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ABSTRACT
In this study, the conventional International Organization for Standardization (ISO) culture method was compared with
the DuPont Qualicon BAX system, a high-throughput, rapid molecular assay that can be used to detect several bacterial
species, including Campylobacter jejuni and Campylobacter coli in diverse sample types. Standard enrichment culture is a
time-consuming process, taking up to 6 days to obtain a confirmed result. Rapid molecular assays have been developed that
provide results within 24 h. Naturally contaminated samples from the poultry production chain were examined for the presence
of Campylobacter spp. Samples from broiler chicken ceca (n ⫽ 100), fresh chicken carcass rinses (n ⫽ 60), and bootsocks
(gauze sock walked through a broiler chicken house; n ⫽ 50) were enriched according to the ISO 10272 method in Bolton
broth specifically designed to detect Campylobacter spp. in complex sample types. Samples were enriched without blood for
use with the BAX system using the Campylobacter BAX kits for the detection of C. jejuni and C. coli. Samples also were
directly plated onto modified charcoal cefperazone deoxycholate agar, and results were compared with those from the enriched
samples for the ability to detect Campylobacter spp. Campylobacter spp. were isolated from 49% of samples with conventional
enrichment cultures, from 48% with direct culture, from 68% with the BAX system and enrichment cultures, and from 62%
with the BAX system used directly with samples. Overall, the BAX system detected more positive samples than did the
conventional culture method and is an effective methodology for the rapid and reliable detection of Campylobacter spp. from
diverse sample types.

Campylobacter species continue to be the leading
cause of bacterial foodborne illness in both the United
Kingdom and many other countries (10). The majority of
cases of human campylobacteriosis are attributed to the
consumption of poultry (23, 25, 27, 29). In a recent United
Kingdom survey that was structured to reflect market share,
approximately 50% of chickens on retail sale were contaminated with Campylobacter spp. (10). The bacteria are frequently isolated throughout poultry production, including
during rearing and at slaughter (22), and their occurrence
is well documented (4, 5, 13, 26, 28). However, little is
known about the epidemiology of Campylobacter spp. in
poultry flocks (3), making control measures more difficult
to implement and monitor. Reliable detection of Campylobacter spp. from environmental samples is important to ensure that control measures are as effective as possible. Rap* Author for correspondence. Present address: Zoonotic Infections Group,
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id detection and isolation methods for this important human
pathogen are needed urgently. Samples are currently tested
using the International Organization for Standardization
(ISO) standard enrichment protocol ISO 10272 (1), with
either Preston or Park-Sanders broth. This process can be
time-consuming; a presumptive result takes 4 days, and full
confirmation of Campylobacter spp. takes up to 6 days. In
several studies (10, 12, 14, 16, 17, 19, 24), the effectiveness
of several widely used enrichment broths has been compared; their use varies between countries and laboratories.
Bolton and Preston broths are widely used for enrichment
of Campylobacter spp., and Bolton broth was chosen for
the present study because of its reported superiority over
other methods (2). The cultivation of Campylobacter under
laboratory conditions can be difficult because of the limitations of the culture media, which are designed primarily
for the isolation of Campylobacter jejuni (4). The limitations of reliably isolating and identifying campylobacters
by conventional culture may be addressed by the application of molecular techniques. One approach is to use PCR
to detect the presence of Campylobacter species and to then
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MATERIALS AND METHODS
Sample preparation: chicken carcass rinse (n ⴝ 60). Samples from 60 fresh raw retail chicken carcasses were analyzed. Of
these 60 carcasses, 30 were packaged for retail sale and obtained
from a processing plant and 30 were purchased from five different
retail supermarkets located in South West England. Carcasses
were processed and samples analyzed on the day of collection.
The neck skin (25 g) from each chicken was aseptically removed and placed into a small stomacher bag. The whole carcass
was then placed in a large stomacher bag, and 300 ml of 0.85%
(wt/vol) saline (Oxoid, Ltd., Basingstoke, UK) was poured
through the opening into the abdominal cavity. Most of the air
was removed from the bag, and the entire carcass was rinsed in
the saline for 1 min. The rinse solution was then poured into the
smaller bag containing the neck skin, and the contents of this bag
were stomached for 1 min with a lab blender (model 400, Colworth, London, UK).
Sample preparation: bootsock (n ⴝ 50). A white gauze
bootsock (Mike Bowden Livestock Services, Norfolk, UK) was
soaked in 20 ml of saline and immediately put onto a Wellington
boot; contamination of the bootsock from the boot was reduced
by covering the boot with a plastic cover before the sock was
added. The sock was then walked through the broiler house, ensuring that all areas of the house were covered. The bootsock was
then removed from the boot, placed into a polythene bag, and
transported to the laboratory at ambient temperature on the day
of sampling. At the laboratory, the noncontaminated top part of
each sock was removed with sterile scissors and gloved hands to
limit further contamination. The remaining soiled area of the sock
was cut into two pieces and placed into a filter stomacher bag.
Saline (50 ml; Oxoid) was added to the bag, and the sample was
homogenized for 30 s with the lab blender.
Sample preparation: ceca (n ⴝ 100). Ceca from broiler
chickens were removed at the processing plant after slaughter, and
20 to 30 individual ceca from each flock were pooled by placing

them in a polythene bag. These ceca were transported to the laboratory under chilled conditions and a pooled sample (0.3 g from
each cecum) was prepared. For direct culture detection methods,
a cecal suspension of 0.1 g of pooled sample vortexed in 9.9 ml
of saline (Oxoid) was prepared.
Detection methods: BAX protocol. The BAX PCR was performed according to the manufacturer’s instructions (DuPont
Qualicon, Wilmington, Del.). Cells contained in 5 l of the sample (either enriched or nonenriched sample) were lysed by adding
them to 200 l of protease-containing lysis reagent. Samples were
heated at 37⬚C for 20 min and then at 95⬚C for 10 min and allowed to cool, and 50 l of this lysed solution was added to a
0.2-ml PCR tube with a tablet containing the reagents needed to
carry out the PCR: deoxynucleoside triphosphates, two forward
and reverse primer pairs (one for C. jejuni and one for C. coli),
and an internal control primer (DuPont Qualicon). The PCR was
performed in the BAX cycler-detector, and results were reported
via the software at the end of the cycle. The BAX kit contains
internal controls, but we also ran a C. jejuni NCTC 11168 sample
as a positive control and sterile deionized water as a negative
control. On several occasions, we also used Salmonella Typhimurium and Salmonella Enteritidis as negative controls. The BAX
system can detect as few as 104 CFU/ml of sample (enriched or
nonenriched).
Detection methods: direct culture. Chicken carcass, bootsock, and cecal suspension samples were streaked onto mCCDA
(Oxoid) with a 10-l loop. Plates were incubated at 41.5⬚C in a
microaerobic atmosphere (5% O2, 10% CO2, and 2% H2) for 48
h. The theoretical detection limit for direct plating of chicken carcass rinse and bootsock samples is 100 cells per g, whereas the
limit for cecal samples is 1,000 cells per g.
Detection methods: direct BAX. The BAX PCR protocol
was applied to chicken carcass, bootsock, and cecal suspension
samples without an enrichment step. The initial sample preparations in saline were used for this assay, and the protocol described
above was followed.
Detection methods: standard enrichment in Bolton broth.
Twenty five milliliters each of chicken carcass rinse and bootsock
samples were transferred to 250-ml sterile plastic containers. Bolton broth (225 ml) with 5% lysed defibrinated horse blood (Oxoid)
was added to each of the containers. Each cecal sample (1 g) was
placed in a 100-ml sterile container, and 90 ml of Bolton broth
with 5% lysed defibrinated horse blood was added. Regardless of
container size, ⬍1 cm of headspace remained in the containers,
and lids were tightly capped. All containers were incubated at
37⬚C for 4 h and then transferred to 41.5⬚C for 42 to 44 h in
aerobic conditions. The theoretical detection limit for enrichment
culture is 1 cell per g of sample.
After incubation, 10 l of each enrichment sample was
streaked onto mCCDA, and the plates were incubated at 41.5⬚C
under a microaerobic atmosphere for 48 h. Presumptive Campylobacter colonies were confirmed by growth on duplicate plates of
Columbia blood agar with 5% (vol/vol) defibrinated horse blood
(Oxoid). The two plates were incubated under different conditions
at 37⬚C for 48 h; one aerobically and one under microaerobic
conditions. When growth appeared on the aerobic plate, then the
isolate was determined not to be Campylobacter spp., which cannot grow aerobically. After 48 h of incubation, isolates were confirmed by microscopy and by positive oxidase reaction. Suspect
colonies also were confirmed with the BAX system by preparing
a suspension of the colony in saline (Oxoid) to a McFarland standard of 0.5 and following the BAX protocol.
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differentiate between species, including C. jejuni and C.
coli.
The DuPont Qualicon BAX system is a rapid molecular assay that can be used to detect C. jejuni and C. coli
in complex sample matrices, although at present this system
does not differentiate between the two species. In previous
studies, both C. coli and C. jejuni have been detected with
the BAX system from environmental samples (18) and
poultry carcass rinses (6). The BAX system also has been
used to confirm Campylobacter spp. isolates in a few recent
studies (7, 8, 20). The procedure for BAX detection involves enrichment of samples according to internationally
recognized standards (ISO 10272) without the addition of
blood, which can inhibit PCRs. After standard enrichment,
a PCR amplification protocol is carried out before detection
and analysis is undertaken. BAX detection, including the
reporting of results, takes less than 4 h.
In this study, conventional enrichment culture in Bolton broth (15) was compared with the BAX system for
detecting the presence or absence of Campylobacter spp.,
and direct culture on modified charcoal cefperazone deoxycholate agar (mCCDA) was compared with enrichment of
naturally contaminated samples from poultry farms, processing plants, and retail establishments.

J. Food Prot., Vol. 71, No. 4

J. Food Prot., Vol. 71, No. 4

DETECTION METHODS FOR CAMPYLOBACTER SPP.

837

Detection methods: modified enrichment. Samples were
enriched in Bolton broth without 5% lysed defibrinated horse
blood (Oxoid). After 48 h of incubation, the BAX system protocol
was followed.
Statistical analysis. The results obtained from the two methods were compared based on Cohen’s kappa tests (9, 11).

RESULTS AND DISCUSSION

FIGURE 1. Detection (% positive by each method) of Campylobacter spp. from different types of samples. Solid bars represent
direct culture, open bars represent direct BAX, shaded bars represent ISO enrichment culture, and hatched bars represent BAX
with modified enrichment culture. An asterisk above the bar indicates a significant difference.

try production environments. The BAX system was comparable or better than conventional culture, depending on
sample type (Fig. 1). In previous studies (6–8, 18, 20), the
BAX system successfully identified C. jejuni and C. coli
from naturally contaminated samples and was comparable
to other molecular methods.
The BAX system usually is used for analyzing enriched samples. In the present study, the BAX was successfully extended for analyzing samples for the presence
of campylobacters immediately after sampling, without enrichment. By omitting the enrichment step of the protocol,
a result can be obtained on the day of sample collection,
whereas with conventional culture a presumptive result requires at least 24 h of incubation. Same-day results are
particularly useful for those sample types that do not perform well under enrichment culture conditions, such as
ceca, or when degradation of the sample is likely to occur.
The direct BAX method detected C. jejuni and/or C. coli
from cecal samples as well as the direct culture method
detected these Campylobacter species (Fig. 1), but fewer
cecal samples were positive when examined after enrichment (Fig. 1). This result is consistent with previous work
performed in our laboratory (unpublished data), where recovery of Campylobacter spp. from cecal material after
standard enrichment, regardless of sample size in the enrichment broth, was less effective than isolation by direct
plating. A similar result was obtained by Musgrove et al.
(21) when they compared direct plating on Campy-cefex
agar to enrichment in Bolton broth. They found Campylobacter spp. in 100% of directly plated samples but only 6%
of enriched samples. This finding suggests that the enrichment procedure can be severely compromised by the many
competing nontarget bacteria present.
More Campylobacter-positive bootsock and chicken
rinse samples were detected with the direct BAX method
than by isolation using the conventional direct culture
method (Fig. 1). This difference may reflect the increased
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Conventional enrichment culture is widely used to
identify Campylobacter spp. from complex sample types
according to standard recommendations (ISO 10272 (1) and
AOAC (15)). Bolton enrichment broth usually is favored
because it has been effective for isolating campylobacters
from poultry-related samples (2). Although these methods
are considered adequate for the isolation of Campylobacter
spp., a presumptive result takes 4 days, and an additional
1 to 2 days is required for absolute confirmation. Reducing
the time needed to confirm the presence or absence of Campylobacter spp. would have many advantages for diagnostic, commercial, and research applications. Conventional
enrichment is expensive and time-consuming, and when
contamination levels are high, definitive species identification may be inhibited by the enrichment broth. The
lengthy identification process can be considerably reduced
with the application of rapid methods, which can give a
confirmed result usually within 24 h. The BAX system is
a commercially available PCR method for the rapid and
sensitive detection and/or quantification of a range of pathogens and food quality organisms. The assay used in this
study has recently been superseded by a real-time PCR assay for use with the new BAX Q7 machines. This new
assay provides detection and quantification of C. jejuni, C.
coli, and/or Campylobacter lari.
Campylobacter spp. were detected in 49% of samples
with conventional enrichment culture, in 48% with conventional direct culture, in 68% with the BAX system and enriched samples, and in 6% with the BAX system and samples that had not been enriched. Overall, when considering
all sample types with either direct or modified enrichment
culture, the BAX system identified significantly more Campylobacter-positive samples (P ⬍ 0.05) compared with the
conventional method. Detection of Campylobacter spp.
from cecal samples was improved when direct culture or
direct BAX was used compared with enrichment culture
and BAX following enrichment (Fig. 1). However, for cecal
samples, there was no significant difference (P ⬎ 0.05)
when comparing direct culture to direct BAX (Fig. 1) and
comparing enrichment culture to BAX following enrichment (Fig. 1). For bootsock samples, BAX on either direct
or enriched samples resulted in the detection of significantly
more Campylobacter-positive samples (P ⬍ 0.01) than with
direct or enrichment culture, respectively (Fig. 1). For retail
chicken carcass rinses, BAX analysis on either direct or
enrichment cultures (Fig. 1) resulted in detection of significantly more Campylobacter-positive samples (P ⬍ 0.02)
than were detected with conventional culture.
Results obtained in this study indicate that the BAX
system can be used for the rapid and reliable detection of
C. jejuni and C. coli in samples obtained from various poul-
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ability of the direct BAX method to detect dead or injured
cells, which are otherwise undetectable by direct culture.
The significant increase in detection of Campylobacter spp.
in chicken carcass rinse samples using BAX and enrichment compared with using conventional ISO enrichment
and isolation may be related to the fact that detection is not
hampered by competing microflora when using the BAX
system.
In this study, the BAX system provided a reliable, rapid, and cost-effective method for detection of Campylobacter spp. in chicken-related samples and could represent considerable time savings for various high-throughput applications.
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