; Cj1136, 252 bp; wlaN (Cj1139),
252 bp; CJE1500, 545 bp; Cj1321, 249 bp; maf5/pseE
(Cj1337) 146 bp; gmhA2 (Cj1424) 450 bp; flgE2
(Cj1729c), 555 bp; CJE1733, 447 bp. For further data
analysis the results were loaded into Bionumerics version
6.5 (Applied Maths, Belgium) as binary data (0 for a
PCR-negative result and 1 for a PCR-positive result). A
similarity dendrogramwas produced using simplematch-
ing coefficient and unweighted paired-group method
with arithmetic mean values (UPGMA). The six figure
P-BIT code was generated as previously described [14].

Due to multiple bands being generated in the PCR
for two of the target genes, additional primers were
designed using Primer 3 [15] and analysed using the
same PCR conditions in P-BIT. Primer pairs targeting
the arsenic-resistant gene CJE1733were designed from
the genomic sequence of C. jejuni (Cam1733 F primer:
CATTTTCCCCAATATCGCTTT and Cam1733 R:
AAATCGCTCCATACCACCAC). Another primer
pair was designed to target the Cj1136 gene. The
Cj1136 gene in NCTC 11 168 was amplified using
the forward primer Cam1136 F: TGGTGGTTTAA

GTAGTGCTAGAAATG and the reverse primer
Cam1136 R: TACCACCCCAGCTAAACGAG.

flaA-SVR sequencing

PCR for flaA-SVR sequencing was performed on the
isolates according to the method of Meinersmann
et al. [16]. Amplified products (25 μl) were electrophor-
esed before purifying using the Promega SV (Promega,
USA) gel and PCR clean-up system in preparation for
sequencing. Each sequencing mix contained 10–25 ng
purified PCR product as measured spectrophotomet-
rically using a Nanodrop 1000 (Thermo Fisher
Scientific, Australia). Primers used for amplification
were diluted to 5 pmol and added to 5 μl of purified
DNA before submission to Macrogen (Korea) for
sequencing. Based on the Campylobacter flaA-SVR
database (http://pubmlst.org/campylobacter/flaA), the
flaA-SVR allele number and peptide number were
assigned to each isolate.

LOS classification and sequencing.

Previously published PCR primers were used to assign
C. jejuni isolates into LOS classes [8, 17]. In this study,
isolates were assigned to specific LOS classes based on
the presence or absence of the 16 LOS biosynthesis
genes and on the size of the LOS locus, as demon-
strated by others [8, 17].

AMR

For Campylobacter spp. from both clinical and animal
sources, the criteria for antimicrobial susceptibility test-
ing and the assessments of the cut-off values are not stan-
dardized internationally, so in this study, breakpoints
established by Clinical and Laboratory Standards
Institute (CLSI) were used when available [18].
Otherwise National Antimicrobial Resistance Moni-
toring System (NARMS) criteria were utilized [19].

To determine the minimum inhibitory concentration
(MIC) of each antimicrobial agent, all isolates were sub-
cultured onto blood agar and tested for susceptibility to
nine antimicrobials using the standard Campylobacter
test plate from Sensititre™ (Thermo Fisher Scientific,
UK) according to the manufacturer’s protocol. The
antimicrobials included were gentamicin, azithromycin,
telithromycin, erythromycin, ciprofloxacin, nalidixic
acid, tetracycline, florfenicol and clindamycin. The
breakpoint listed for florfenicol is the susceptible break-
point. Isolates that exceeded the MIC value of the
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susceptible breakpoint were reported as non-susceptible
[19]. Campylobacter strain ATCC 33560 was used as a
control strain to verify the accuracy of the result [20].

Statistical analysis

The χ2 test was used to compare the level of carriage of
each gene and to compare the number of isolates of
each LOS class within specific groups. Comparisons
were made between poultry and human, outbreak-
and non-outbreak-associated strains, and between geo-
graphical regions. All analysis was conducted using
Minitab15 (Minitab Inc., USA) or Graphpad (http://
graphpad.com) software. χ2 test, with differences
between isolates were considered significant at P<
0·05.

RESULTS

Campylobacter identification

All isolates recovered on CCDA were confirmed to be
Campylobacter spp. with expected amplicon sizes of
857 bp using PCR targeting the 16S rRNA gene.
Species-specific mapA and ceuE genes indicated that
the 48 isolates were C. jejuni (589 bp)

P-BIT of putative virulence genes

The relationships between C. jejuni were assessed by
generating a cluster dendrogram of P-BIT data. The
P-BIT data generated a total of five clusters (Fig. 1)
at the 74% level. Clinical and chicken isolates were
distributed in all of the dendrogram clusters except
cluster V which contained only a single poultry iso-
late. Isolates from regions 1 and 2 were found in clus-
ters I, II and III. Cluster III contained a single isolate
from region 2. Only isolates from region 1 were found
in clusters IV and V.

The prevalence of putative virulence genes in clinical
and chicken isolates across both regions is demon-
strated in Table 1. No significant difference (P> 0·05)
in the carriage of any gene was noted between clinical
and chicken isolates; however, the carriage of some
genes varied between regions. Isolates from region 1
had a significantly higher prevalence (P< 0·05) of
Cj0265 and tet(O) compared to region 2 which had
a significantly higher representation (P < 0·01) of
Cj0008, gmhA2 and CJE1733. Interestingly, flgE2
and virB8 were not detected in any isolates regardless
of source or region.

flaA-SVR

A total of 14 flaA-SVR nucleotide types were iden-
tified (Table 2). In the outbreak region (region 1),
10 genotypes were identified in clinical isolates and
four in chicken while eight genotypes were detected
in the non-outbreak region (region 2). The most
commonly detected genotypes in region 1 were geno-
types 9 and 67 which were identified in 53·3% and
33·3% of chicken isolates, respectively, whereas
these genotypes were identified in 27·3% of clinical
isolates.

Comparisons of flaA-SVR from human and chick-
en isolates indicated that a total of 19 (86·36%) out
of 22 clinical isolates had flaA-SVR types indistin-
guishable from the chicken isolates from the two
regions. Of these, three genotypes (67, 9, 21) were
detected in chicken isolates from region 1 and four
genotypes (18, 36, 52, 320) were detected in chicken
isolates from region 2 (Table 2). Some genotypes
were unique to a region or a source. For example, geno-
types 67, 9 and 21, were unique to clinical and chicken
isolates whereas genotypes 162, 222 and 16 were
unique to chicken from region 2. Genotypes 146, 57
and 26 were identified within the outbreak region
and were unique to human isolates.

Assignment of LOS into classes

Based on gene content 89·6% (43/48) of C. jejuni iso-
lates were assigned into six classes (A, B, C, E, F, H)
(Table 3). The remaining isolates (10·4%, 5/48) could
not be assigned into a known LOS locus class based
on the primers used in this study. C. jejuni of LOS
classes A, E and H were significantly (P < 0·0001)
underrepresented compared to other classes. Of the
total number of the tested isolates, prevalence of
class C in region 1, 67·5% (25/37), was significantly
(P < 0·0011) higher than the prevalence of class C in
region 2 (9·1%). Region 2 had a significantly (P<
0·0023) higher prevalence of isolates with LOS class
B than region 1. The representation of LOS classes
in both clinical and chicken isolates was slightly differ-
ent; however, there was no significant association be-
tween the source of the isolate and LOS locus class
(P > 0·05).

LOS classes vs. flaA-SVR

Sialylated LOS classes were distributed throughout
the dendrogram and showed concordance with
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certain flaA-SVR type (Fig. 1). The majority of iso-
lates (92·8 %, 13/14) possessing LOS class C were
flaA-SVR 9 and 100% of isolates of flaA-SVR type
67 were LOS class C. LOS class H isolates were dis-
tributed into two clusters, both isolates were
flaA-SVR type 21.

AMR

The AMR of the isolates is listed in Table 4. The over-
all prevalence of resistance to any antimicrobial
was 6·3% (3/48). Most of the C. jejuni isolates
(89·6%, 43/48) were susceptible to all antibiotics
tested with the exception of five isolates; two unrelated

Fig. 1. Dendrogram generated using Bionumerics v. 6·5 (bionumerics.software.informer.com/6·5/) with simple matching
coefficient and unweighted paired-group method with arithmetic mean values on the basis of P-BIT data. Columns
following the P-BIT binary data are: 1, isolate number; 2, source; 3, region; 4, original flaA-RFLP; 5, flaA-SVR
nucleotide; 6, flaA-SVR peptide; 7, P-BIT code; 8, LOS class A (U, unknown LOS classes); 9, cluster. Numbers on the
branches of the dendrogram indicate the similarity level between isolates. P-BIT, PCR binary typing; RFLP, restriction
fragment length polymorphism; LOS, lipooligosaccharide.
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Table 1. Association between epidemicity gene targets with C. jejuni isolates from human and chicken origin
compared and isolates from regions 1 and 2 compared

Gene

Prevalence (%)

P value

Region (%)

P value

Human Chicken 1 2
(N= 22) (N = 26) (N= 37) (N = 11)
n (%) n (%) n (%) n (%)

Cj008 2 (9) 5 (19) n.s. 2 (5·4) 5 (45) 0·0044
Cj0122 20 (90·9) 24 (92·3) n.s. 33 (89) 11 (100) n.s.
Cj0265 12 (54) 15 (57·6) n.s. 25 (67·5) 2 (18) 0·005
panB 20 (90·9) 25 (96·1) n.s. 34 (91·8) 11 (100) n.s.
Cj0423 21 (95·4) 24 (92·3) n.s. 34 (91·8) 11 (100) n.s.
cfrA 22 (100) 26 (100) n.s. 37 (100) 11(100) n.s.
Cj1135 14 (63) 16 (61·5) n.s. 26 (70) 4 (36·3) n.s.
Cj1136 15 (68·1) 18 (69·2) n.s. 28 (75·6) 5 (45) n.s.
wlaN 19 (86·3) 25 (96·1) n.s. 33 (89·1) 11 (100) n.s.
CJE1500 4 (4) 5 (19·2) n.s. 5 (13·5) 4 (36·3) n.s.
Cj1321 16 (72·7) 22 (84·6) n.s. 30 (81) 8 (72·7) n.s.
Maf5/pseE 20 (90·9) 24 (92·3) n.s. 34 (91·8) 10 (90·9) n.s.
gmhA2 9 (40·9) 11 (42·3) n.s. 10 (27) 10 (90·9) 0·0002
FlgE2 0 0 n.s. 0 0 n.s.
CJE1733 7 (31·8) 12 (46) n.s. 9 (24) 10 (90·9) 0·0001
cgtA 17 (77) 17 (56·3) n.s. 29 (78) 5 (45) n.s.
virB8/comB 0 0 n.s. 0 0 n.s.
tetO 8 (36) 10 (38·4) n.s. 17 (46) 1 (9) 0·0352

n.s., Not statistically significant.

Table 2. flaA-SVR genotypes in region 1 (human and chicken) and region 2 (chicken only)

flaA-SVR

Prevalence (%)

P value

Regions

P value

Human Chicken 1 2
(N = 22) (N = 15) (N= 37) (N = 11)
n (%) n (%) n (%) n (%)

67 6* (27·3) 5 (33·3) n.s. 11 (29·7) 0 0·0478
9 6 (27·3) 8 (53·3) n.s. 14 (37·8) 0 0·0206
18 2 (9·1) 0 n.s. 2 (5·4) 1 (9·1) n.s.
36 2 (9·1) 0 n.s. 2 (5·4) 3 (27·3) n.s.
21 1 (4·5) 1 (6·6) n.s. 2 (5·4) 0 n.s.
52 1 (4·5) 0 n.s. 1 (2·7) 1 (9·1) n.s.
146 1 (4·5) 0 n.s. 1 (2·7) 0 n.s.
162 0 0 n.s. 0 2 (18·2) n.s.
57 1 (4·5) 0 n.s. 1 (2·7) 0 n.s.
442 0 1 (6·6) n.s. 1 (2·7) 1 (9·1) n.s.
320 1 (4·5) 0 n.s. 1 (2·7) 1 (9·1) n.s.
26 1 (4·5) 0 n.s. 1 (2·7) 0 n.s.
222 0 0 n.s. 0 1 (9·1) n.s.
16 0 0 n.s. 0 1 (9·1) n.s.

n.s., Not statistically significant.
* Number of isolates belonging to a particular genotype.
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isolates of chicken origin were non-susceptible to
florfenicol, and two other chicken isolates and a single
clinical isolate, were resistant to tetracycline.

DISCUSSION

P-BIT

P-BIT depends on the presence or absence of genes
amplified by PCR analysis. The genes used in this
study have been reported to be associated with various
aspects of C. jejuni pathogenicity [14]. The P-BIT
scheme examines the virulence gene profile of isolates,
and may predict and classify the potential of a strain
to cause serious disease. The P-BIT in the current
study identified 27 different codes with three isolates
from clinical and chicken samples from the outbreak
region producing the P-BIT code 677600. This
P-BIT code has been previously identified in the high-
ly pathogenic C. jejuni strain SVS1425 suggesting that
the isolates in the current study with P-BIT code
677600 may be capable of producing serious illness
[14]. In a molecular risk assessment study for typing
of C. jejuni using a P-BIT system, it was observed
that analysis of the virulence profile of a strain com-
pared to other isolates known to be associated with
outbreak or severe illness could identify strains that
have greater potential to cause serious illness [14].
NCTC 11168 was used as a positive control in this
study and it was previously described as a high-risk
C. jejuni strain [14, 21]. In this study, the strain

NCTC 11168 was positive for 89·5% of the virulence
genes, produced a P-BIT code 777630 and is located
in cluster III. Although no single isolate in this study
produced a P-BIT code identical to NCTC 11168, iso-
lates located in the same cluster III may be more likely
to cause severe illness than isolates in other clusters.
Although the set of clinical isolates used in this
study were isolated from patients who have diarrhoea
with or without blood and/or abdominal pain and/or
fever, no further information about the severity of
the gastrointestinal symptoms or complications that
may have developed later is available. It is therefore
not possible to evaluate the prediction that isolates
within cluster III will lead to more severe disease
than isolates in other clusters.

The P-BIT system is based on the presence or ab-
sence of genes, as tested by PCR analysis, which
have been implicated as markers of epidemicity. As
such the system is dependent on factors such as primer
design. Primers are designed to amplify specific se-
quence orientation of a target gene, so variation in
the target gene sequence at the primer annealing site
could affect the reliability of the PCR result [14].
For instance, the hook protein-encoding gene flgE2
was not detected in any of the C. jejuni isolates. One
explanation is the high variability in flgE2 sequence
seen in C. jejuni of the same strains and even serotype,
as reported previously, could have affected the PCR
result [22]. In addition, the published PCR primers
for the CJE1733 gene, which is responsible for confer-
ring resistance to arsenic compounds that are given to

Table 3. Comparisons of the distribution of lipooligosaccharide (LOS) classes from humans and chickens in regions
1 and 2 with expected LOS size

LOS class LOS size (kb)

Prevalence (%)

P value

Prevalence (%)

P value

Human Chicken Region 1 Region 2
(N= 22) (N = 26) (N= 37) (N= 11)
n (%) n (%) n (%) n (%)

C 13·49 12 (54·5) 14 (53·8) n.s. 25 (67·6) 1 (9·1) <0·0011
B2 12·46 3 (13·6) 6 (23·1) n.s. 3 (8·1) 6 (54·6) <0·0023
H 14 1 (4·5) 1 (3·8) n.s. 2 (5·4) 0 n.s.
E 15·2 1 (4·5) 0 n.s. 1 (2·7) 0 n.s.
A1 11·47 1 (4·5) 1 (3·8) n.s. 2 (5·4) 0 n.s.
F 7·8 1 (4·5) 2 (7·7) n.s. 1 (2·7) 2 (18·2) n.s.
Unknown 5, 10 13 2 (9·1) 0 n.s. 2 (5·4) 0 n.s.
Unknown 28 6·03 1 (4·5) 0 n.s. 1 (2·7) 0 n.s.
Unknown 48 12·7 0 1 (3·8) n.s. 0 1 (9·1) n.s.
Unknown 49 9·05 0 1 (3·8) n.s. 0 1 (9·1) n.s.

n.s., Not statistically significant.
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Table 4. Minimum inhibitory concentration (MIC) distribution of antimicrobial agents for Campylobacter spp. isolated from human and poultry

Class*

Antimicrobial,
breakpoints
(μg/ml) Range of tested antimicrobials with number and percentage of isolates inhibited by MIC (μg/ml)

Rank I†
Amino glycosides Gentamicin, GEN 40·12 0·25 0·5 1 2 4 8 16 32 >32

58 0 5 (10·4) 37 (77·1) 5 (10·4) 1 (2·1) 0 0 0 0 0
Macrolides and ketolides Azithromycin, AZI 40·03 0·06 0·12 0·25 0·5 1 2 4 8 16 32 64 >64

58 12 (25) 24 (50) 6 (12·5) 3 (6·3) 2 (4·2) 1 (2·1) 0 0 0 0 0 0 0
Telithromycin, TEL 40·03 0·06 0·12 0·25 0·5 1 2 4 8 >8
58 0 1 (2·1) 1 (2·1) 11 (22·9) 19 (39·6) 11(22·9) 3 (6·3) 2 (4·2) 0 0
Erythromycin, ERY 40·03 0·06 0·12 0·25 0·5 1 2 4 8 16 32 64 >64
532 1 (2·1) 0 6 (12·5) 20 (417) 14 (29·2) 6 (12·5) 1 (2·1) 0 0 0 0 0 0

Quinolones Ciprofloxacin, CIP 40·03 0·06 0·12 0·25 0·5 1 2 4 8 16 32 64 >64
54 12 (25) 17 (35·4) 15 (31·3) 4 (8·3) 0 0 0 0 0 0 0 0 0
Nalidixic acid, NAL 44 8 16 32 64 >64
564 38 (79·2) 9 (18·8) 1 (2·1) 0 0 0

Rank II
Tetracyclines Tetracycline, TET 40·06 0·12 0·25 0·5 1 2 4 8 16 32 64 >64

516 1 (2·1) 16 (33·3) 22 (45·8) 3 (6·3) 3 (6·3) 0 0 0 0 1 (2·1) 2 (4·2) 0
Phenicols Florfenicol‡, FFN 40·03 0·06 0·12 0·25 0·5 1 2 4 8 16 32 64 >64

58 0 0 0 1 (2·1) 5 (10·4) 30 (62·5) 8 (16·7) 2 (4·2) 1 (2·1) 1 (2·1) 0 0 0
Rank III

Lincosamides Clindamycin, CLI 40·03 0·06 0·12 0·25 0·5 1 2 4 8 16 >16
58 1 (2·1) 8 (16·7) 21 (43·8) 13 (27·1) 34 (8·3) 1 (2·1) 0 0 0 0 0

Vertical lines indicate breakpoints for resistance.
* CLSI subclass; CLSI M100 document.
†Rank: WHO categorization of critical antimicrobials in human health (rank I, critically important; rank II, highly important; rank III, important).
‡For florfenicol, only a susceptible breakpoint (44 μg/ml) has been established. In this study, isolates with an MIC 58 μg/ml are categorized as non-susceptible.
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chickens as a growth promoter and antiparasitic medi-
cation, produced non-specific PCR products. The
plasmid-encoded virB8 [23] was not detected in any
isolates suggesting that in addition to the primer des-
ignation, pVir plasmid may be absent in all the iso-
lates included in this study.

flaA-SVR

flaA-SVR revealed the genetic diversity of C. jejuni
isolates included in this study. Variation in
flaA-SVR could be due to mutations or recombination
events [12, 24]. flaA-SVR demonstrated that 86·4%
(19/22) of the clinical isolates had genotypes that
were also found in chicken from both regions, which
suggests that, while the sample size can be considered
small, clinical isolates in this study were related to
chicken which supports the importance of poultry as
a potential source of campylobacteriosis. It was also
observed that six chicken isolates epidemiologically
unrelated to the outbreak region had flaA-SVR types
indistinguishable from that of outbreak clinical iso-
lates. These genotypes were 18, 36, 52 and 320, of
which 36 and 52 were combined in a single peptide
type 1 due to the redundancy of the genetic code
[25]. It is possible that some of the indistinguishable
genotypes across both regions represent a common
genotype found in chickens. This suggestion could
be further confirmed by more extensive testing of
poultry Campylobacter isolates epidemiologically un-
related to the outbreak region and examination of
other sources such as cattle and wild birds. Similar
findings were demonstrated by Clark et al. [12] who
found that several Campylobacter strains had a SmaI
pulsed-field gel electrophoresis (PFGE) pattern, KpnI
PFGE pattern, fla-RFLP pattern and flaA-SVR
types that were indistinguishable from the Walkerton
waterborne outbreak types although they were epide-
miologically, temporally and geographically unrelated
to the outbreak.

Assignment of LOS into classes

C. jejuni is characterized by high variability in the
LOS structure with sialylated LOS classes (A, B or
C) of many C. jejuni having structural mimicry with
human gangliosides in peripheral nerve tissue [8, 9].
This is thought to be essential in triggering the produc-
tion of autoantibodies against human gangliosides
and the development of post-infectious complications
[8, 9]. In this study, characterization of C. jejuni

isolates utilizing 16 published PCR primers to target
the cell surface structure LOS confirmed the diversity
of the C. jejuni population. Based on gene content and
locus size, six classes (A, B, C, E, F, H) were identified
in 89·6 % (43/48) of the C. jejuni isolates with 77% (37/
48) of C. jejuni isolates capable of producing ganglio-
side mimics (classes A, B, C). The other loci identified
in our study (E, F, H) lack genes necessary to synthe-
size sialylated LOS. In this study, the prevalence of
sialylated LOS class B (18·7%, 9/48) and class C
(54·2 %, 26/48) was higher than other classes. The re-
presentation of sialylated LOS classes compared to the
non-sialylated LOS classes was highly significant (P=
0·0002) in clinically associated strains. When compar-
ing chicken and clinical isolates, there was no dif-
ference in the prevalence of strains capable of
producing ganglioside mimics (Table 3). The preva-
lence of sialylated LOS isolates from clinical and
chicken origin is slightly higher (77%) than that
found by Parker et al. [8] who demonstrated that the
prevalence of sialylatedLOS in non-GBS-associated iso-
lates was 64% (35/55). A US study of Campylobacter
from broilers also found approximately 60% carried
LOS classes A, B or C [26]. Although is not clear why
the incidence of ganglioside-mimickingLOS classes pro-
ducing strains is high, results suggest that that the pro-
duction of sialylated LOS classes alone is not sufficient
to proceed to further complication such as GBS and
MFS; clearly, other host and/or bacterial factors are
required [8]. In addition, 10·4% (5/48) of isolates could
not be classified into a known LOS class by PCR screen-
ing of the 16 genes or in combination with the length of
the LOS loci through the LOS XL PCR. The genetic
composition of the LOS loci of two isolates with un-
known LOS class was predicted to be class J based on
the published primers and the length of the LOS loci
(13 kb). However, similarity in the gene content and
order between the sequence for class J and other classes
was reported, despite differences in the size of the XL
PCR products. Class J is related to class F but it is diver-
gent from class F in that orf16 is deleted and replaced by
orf5 [7]. Therefore, additional genes in the two isolates
could be targeted by designing additional primers before
assigning these isolates into class J.

Relationship between P-BIT, LOS, flaA-SVR

In this study, it is not known if any epidemiologically
related isolate from patients afflicted with enteritis
went on to develop complications such as GBS or
MFS. Genes that are overrepresented in genotypes
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associated with human illness were previously chosen
to develop the P-BIT typing system that has potential
for strain risk ranking [14]. Cluster III contained iso-
lates that produced P-BIT codes previously produced
in virulent strains such as P- BIT code 677600 and
777630. At the same time, 96·3% (26/27) of C. jejuni
isolates located in cluster III harbour sialylated LOS
class C. It is not clear why all isolates expressing
LOS class C were located in cluster III. There may
be a relationship between genes included in the
P-BIT system and expression of LOS class C, al-
though a single strain of LOS class H was also in clus-
ter III. The isolate possessing non-sialylated LOS class
H shares the presence of a number of genes with iso-
lates expressing sialylated LOS class C except genes
involved in sialylation of LOS biosynthesis loci such
as Cj1136 and wlaN.

In addition, in 91·6% of isolates, flaA-SVR typing
showed concordance with LOS classes. For example,
100% of isolates belonging to the flaA-SVR 36 and
flaA-SVR 320 genotype possessed LOS class B and
100% of isolates of flaA-SVR genotypes 67 or 9
expressed LOS class C and 100% of isolates of
flaA-SVR genotypes 21 have LOS class H. This sug-
gests that flaA-SVR may be able to predict LOS
classes although the sample size is small and a larger
number of isolates should be investigated.

AMR

In general, the prevalence of AMR in C. jejuni isolates
from clinical and poultry origin was low (6·3%, 3/48).
The absence of resistance to gentamicin, azithromy-
cin, telithromycin, erythromycin, ciprofloxacin, nali-
dixic acid and clindamycin in all of the clinical and
poultry isolates may reflect the restriction on the use
of antimicrobials in food-producing animals and the
infrequent use of antimicrobials in humans for treat-
ment of Campylobacter infection in Australia. One
of the Australian studies that utilized the microdilu-
tion method using Sensititre reported that of the
total 105 C. jejuni from poultry origin, 1·7% were re-
sistant to clindamycin, 3·3% to erythromycin, 3·3%
telithromycin and 1·7% to tetracycline and no resist-
ance was observed to ciprofloxacin, florfenicol, genta-
micin or nalidixic acid [27]. Another recent study
reported that of 20 Campylobacter isolates, only a sin-
gle strain was resistant to nalidixic acid and another
one resistant to tetracycline [28]. This and other
Australian studies increase the acceptance that AMR
in C. jejuni in Australia is low.

In the current study, overall phenotypic resistance
to tetracycline was 6·3 % (two chicken isolates from
region 2 and one clinical isolate from region 1).
However, a total of 18/48 (37·5%) isolates carried
the plasmid-encoded tet(O) gene [14]. While a positive
result was recorded for the PCR analysis, the gene
may not be functional or alternatively only a small
portion of the gene may be present that may align
with the utilized primers.

Non-susceptibility to florfenicol which is a synthet-
ic, fluorinated analogue of chloramphenicol [29] was
detected in two chicken isolates, one from region 1
and another from region 2 (6·7% and 9·1%, respective-
ly). This drug is not licensed for use in chickens in
Australia and is only approved for use in production
of cattle and swine. However, molecular testing is
required to further explain the result. In an
American study, utilizing the disc diffusion method,
resistance to florfenicol was detected in 4% of
Escherichia coli isolated from sick chickens although
this drug was not used in poultry [29]. Molecular typ-
ing revealed that the florfenicol resistance gene, flo,
was independently acquired and is plasmid encoded
[29]. However, comparison of the current results
with others is difficult since the sample collection, bac-
terial isolates, and the chosen susceptibility method is
different and the Australian data on the level of anti-
biotic resistance of Campylobacter is limited [30, 31].

CONCLUSION

Despite the small sample size, a combination of typing
methods, flaA-SVR and P-BIT support that contact
with raw or consumption of undercooked chicken is
one of the important sources of campylobacteriosis
and evaluated the risk of strains to humans. The pre-
sent study is the first study in Australia to examine the
LOS class diversity in C. jejuni isolated from poultry
and clinical samples. There was a high incidence of
sialylated LOS classes in clinical diarrhoeal samples
compared to the non-sialylated LOS classes with no
significant differences found in the distribution of sia-
lylated LOS classes in clinical and chicken samples.
This could be considered as further evidence and a
warning signal for the importance of poultry as
potential vehicles of campylobacteriosis and a risk
factor in campylobacteriosis preceding neuropathy.
Furthermore, results presented here suggest that
flaA-SVR could predict LOS classes, although further
studies should be conducted to determine the epi-
demiological relevance of this finding with a larger
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sample size. Additional characterization using AMR
tests identified a low-level of AMR consistent with
other published data.
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