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Abstract

Campylobacter spp. are currently the bacterial foodborne pathogen that causes the highest
number of gastrointestinal diseases in developed countries, according to the World Health
Organization. The aim of this study was to compare the performance of four Campylobacter
enrichment broths: Bolton broth, Bolton broth with blood, Preston broth and Preston broth
with blood using both culture-dependent methods and an optimized quantitative PCR (qPCR)
protocol. The enrichment in Bolton Broth with blood allowed most positive samples for
Campylobacter jejuni to be detected when 40 chicken meat samples from the market were
tested. Correlation between cultural methods and molecular methods was poor. Only in a few
cases could C. jejuni and Campylobacter spp. be identified by PCR. Out of 480 colonies
isolated throughout the enrichment process, only 7 colonies could be identified as
Campylobacter spp., three of which were C. jejuni. Enrichment of chicken meat samples with
Bolton broth added with blood, coupled with qPCR resulted to be the most suitable method to

detect samples contaminated with C. jejuni.

Practical Applications

Detection and identification of Campylobacter spp. in food is still a challenge and there is
lack of consensus on the methodology that should be used in order to recover these fastidious
microorganisms. The application of molecular methods, such as the amplification of a target
gene sequence by PCR, in order to rapidly and inequivocally detect and identify foodborne
pathogens in foodstuffs, offers a valid alternative to traditional microbiological testing. In this
study we investigated the performances of combined enrichment strategies with a specific C.
Jjejuni quantitative PCR (qPCR) protocol. The molecular approach resulted to be superior with

respect to traditional plating and was able to detect a higher number of C. jejuni positive



samples. Among the enrichment broths tested, Bolton broth added with blood resulted to be

the most suitable for the detection of Campylobacter spp. in poulty meat.
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Introduction

Campylobacter spp. are encountered as most common foodborne pathogen causing enteritis in
many developed countries. Campylobacter infections still top the list of zoonotic diseases in
the European Union. In 2007, infections from Campylobacter were among the most
frequently reported zoonotic diseases in humans throughout the European Union, with
200,507 cases compared to 175,561 in the previous year, thus showing an increase of 14.2 %.
In foodstuffs, Campylobacter was found above all in raw poultry meat, with an average of 26
% of samples showing contamination (Anonymous, 2008). In 2008, campylobacteriosis
continued to be the most commonly reported gastrointestinal bacterial pathogen infection in
humans in the European Union, with 190,566 confirmed cases, even though the number of
notified cases decreased by 5.0 % compared to 2007. In foodstuffs, the highest proportion of
positive Campylobacter samples was once again reported for fresh poultry meat, with an
average of 30.1 % of positive samples. Campylobacter has also frequently been detected in
live poultry, pigs and cattle (Anonymous, 2010).

The animal reservoir is the gastrointestinal tract of dogs, cats and other pets that can carry the
organism. The transmission of C. jejuni to humans occurs through the ingestion of
contaminated food or water, including unpasteurized milk and undercooked poultry, or

through direct oral contact with fecal material from infected animals or people. The type of



illness associated with C. jejuni infection in humans is intestinal infection (Humphrey et al.
2007).

In many cases, the condition of the samples being tested and the fastidious nature of many
Campylobacter species make the detection of campylobacters in laboratory settings very
complicated (Chaban et al. 2009). A number of factors make Campylobacter a problematic
agent to control: (i) it is a zoonotic agent that is asymptomatic in broilers (as well as in other
birds), (i1) the sampling and testing methods that are available for its detection and
quantification give variable results, thus surveillance data from different sources may not be
comparable, (iii) compared to other foodborne pathogens, little is known regarding the
physiology of Campylobacter and its ability to survive common food processing conditions,
and iv) Campylobacter can enter into a viable not culturable state (Tholozan et al. 1999)
making its recovery by conventional methods impossible. Furthermore, the previous belief
that thermophilic campylobacters are sensitive to conditions they encounter outside their host
does not seem to be supported by epidemiological data. Recently a comprehensive review on
current methodologies to isolate and identity Campylobacter spp. from foods has been
published, summaring the most effective protocols to isolate campylobacters (mainly C. jejuni
and C. coli) from food, primarily poultry products (Gharst et al. 2013).

Many enrichment broths have been proposed to detect Campylobacter. Preston, Bolton, Exter,
CEB, Park and Sanders broths are currently used in food microbiology and their performance
has been compared in several studies (Vidal ez al. 2013; Williams et al. 2012, 2009; Habib et
al. 2011; Richardson et al. 2009; Ugarte-Ruiz et al. 2012;) and a new Food Pathogen
Enrichment (FPE) broth, which supports the growth of campylobacters, without lysed blood
and CO2 and to the same degree as Bolton and Preston broths, was developed (Hayashi ef al.
2013). However, there is still no scientific consensus on which enrichment broth to use,

although ISO 10272-2006 (ISO, 2006) indicates the use of Bolton broth, instead of Preston



broth, for selective enrichment.

The application of molecular methods to rapidly and inequivocally detect and identify
foodborne pathogens in foodstuffs offers a valid alternative to traditional microbiological
testing. The challenge nowdays is how to apply these methods, which are primarily based on
the amplification of a target gene sequence by PCR, without previous enrichment or culturing,
in order to quantify foodborne pathogens directly in foods. Until recently, the methods
adopted to detect and quantify Campylobacter spp. in foods were applied after an enrichment
step, due to their low numbers; however direct quantification of C. jejuni in chicken rinses has
also been performed (Debretsion et al. 2007; Josefsen et al. 2004; Nogva et al. 2000; Oliveira
et al. 2005; Sails ef al. 2003; Yang et al. 2003). In this study we tested four Campylobacter
enrichment broths, namely Bolton broth, Bolton broth with blood, Preston broth and Preston
broth with blood, coupled with a previously described quantitative PCR (qPCR) protocol
(Rantsiou et al. 2010) in order to define an analytical strategy to properly detect C. jejuni in

food.

Materials and Methods

Strains and media

Campylobacter jejuni ATCC 33291 (Oxoid, Milan, Italy) was used to construct calibration
curves in poultry meat. It was propagated in Brain Heart Infusion broth (BHIB) supplemented
with 5 % defibrinated horse blood (Oxoid) and plated on a Campylobacter Blood Free
Selective Agar Base supplemented with CCDA Selective Supplement (mCCDA, Oxoid) in
microaerophilic conditions (Campygen, Oxoid) at 37 °C for 24 h.

Four enrichment broths were used for the analysis of the samples: Bolton Broth supplemented

with Bolton Broth Selective Supplement (Oxoid), with and without 5 % defibrinated horse



blood (Oxoid), Preston supplemented with Campylobacter Selective Supplement Preston

(Oxoid), with and without 5 % defibrinated horse blood (Oxoid).

DNA extraction
Master-Pure™ Complete DNA and RNA Purification kits (Euroclone, Milan, Italy) were used
for DNA extraction from the cultures and food samples, according to the manufacturer’s

instructions, as suggested by Rantsiou et al. (2008).

Poultry meat sampling and analysis

Forty samples of individually packed poultry were purchased from supermarkets in the
Piedmont region, in Northwest Italy. Twenty five g of meat were aseptically removed from
each package , mixed with 225 ml Ringer’s solution (Oxoid) and homogenized using a
stomacher (PBI, Milan, Italy). Ten ml of the homogenized solution was then added to 90 ml
of each enrichment broth. The homogenate sample, as well as the 1 to 10 dilution in Ringer’s
solution, were plated in mCCDA medium and a Brilliance Campycount medium (Oxoid) (for
both 0.1 ml). The plates were incubated at 42 °C for 48 h in microaerophilic conditions using
the Campygen system (Oxoid). The four enrichment broths, after additon of the homogeneate,
were incubated for 6 hours at 37 °C and at 42°C for 48 hours. One ml of the 10™" dilution was
transferred to a 1.5 ml Eppendorf tube and subsequently used for DNA extraction (t=0). DNA
was also extracted from a ten-fold dilution of each enrichment broth after 6 (t¢), 24 (t24) and
48 (ta3) hours, respectively. A full loop of the enrichment broths was also streaked in mCCDA

at each time point and incubated at 42° C for 48 h under microaerophilic conditions.

Identification of the colonies



After incubation, the colonies on the plates were observed carefully to search for the typical
Campylobacter spp. aspect. If detected, at least 5 colonies were isolated, and when fewer
suspected colonies were present, all of them were isolated. Isolation was carried out by
steaking on mCCDA and this was followed by incubation at 42°C for 48 h. Campylobacer
spp., C. jejuni and C. coli isolates were identified using a molecular identification protocol

proposed by Denis et al. (1999).

Quantitative PCR amplification

Quantitative PCR was performed using the SYBR Green I chemistry set previously described
by Rantsiou et al. (2010). Cj rpoB1 (5-GAGTAAGCTTGGTAAGATTAAAG-3") and
Cjs_rpoB2 (5'-AAGAAGTTTTAGAGTTTCTCC-3') primers were used to amplify part of
the rpoB gene of C. jejuni. A positive and a negative control were loaded in each run. The
positive control was represented by DNA extracted from a pure culture of C. jejuni ATCC
33291, standardized at 100 ng/ul. One pl of sterile, PCR—grade DNA water (Sigma, Milan,
Italy) was added for the negative control. A melting curve analysis was carried out at the end

of each run.

Construction of calibration curves in poultry meat

C. jejuni ATCC 33291 was streaked on brain heart infusion agar (BHIA, Oxoid)
supplemented with 5 % defibrinated horse blood and, after incubation at 42°C for 48 h under
microaerophilic conditions, the cells were scraped off the agar surface with 1 ml of Ringer’s
solution (Oxoid) using a plastic, sterile spreader. The cell suspension was serially diluted in
Ringer’s solution and counted on BHIA plates incubated at 37 °C for 24-48 h. Calibration
curves were constructed by inoculating 1 ml of each dilution of C. jejuni, from 1 to 10°

colony forming units (cfu)/ml, in 25 g of poultry meat. Ringer’s solution (225 ml) was added



and samples were homogenized using a stomacher for 2 min at maximum speed.
Subsequently, 1 ml of each sample was diluted ten-fold and 1 ml of the dilution was used for
DNA extraction, as described above. One pl of the DNA was used in the qPCR amplifications
and calibration curves were constructed by plotting the threshold cycle (Ct) against logi

cfu/g.

Determination of the gPCR detection limit in the enrichment broths used in this study

Each dilution of C. jejuni, from 1 to 10°® cfu/ml, was inoculated in 9 ml of each enrichment
broth and 1 ml was recovered and diluted with 9 ml of Ringer’s solution. One ml of each
diluted enrichment broth was used for DNA extraction. One pl of the DNA was used in qPCR
amplifications to determine the limit of quantification of C. jejuni in the four enrichment

broths used in this study.

Results and discussion

The goal of this study was to compare the performance of four Campylobacter enrichment
broths, namely Bolton broth, Bolton broth with blood, Preston broth and Preston broth with
blood, using both culture dependent methods and an optimized qPCR protocol. For this
purpose, forty samples of individually packed poultry were purchased from supermarkets in
the Piedmont region, in Northwest Italy and subjected to analysis. A calibration curve was
constructed, using strain C. jejuni ATCC 33291, in order to be able to quantify the C. jejuni
populations before the enrichment step. Moreover, the limit of detection of the qPCR protocol
was determined for each broth, due to the possibility of the qPCR being inhibited by the
components of the selective enrichment broths. Calibration curve in poultry meat confirmed
the quantification limits previously described by Rantsiou et al. (2010) and Melero et al.

(2011), in which populations of as few as 10 cfu/g or ml could be quantified (Fig. 1). When



direct qPCR analysis was conducted on the DNA extracted at ty, 7 of the 40 samples (17.5%)
gave an amplification signal that highlighted the presence of C. jejuni. After quantification
using the calibration curve, the counts were determined to be between 10 and 100 cfu/g in all
of the 7 samples (data not shown).

The use of an enrichment step for the detection of campylobacters has attracted many
researchers and a number of studies that compare their performance are available in the
literature (Habib et al. 2011; Richardson et al. 2009; Ugarte-Ruiz et al. 2012). Most of them
have investigated the two most popular broths, namely Bolton and Preston. The effect of
incubation conditions and the advantage of the addition of blood in selective broths for the
recovery of Campylobacter spp. have also been evaluated (Williams et al. 2009). It has been
demonstrated that the base components and selective supplements of the enrichment broths
can inhibit the Campylobacter cells over the incubation time (Baylis ef al. 2001), and it is
therefore important to understand whether the selective broth is able to recover these cells or
not. To the authors’ knowledge, this is the first time that a culture-dependent approach has
been coupled with a culture-independent strategy, i.e. a qPCR protocol, specific for C. jejuni,
in order to adequately detect and quantify this pathogen in poultry meat. First, the detection
limit of the qPCR protocol was determined in the enrichment broths used in the study in order
to take into account possible inhibitions on the amplification by the components of the broths,
especially when blood was added. The detection limits are reported in Table 1, where the
respective Ct value for each C. jejuni dilution in the four enrichment broths is shown. As can
be observed, the Ct values for Bolton broths, both with or without blood, were somewhat
delayed compared to the Preston broths, with the exeption of the 10® cells. It is interesting to
notice that the addition of blood did not affect the amplification process, and this confirms the

results reported in a previous study that had the aim of understanding the effect of blood
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addition to Bolton broth on qPCR efficiency (Melero ef al. 2011). Generally, C. jejuni counts
of 100 cfu/g were detected in all four enrichment broths.

The results obtained by qPCR using DNA extracted from the four enrichment broths at te, t24
and t4g are summarized in Table 2, where the number of positive poultry samples is shown. As
can be observed, already after 6 hours of enrichment, the number of positive samples
increased from 7 to an average of 10, regardless of which broth was used, with Preston
offering the highest number of positive results. At 24 hours, in all the enrichments, apart
from Bolton with blood, the number of samples giving a qPCR signal decreased, and then
rose again at 48 h. This result has already been described by other authors (Habib ez al. 2008;
2011) for the detection of Campylobacter spp. using Bolton broth. It is possible that, in these
conditions, the competing microbiota outnumbers C. jejuni and prevents the amplification of
its DNA, as previously reported by Rantsiou et al. (2010). In agreement with Habib et al.
(2011), after 48 h enrichment, the number of positive C. jejuni samples was higher for all the
broths considered in this study. A constant increase was detected in Bolton with blood and a
number of 19 samples (47.5%) containing C. jejuni was reached. The enrichments containing
blood performed better than the respective ones without its addition, a result that correlates
well with a previous study by Willams ef al. (2009) in which the presence of blood in Bolton
broth improved the isolation of Campylobacter, when used to analyze chicken carcass rinse
samples.

The number of samples showing suspected Campylobacter spp. colonies for each enrichment
broth at the different sampling points considered in this study is reported in Table 3. Twenty
nine out of 40 analyzed chicken meat samples did not show colonies with the typical
Campylobacter spp. aspect at to, while counts spanning from 10 to 10’ cfu/g were obtained for
the other 11 samples (data not shown). The colony counts between mCCDA and the

Brilliance Campycount media correlated well, apart from 4 samples, for which suspected
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colonies were only observed on mCCDA agar (Tab. 3). In all cases, the number of samples
containing colonies with a typical aspect increased during enrichment. Colonies assumed to
belong to Campylobacter spp. were isolated at each sampling step and identified by means of
mPCR. A total of 480 isolates were collected and identified. Only 7 colonies gave a positive
PCR signal: five of them were isolated without enrichment (3 from Brilliance Campycount
medium and 2 from mCCDA) while 2 were isolated after 24 hours of enrichment in Bolton
broth plus blood. Three colonies were identified as C. jejuni, while the rest were identified as
Campylobacter spp. On the basis of these results, 4 samples were confirmed to contain
Campylobacter spp. at ty, while only in 2 samples Campylobacter spp. were recovered during
enrichment (Tab. 3).

The results obtained by means of qPCR did not compare well with the results obtained by
means of traditional methods. Almost half of the samples were determined to contain C. jejuni
through molecular methods, but this result was not confirmed by traditional plating. A high
number of samples on the plates showed possible Campylobacter spp. colonies, however they
were not confirmed to belong to the genus after mPCR. This aspect is probably correlated
directly to the specificity of the selective media used in this study and the ease of recognition
of the suspected Campylobacter colonies. While the Brilliance Campycount medium is a
chromogenic agar in which campylobacters show dark red individual colonies,
Campylobacter spp. grows on mCCDA in a grey color and in colonies of various shapes, thus
making the differentiation between typical and atypical colonies difficult (Habib et al. 2011).
Moreover, it has been stated that mCCDA allows Escherichia coli that produce extended-
spectrum-beta-lactamase to grow (Jasson et al. 2009); these crowded in the plates and make
the isolation of campylobacters difficult. In this study, Brilliance Campycount agar was only
used for direct enumeration without enrichment, while mCCDA was also employed with

enrichment. For this reason, most of the 480 colonies came from the latter selective agar.
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The qPCR strategy used after enrichment accurately detected C. jejuni in a high percentage of
poultry samples from the market, while the conventional analysis failed to detect it. This
study once more highlights the differences in the performance of media used to isolate
Campylobacter spp. from food samples. Further investigations are necessary to completely
elucidate the best culturing media to use in order to be sure of detecting and quantifying
Campylobacter spp. in poultry, although it was demonstrated here that Bolton broth added
with blood was able to identify the highest number of samples containing C. jejuni after 48 h

of enrichment.
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Figure 1. Calibration curve of Campylobacter jejuni, serially diluted and inoculated in poultry
meat. DNA samples were loaded in triplicate in a qPCR reaction and means and standard
deviations of the C(t) values were calculated to construct the calibration curve. The

correlation coefficient (R?) is also shown.
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Table 1. Cycle threshold (Ct) for serially diluted C. jejuni cells in the four enrichment broths

used in this study. The results are presented as the mean of triplicate results + standard

deviation (SD)
Bolton Bolton +blood Preston Preston+blood

Cell counts Ct+SD Ct+SD Ct+SD Ct+SD

10° 14.73 £1.02 1435+ 1.40 1545+0.72 1545+ 1.11
10’ 20.13 £0.42 20.06 £ 0.62 17.65+1.98  17.47+0.62
10° 2536+ 1.25 23.94 +1.01 23.02+3.01  20.79+0.07
10° 28.63 £1.00 29.26 +£2.03 2674+ 143 2641 +1.67
10* 34.14+£0.23 33.45+3.21  31.48+0.42  30.60+2.52
10° 38.74 £2.02 37.50£1.42 35.54+2.02 3449+0.43
10 42.32 +1.87 41.89 £2.57 37.06 £3.43  39.02+1.54
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Table 2. Number of positive samples detected for the presence of C. jejuni by qPCR after 6

(t6), 24 (t24) and 48 (t4s) enrichment hours.

Sampling times

Enrichment broths te ta tas
Bolton 11 7 16
Bolton with blood 10 15 19
Preston 13 8 12
Preston with blood 12 6 16
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Table 3. Number of samples which show colonies with the typical Campylobacter spp. aspect
before and after 6 (t¢), 24 (t24) and 48 (tsg) enrichment hours for the four broths considered in
this study. The number of samples that contained Campylobacter spp. after identification of

the isolated colonies by mPCR are identified in brackets.

Sampling times

Selective media to

mCCDA 11(1)

Brilliance Campycount 7 (3)

medium

Enrichment broths te ta4 tas
Bolton 7 (0) 22 (0) 28 (0)
Bolton with blood 3(0) 22 (2) 25 (0)
Preston 8(0) 9(0) 14 (0)
Preston with blood 4 (0) 9(0) 16 (0)
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