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a b s t r a c t
This article summarizes the most effective protocols to isolate Campylobacter spp. (mainly Campylobacter
jejuni and Campylobacter coli) from food, primarily poultry products, and includes a summary of the current
methods recommended by the Food and Drug Administration and the U.S. Department of Agriculture in the
USA, and ISO in Europe. The recommended temperature for incubation of the samples throughout the
isolation procedure is 42 °C. The enrichment of the samples for 48 h, which can be performed under aerobic
conditions, is recommended to achieve a detectable number of Campylobacter cells. Bolton broth or buffered
peptone water supplemented with cefoperazone and amphotericin B is commonly used enrichment broths.
The transfer of the enriched samples to plate media using membrane ﬁlters helps to obtain pure Campylobacter
colonies. Charcoal cefoperazone deoxycholate (CCDA) is the best choice among all plate media. There is no need
to add oxygen quenching substances or blood to enrichment broth for the isolation of Campylobacter spp.
However, the addition of blood to plate media aids in differential identiﬁcation of presumptive colonies. Phase
contrast microscopy and latex agglutination tests are conﬁrmatory tests for presumptive Campylobacter isolates.
The use of multiplex polymerase chain reaction (mPCR) assays is the simplest and most rapid method to identify
isolates to the species level. mPCR assays, or other methods assessing DNA sequence variations, will probably
become the conﬁrmation procedure of choice in the future. Recent work with retail broiler meat has revealed
that the rinsing of meat is more sensitive for the recovery of naturally contaminated retail broiler meat than
current reference methods and requires less time for preparation and processing of the samples. This protocol
could be coupled with DNA-based methods for a fast screening of positive samples.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Campylobacteriosis is a highly prevalent foodborne disease in
industrialized nations. In the US, campylobacteriosis is the third
most frequent bacterial foodborne disease, with 0.8 million estimated
cases that represent 8% of the overall estimated foodborne disease
illnesses (Scallan et al., 2011). Besides the typical diarrheal syndrome,
Campylobacter infection has been linked to Guillain–Barré syndrome,
which is an autoimmune-mediated disorder of the peripheral nervous
system that results in acute demyelinating polyneuropathy (Kaldor and
Speed, 1984; Speed et al., 1984).
Although there are more than 20 Campylobacter spp., Campylobacter
jejuni and Campylobacter coli are the two most important species associated to human disease (Man, 2011). C. jejuni accounts for 80–90% of the
infections reported in the US (Gilliss et al., 2013). In the USA, a mean of
28 outbreaks per year has been reported for years 2003–2008 (Taylor
⁎ Corresponding author at: 15300 Bothell Way NE, Lake Forest Park, WA 98155, USA.
Tel.: +1 206 522 5432; fax: +1 206 306 8883.
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et al., 2013). The consumption of undercooked poultry is considered
a major risk factor for sporadic infections (Friedman et al., 2004).
However, the analysis of outbreak data in the last 10 years identiﬁes
raw milk as the main vehicle of transmission of campylobacteriosis,
with 29% of the outbreaks associated with dairy products versus 11%
associated with poultry and 5% associated with produce (Painter et al.,
2013; Taylor et al., 2013).
C. jejuni has a relatively low infectious dose based on experimental
infection studies. Robinson (1981) reported that approximately 500
organisms were enough to produce infection after the consumption of
a C. jejuni strain isolated from a raw milk outbreak in 1979 (Robinson
et al., 1979). A previous study reported an infectious dose of 106
Campylobacter cells (Steele and McDermott, 1984), but the origin of the
strain used in that study is unknown. The last report on experimental
infections in humans was published in 1988, when disease was induced
in volunteers who were given doses as low as 800 Campylobacter cells of
a C. jejuni strain originated from a milk outbreak. These experiments
corroborated that a low number of cells (less than 1000) can produce
disease in humans (Black et al., 1988). It is accepted that all C. jejuni
strains from all food sources are equally pathogenic, although none of
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the strains isolated from poultry products or other foods have ever been
tested for infectivity in humans. There is a great deal of data uncertainty
when only the single dose–response model is used to calculate infectious
doses, and in the future it is expected that the calculation of conﬁdence
intervals will provide a better understanding of the variability of infectious doses for Campylobacter spp. and other bacterial foodborne pathogens (Moon et al., 2013).
Campylobacter spp. colonize domestic animals (Friedman et al., 2004)
and pets, especially puppies (Damborg et al., 2004; Tenkate and Stafford,
2001), and can be found in recreational waters. In the intestine of avian
species, such as commercial chickens and turkeys, Campylobacter spp.
establish a commensal relationship with the host that results in their occurrence in high numbers in colonized birds (Potturi-Venkata et al.,
2007). Molecular techniques have helped the scientiﬁc community understand that C. jejuni and C. coli are the only species found in commercial
chicken production worldwide (He et al., 2010; Oyarzabal et al., 1997;
Suzuki and Yamamoto, 2009). Although Campylobacter lari strains have
been isolated from live commercial turkeys (Smith et al., 2004), these
strains have not survived storage and no further conﬁrmation of the
presence of C. lari in turkey ﬂocks has been reported (S. Kathariou,
personal communication, March 18, 2013). Therefore, it appears that
turkey isolates are also primarily C. coli or C. jejuni, but C. coli is the
most predominant species.
Contrary to sporadic cases associated with the consumption of
chicken, the consumption of raw, unpasteurized milk has been the
most important source of campylobacteriosis outbreaks in the USA,
Canada and Europe in the last 15 years (Heuvelink et al., 2009; JayRussell et al., 2013; Lejeune and Rajala-Schultz, 2009; Oliver et al.,
2009; Schildt et al., 2006). Feces from animals or infected humans
may also contaminate waters, which in turn may become another
source for campylobacteriosis. Overﬂow of sewage, polluted water
run-off, and agriculture run-off are some of the ways water becomes
contaminated with Campylobacter spp.
The protocols for isolation of Campylobacter spp. from foods were
adapted originally from clinical microbiology protocols, and the methodology for isolation of Campylobacter from milk remains unchanged.
However, the methods for isolation of Campylobacter spp. from poultry
products have undergone several modiﬁcations. This review summarizes the protocols that are currently available for the isolation of
Campylobacter spp. from poultry products, with emphasis on the improvements made in the last 10 years to the isolation and identiﬁcation
protocols targeting C. jejuni and C. coli.
2. Isolation of Campylobacter from foods
Campylobacter spp. are microaerobic bacteria with some species
being thermotolerant. King (1957) noticed that Campylobacter strains
isolated from humans grew well under microaerobic conditions at
42 °C and were serologically different from animal strains. In addition,
the animal strains did not grow at 42 °C, suggesting that these strains
were Campylobacter fetus. Soon after these ﬁndings were published,
microaerobic conditions (5% O2, 10% CO2, and 85% N2) and 42 °C became the standard incubation conditions to isolate Campylobacter spp.
from clinical samples. Eventually, the use of microaerobic environments
and a higher incubation temperature became the protocol of choice to
isolate Campylobacter spp. from poultry and milk products. This higher
incubation temperature inhibits some of the competing microﬂora
present in food samples and allows for the isolation of C. jejuni, C. coli,
C. lari and C. upsaliensis, which are sometimes referred to as the
“thermotolerant” Campylobacter species.

plays an essential role in facilitating the growth of low numbers of
Campylobacter cells for later detection. It is unclear as to which condition selectively is in favor of the multiplication of Campylobacter cells,
and not of the competing bacteria, during enrichment. All attempts
to reduce the enrichment time from 48 to 24 h during the isolation
of Campylobacter spp. from chicken meat have been unsuccessful
(Oyarzabal et al., 2007; Liu et al, 2009). Therefore, the low numbers of
cells (0.6–0.8 CFU per g) present in retail broiler meat, for instance
(Oyarzabal et al., 2007), require incubation at 42 °C for 48 h.
Several types of enrichment broths have been developed for
isolation of Campylobacter from foods (Corry et al., 1995). Usually,
enrichment broths consist of a basal medium, such as Brucella
broth or nutrient broth (Bolton and Robertson, 1982; Corry et al.,
1995), supplemented with antimicrobials. Originally most enrichment
media were supplemented with lysed horse or sheep blood, but it has
been found that blood is not required to isolate Campylobacter spp.
from poultry meat (Liu et al., 2009). Furthermore, formulations without
blood may be more amenable to the coupling with molecular methods
for faster detection and identiﬁcation. The basal medium does not need
to be rich for the isolation of Campylobacter spp. Bolton broth continues
to be one of the best alternatives for enrichment (Baylis et al., 2000) but
buffered peptone water, which has a similar composition as the basal
component of Bolton broth, is equivalent to Bolton broth for the isolation of Campylobacter spp. from retail broiler meat (Oyarzabal et al.,
2007). Table 1 describes the composition of the simplest broth and
plate media for isolation of Campylobacter spp. from poultry products.
The enrichment protocols for the isolation of Campylobacter spp. from
retail broiler meat are based on a ratio of 25 g of meat in 225 ml of
enrichment broth. However, an enrichment ratio of 1:9 (meat:broth)
has been shown to perform similarly to the 1:9 ratio and reduces the
amount of broth used during the isolation process (Oyarzabal et al., 2007).
2.2. Microaerobic environment
Campylobacter spp. have been traditionally isolated under
microaerobic conditions. Various methods have been developed
to create a microaerobic environment that would allow Campylobacter
spp. to grow. A simple system is the use of sachets (Oxoid BR56,
Oxoid, UK) that generate carbon dioxide from sodium bicarbonate and
citric acid, or hydrogen from sodium borohydride with the use of palladium as a catalyst that converts hydrogen and oxygen to water (Sails et
al., 1998). These sachets are used in a contained, sealable environment
provided by jars traditionally used to create anaerobiosis. The sachets
have been improved over the years and it is not longer necessary to
add water to generate the microaerobic conditions. Newer sachets, for
instance, generate carbon dioxide without the production of hydrogen
(CampyGen, Oxoid).
Another system for generation of microaerobic conditions is the
evacuation-replacement system, which uses a pump to evacuate the
air within a jar and then replaces the air with a microaerobic mix.
Microaerobic cylinders are easy to obtain from a gas manufacturer and
the industrial microaerobic mix is adequate in providing the conditions
necessary for the growth of Campylobacter spp. All the above systems
can be employed in conjunction with plastic bags, such as Ziploc bags

Table 1
Comparison of Bolton broth with and without the addition of Oxyrase. Chi-square
(as deﬁned by McNemar) = 0.46. Statistical differences are found when the chi square
vales are ≥ 3.8.

2.1. Enrichment conditions for isolation
During isolation from food samples, the presence of other bacteria
with faster generation time always poses a limitation for the isolation
of low number of Campylobacter cells. Therefore, the enrichment step

Bolton broth

Bolton + Oxyrase

Positive
Negative

Positive

Negative

34
19

16
62
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(SC Johnson, Racine, WI), that are used to freeze foods. These bags
prevent the gas mix from leaking during incubation.
Microaerobic workstations (Don Whitley Scientiﬁc Ltd., West
Yorkshire, UK) are also available and can generate environments
with higher H2 and/or different concentration of O2 and CO2 that
improve the chances of isolating of non-jejuni/coli isolates. These
workstations are usually reserved to large, research laboratories
because of their high cost.
2.2.1. Oxygen quenching substances
Several oxygen-quenching agents have been used in media (broth
and agar) for the isolation of Campylobacter spp. These agents include
lysed horse blood, deﬁbrinated blood from other animals or alkaline
hematin (Corry et al., 1995; Border et al., 1974; Solomon and Hoover,
1999), iron salts, norepinephrine (Bowdre et al., 1976), ferrous sulfate, sodium metabisulﬁte, sodium pyruvate (George et al., 1978)
and charcoal (Hutchinson and Bolton, 1984). These substances are
added to growth media with the purpose of neutralizing the toxic effects of oxygen radicals and to help create a microaerobic environment. However, all of these agents, except blood in plates, are not
consistently used in broth or plate media and their efﬁcacy has not
been fully studied. There is little evidence to date to support their
use in the isolation process.
Oxyrase® (Oxyrase, Inc. Mansﬁeld, Ohio), an enzyme system
that selectively removes oxygen from its surrounding environment,
can be added to both liquid and solid media to reduce oxygen
(Adler et al., 1981). This enzyme is supplied commercially as a sterile
suspension of Escherichia coli membrane fragments and it appears
that the cytochrome electron transport system present in membrane
fragments is responsible for oxygen-quenching activities (Schnaitman,
1970; Adler et al., 1981). Although this enzyme was tested for the growth
of Campylobacter spp. in inoculated food samples (Wonglumsom et al.,
2001), there are no publications evaluating its efﬁcacy in enrichment
media for the isolation of naturally occurring Campylobacter spp. in retail
broiler meat. We performed a study in which 131 commercial, retail
broiler meat samples were tested for naturally occurring Campylobacter
spp. using Bolton broth supplemented with 2% of Oxyrase for Broth™.
From each meat package representing a sample, 25 g of meat was
weighed twice. One 25 g portion was enriched with in 100 ml of Bolton
plus Oxyrase under aerobic condition while the other 25-g portion
(control group) was enriched in 100 ml of Bolton broth supplemented
with 5% (v/v) lysed horse blood under microaerobic conditions (Airgas,
Radnor, PA) using anaerobic jars gassed with a MACSmics Jar Gassing
System (Microbiology International, Frederick, MD). Bolton alone and
Bolton plus Oxyrase were supplemented with 33 mg of cefoperazone
and 4 mg of amphotericin B per liter of medium. All samples were incubated at 42 °C for 48 h and then transferred to modiﬁed Campy-Cefex
(Oyarzabal et al., 2005) agar plates. Presumptive Campylobacter spp.
isolated on plates were identiﬁed to the species level with multiplex
polymerase chain reaction assays as described elsewhere (Oyarzabal
et al., 2005). The isolation rates from Bolton (microaerobic) and Bolton
with Oxyrase (aerobic) were not signiﬁcantly different (McNemar
chi-square = 0.46) (Table 1). However, it is clear now that broth
media naturally produce microaerobic environments suitable for the
growth of Campylobacter spp. (Zhou et al., 2011) and therefore the
addition of Oxyrase to broth would not provide any beneﬁts for isolation
of Campylobacter spp. It seems that Oxyrase may provide some beneﬁts
in the production of microaerobic environments during the incubation
of agar plates, as long as the plates suggested by the manufacturer of
this enzyme are used (Oxyrase, Inc., Mansﬁeld, Ohio). However, the
incorporation of these plates and this enzyme substantially increases
the cost of the isolation procedure.
2.2.2. Microaerobic conditions in enrichment broths
Recent ﬁndings have revealed that the level of dissolved oxygen
(DO) in enrichment broth is low enough that naturally occurring

Campylobacter spp. in retail broiler meat will multiply to detectable
levels under aerobic incubation (Zhou et al., 2011). Using pulsed ﬁeld
gel electrophoresis (PFGE) with a cutoff of 90% DNA relatedness, the
isolates that grew in enrichment broth under microaerobic conditions
also grew in enrichment broth under aerobic conditions. In these
experiments, only plastic bags (Whirl-Pak®, Nasco, Fort Atkinson,
WI, and Ziploc) were tested. It would be interesting to know if
other types of plastic bags and/or containers can be used to enrich
samples under aerobic conditions while maintaining a low DO in
the broth that allows for the isolation of Campylobacter spp.
Using denaturing gradient gel electrophoresis (DGGE) Zhou et al.
(2011) also determined the microbial population of the enriched samples after incubation for 42 h at 42 °C under microaerobic or aerobic
conditions. DGGE is a powerful technique to identify the total microbial population in complex samples. Although the phylogenetic data
obtained from the ampliﬁcation of a small segment of the 16S rDNA
may limit the identiﬁcation only to the genus level, the authors found
that Acinetobacter, Lactobacillus and Pseudomonas were common genera
present in the enriched samples regardless of the incubation condition
(aerobic or microaerobic). Species from these genera are primarily facultative anaerobes or microaerobic organisms that have been reported
in broiler meat (Oyarzabal et al., 2005) and make up several of the spoilage organisms in these food products (Vihavainen and Björkroth, 2010).
A signiﬁcant ﬁnding from these DGGE studies was the large variation in
the microbial community and a lack of similar patterns at the intra- or
inter-sample level. In other words, the bacterial populations after
enrichment appeared to depend more on the original bacterial composition of the meat sample and less on the enrichment conditions
(aerobic vs. microaerobic). The same set of samples tested by ribosomal intergenic spacer analysis (RISA), another DNA-based method
for microbial population studies, corroborated the results from DGGE
(Zhou et al., 2011).
It appears to be a matter of time for DNA-based techniques to clarify
the diversity of the microbial population present in retail broiler meat.
However, the already identiﬁed genera, primarily Pseudomonas and
Acinetobacter, are well-adapted bacteria that are best controlled by the
addition of antimicrobials during enrichment. The use of membrane
ﬁlters when transferring enrichment broth onto plates certainly
helps in the isolation of Campylobacter spp. by reducing the use of
antimicrobials, especially vancomycin, during enrichment and plating (refer to Section 2.4. Use of membrane ﬁlters).

Table 2
Composition of different enrichment and pate media for isolation of Campylobacter spp.
Medium
Enrichmentsc
Bolton broth
Buffered peptone
water
Platese
CCDA
Blood agar plates

Basal mediuma

Supplementsb

Basal medium (27.6 g)
Deionized water (1 l)
Basal medium (20 g)
Deionized water (1 l)

Amphotericin B (4 mg)d
Cefoperazone (33 mg)
Amphotericin B (4 mg)
Cefoperazone (33 mg)

Basal medium (45.5 g)
Deionized water (1 l)
Basal medium, such as
Brucella agar, Columbia
blood agar, etc
Deionized water (1 l)

Amphotericin B (10 mg)
Cefoperazone (33 mg)
Amphotericin B (4 mg)

Cefoperazone (33 mg)
Lysed horse (sheep)
blood (50 ml)

a
Basal media can be purchased from Acumedia (Lansing, MI), Oxoid (Thermo-Fisher),
etc. Some formulations (Bolton broth, CCDA, for example) some manufacturers provide
a set of antimicrobial supplements.
b
All antimicrobial supplements can be purchased from Sigma–Aldrich (St. Louis, MO).
c
From references Oyarzabal et al., 2007; Zhou et al., 2011.
d
It can be replaced by cycloheximide at 50–200 mg per liter.
e
Oyarzabal et al., 2005; Zhou et al., 2011.
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2.3. Campylobacter plating media
Table 2 shows the most common plate media used to isolate C. jejuni
and C. coli from foods. Media can be divided into blood-based, charcoalbased and others. Charcoal cefoperazone deoxycholate (CCDA) is the
most commonly used selective plate medium worldwide (Bolton and
Coates, 1983; Bolton and Robertson, 1982). Although Campylobacter
colonies have unique characteristics on charcoal plate, the dark
background is a challenge for identiﬁcation to the untrained scientist.
However, for those with sufﬁcient experience, CCDA offers an easy
identiﬁcation of Campylobacter spp. and contaminants. On CCDA incubated at 42 °C for 36–48 h, Campylobacter spp. usually appear as gray,
ﬂat, swarming colonies. We particularly consider this agar medium as
one of the best choices based on simplicity and cost.
In general, there are no differences in the isolation rate of naturally
occurring Campylobacter spp. from carcass rinses between charcoalbased and blood-based media. However, Campy-Line plates appear to
be selective against Campylobacter spp. and yield a lower isolation rate
from carcass rinses and poultry fecal material (Oyarzabal et al., 2005;
Potturi-Venkata et al., 2007). Few other media have been developed
and marketed in the last 10 years. One of the newer plates is
CampyFood ID agar (bioMerieux, Marcy l'Etoile, France). Habib
et al. (2008) found that CampyFood ID performed similarly to
CCDA when testing artiﬁcially contaminated samples. However,
CampyFood ID was less effective for the detection of naturally
contaminated samples, where non-Campylobacter colonies had similar color and were undistinguishable from Campylobacter colonies.
The same authors later reported that this plate performed similarly
to CCDA for direct counting of Campylobacter spp. in naturally
contaminated chicken meat samples (Habib et al., 2011). Recently,
a C. jejuni/C. coli Chromogenic Plating Medium has been introduced
into the market (R&F Laboratories, Downers Grove, IL). However,
there are no scientiﬁc publications on this new medium and therefore its incorporation in food microbiology laboratories will depend
on validation studies and cost.
Most selective plate media have several antimicrobial agents,
such as cefoperazone and vancomycin, as the primary inhibitor of
enteric bacterial ﬂora. However, the incorporation of ﬁlter membranes (see Section 2.4. Use of membrane ﬁlters below for an explanation of the role of membrane ﬁlters) has allowed us to reduce
the number and amount of antimicrobials. Currently, the addition
of 33 mg of cefoperazone and 4 mg of amphotericin B per liter of medium appears to be the best combination to isolate Campylobacter
spp. from retail broiler meat (Williams and Oyarzabal, 2012).
Amphotericin B performs similarly to cycloheximide for the isolation
of Campylobacter spp. from poultry products and can be used in enrichment and plate media (Oyarzabal et al., 2005). The incorporation of either of these compounds appears to be a matter of cost. The use of ﬁlters
also improves the performance of blood media, such as Campy-Cefex,
which appears to have low selectivity and isolation rate because of the
growth of competing microorganisms (Chon et al., 2012).
2.4. Use of membrane ﬁlters
Membrane ﬁlters were ﬁrst tested for the isolation of Campylobacter
spp. from animal samples more than 50 years ago. This ﬁltration
technique was ﬁrst used to isolate C. fetus from bulls (Plumer et. al,
1962). In the 1980s and 1990s, a few studies mentioned the placement of drops of stool on a membrane ﬁlter, whose pore size was between 0.45 and 0.85 μm, for the isolation of Campylobacter from stool
samples. The ﬁlter was then placed on the surface of a blood agar and
removed during incubation (Steele and McDermott, 1984; Le Roux
and Lastovica, 1998). While larger microorganisms get trapped in
the ﬁlter, the high motility and the slender shape of Campylobacter
spp. aid in the passage of the cells through the small pores of the
membrane ﬁlter. Le Roux and Lastovica (1998) were able to isolate
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Campylobacter spp. directly from stool samples on plate media without the addition of any selective antimicrobial agent.
The membrane ﬁlter method has been successfully used for isolation
of Campylobacter from foods as well. In one study, 0.45 μm size membrane ﬁlters were used to prevent accidental passing of competitive
ﬂora (Baggerman and Koster, 1992). A comparison of different ﬁlters
showed the highest isolation rate of Campylobacter when drops of a
24 h enriched broth culture were placed on a cellulose nitrate ﬁlter
with pore size of 0.65 μm (Baggerman and Koster, 1992). In another
study, 0.45 μm size membrane ﬁlters were used to prevent accidental
passing of competitive ﬂora (Baggerman and Koster, 1992). In a more
recent study, scanning electron microscope was used to determine the
rate of the passage of Campylobacter cells and to calculate the amount
of time that ﬁlters should be left on plates for optimal recovery of cells
(Speegle et al., 2009). These studies showed that 100 μl of enriched
broth distributed as drops on top of 0.65 μm size membrane ﬁlter for
15 min was sufﬁcient for the recovery of Campylobacter cells. When
using membrane ﬁlters for isolation of Campylobacter on plate media,
the addition of an enrichment step is recommended to allow for the
multiplication of Campylobacter cells to approximately 2–3 log CFU
per ml of enriched broth (Speegle et al., 2009). The main advantage of
the use of membrane ﬁlters is that pure Campylobacter cultures are
obtained in 36–48 h. Because some other contaminating bacteria may
also pass through the ﬁlters, it is advisable to include cefoperazone
and amphotericin B to the plate media used in combination with the ﬁlters. There is no need to add vancomycin when using membrane ﬁlters.
Membrane ﬁlters can also help to obtain pure Campylobacter colonies
from mix cultures and therefore appear to improve the isolation on
agar plates.
3. Identiﬁcation of Campylobacter spp.
3.1. Latex agglutination tests
Latex agglutination tests for rapid identiﬁcation of Campylobacter
spp. have been in use for approximately 20 years. The principle behind
this test is the use of polyclonal antibodies to detect ﬂagellar or outer
membrane proteins. The latex particles are coated with immunoglobulins that are raised against antigen from several Campylobacter species,
primarily C. jejuni, C. coli and C. lari. Several studies have assessed previous latex tests, but as of 2013 there are only two commercial latex tests
available in the US market: Microgen M46 Campylobacter (Microgen
Bioproducts Ltd., Camberley, Surrey, United Kingdom), which reacts
with most of the Campylobacter spp., and SCIMEDXCAMPY (jcl)™
(Scimedx Corp., Denville, NJ), which reacts only with C. jejuni, C. coli
and C. lari (Miller et al., 2008). Although several studies have assessed
previous latex tests, only one commercial latex test is available in the
market. Of present importance, a latex agglutination immunoassay,
and/or the use of phase contrast microscopy are considered conﬁrmatory tests in the suggested methodology for isolation, identiﬁcation
and enumeration of Campylobacter spp. from poultry rinses and sponge
samples by the U.S. Department of Agriculture (Anonymous, 2013a).
It is important to remember that positive controls must be run with
any latex agglutination test.
3.2. Enzyme-linked immunosorbent (EIA) assays
Similarly to the latex test, there were several EIA assays commercially available for the identiﬁcation of Campylobacter spp. in foods,
but most of these tests have been discontinued. Currently, commercial
tests include mainly the VIDAS® Campylobacter (bioMerieux, Marcy
l'Etoile, France), which is an automated EIA system that has undergone
several validations and has been in use in several countries for numerous years (Liu et al., 2009; Reiter et al., 2010). There are currently
four non-automated EIA assays for clinical samples: the Premier™
CAMPY microplate EIA and the ImmunoCard STAT! CAMPY by Meridian
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Bioscience, Inc. (Cincinnati, OH) (Granato et al., 2010); the ProSpecT™
Campylobacter assay by Remel Inc. (Lenexa, KS) (Granato et al., 2010;
Tribble et al., 2008); and the Ridascreen® Campylobacter by RBiopharm AG (Germany) (Bessede et al., 2011). These assays have a
sensitivity of 105–6 CFU (colony forming units) per ml−1 (Oyarzabal
and Battie, 2012). A recent evaluation of these assays showed that EIA
assays are quite variable and that these assays alone should not be
used for direct identiﬁcation of Campylobacter spp. in stool samples. In
addition, EIA assays are not sufﬁcient for conﬁrmation and therefore
laboratories should conﬁrm positive EIA results by culture methods
(Fitzgerald et al., 2011).
3.3. Molecular identiﬁcation methods
Molecular identiﬁcation methods are fast and speciﬁc for the identiﬁcation of Campylobacter spp. Besides detecting speciﬁc segments of
DNA or RNA, sequencing protocols are now providing a fast way to detect speciﬁc segments of the DNA that are unique for identiﬁcation to
the species and sometimes subspecies level. Currently, these methods
provide reliable tools for rapid screening of presumptive positive samples. However, the two regulatory agencies in charge of food safety in
the USA, the Food and Drug Administration of the Department of Health
and Human Services, and the Food Safety and Inspection Services of the
U.S. Department of Agriculture, do not consider these molecular tests
“conﬁrmatory” and therefore the actual culture has to be obtained
from presumptive positive samples for conﬁrmation purposes.
3.3.1. Polymerase chain reaction (PCR) and multiplex PCR (mPCR) assays
Since the ﬁrst polymerase chain reaction (PCR) assay for the identiﬁcation of Campylobacter spp. more than 20 years ago (Oyofo et al.,
1992), PCR has become one of the most commonly used platforms
for the identiﬁcation of these foodborne pathogens. Genes unique to
Campylobacter spp. have been used as targets for PCR assays t to identify
different Campylobacter spp. Manufacturers of PCR-based methods include enrichment protocols to recover injured or stressed cells and to
increase the number of cells to detection level. The sensitivity of PCR assays is in the range of 103 CFU per ml in pure cultures, but the sensitivity
is reduced considerably when testing food matrices. The enrichment
step also serves as a calibration to increase the probability of conﬁrming
a presumptive positive by cultural methods.
Until 8–10 years ago, PCR assays were single PCR reactions, meaning
that they detected only one bacterial species. But in recent years a series
of multiplex PCR (mPCR) assays have been designed to detect the presence of two or more species in the same sample. For instance, PCR assays
have helped us understand that both C. jejuni and C. coli multiply to detection numbers during the enrichment of naturally contaminated retail
broiler meat (Oyarzabal et al., 2007). Although the presence of both
Campylobacter spp. was suggested in enriched poultry meat, it is extremely difﬁcult to isolate both species from the enrichment with current plate media. Several multiplex PCR assays have been successfully
used for testing a large number of commercial retail broiler meat
(Cloak and Fratamico, 2002; Linton et al., 1997; Oyarzabal et al., 2005,
2007; Persson and Olsen, 2005; Zhou et al., 2011) and therefore these
protocols assist in providing rapid identiﬁcation of Campylobacter spp.
The platform for the detection of ampliﬁed product has already
moved to real time detection protocols. There are two commercial real
time PCR (qPCR) assays in the market: BAX® System for C. jejuni/coli/
lari (DuPont, Qualicon, Wilmington, DE) and iQ-Check™ Campylobacter
(Bio-Rad, Hercules, CA). More assays based on real time platforms, and
its variations, will continue to appear in the market in the near future.
Recently, a multiplex qPCR assay that targets the ceuE enterochelin
gene for iron acquisition in C. jejuni (accession X82427) and C. coli
(accession X88849) was developed and a total of 166 strains were
tested in inclusivity and exclusivity studies (Gharst et al., 2013). This
qPCR protocol was able to detect 100% of 59 Campylobacter strains
examined, which included 34 C. jejuni strains and 25 C. coli strains.

Analysis of 107 strains for the exclusivity studies resulted in no false
positives using this qPCR assay.
4. Current detection methodologies in the USA
4.1. USDA Food Safety Inspection Service (FSIS), Ofﬁce of Public Health
Science (OPHS) C. jejuni/coli detection methodology
The methodology suggested by FSIS is described in Microbiology
Laboratory Guidebook (MLG) 41.02 (Anonymous, 2013a). This methodology focuses on the isolation of Campylobacter spp. from carcass rinses
and sponge samples from poultry. Carcass rinses are collected by the use
of 400 ml of peptone water and gently shaking the collected carcass for
1 min to ensure even distribution.
The quantitative analysis from the direct plating of 1.2 ml of the
rinse on selective agar plates is the only value that FSIS USDA use
for reporting results. FSIS USDA does not endorse any particular
product and acknowledges that equivalent products are available
for Campylobacter isolation and identiﬁcation. Although a bloodbased plate medium is suggested in MLG 41.02, similar results for
direct count of Campylobacter spp. from poultry carcass rinses
were found using different charcoal and blood plate media in
a large study (Oyarzabal et al., 2005). Therefore, charcoal-based
plates, such as CCDA, are the best alternative to blood-based plates.
It is important to mention that the addition of more plates and/or
the enrichment of the carcass rinse result in a high number of
Campylobacter positive samples. These ﬁndings highlight the fact
that the number of Campylobacter cells in processed carcass rinses
is slightly lower than the limit of detection achieved by direct
plating (Fig. 1).
Quantitative examination uses 1 ml of the 400 ml peptone water
carcass rinse distributed in 250 μl aliquots across four Campy-Cefex
plates. Because of the large amount of liquid applied to the plates, it is
important to properly dry the plates before use. The drying of the plates
is still an empirical process and laboratories should identify the best
practices for their own environments. Plates are incubated at 42 °C for
48 h under microaerobic conditions. Qualitative analysis of the sample
was suggested by enriching 30 ml carcass rinse in 30 ml of 2 × Bloodfree Bolton enrichment broth (BF-BEB) and then transferring 0.1 ml of
the enriched sample to agar plates for isolation. However, scientists at
FSIS USDA have recently compared the results from the quantitative
(1 ml) and the qualitative (30 ml) portions for 248 sets from young
chicken establishments and have decided to discontinue the qualitative
portion in future tests (Anonymous, 2013b).
The turkey sampling protocol uses a single sponge to sample 50 cm2
of the back and 50 cm2 of the thigh for a total area of 100 cm2 of one turkey carcass sampled. The resulting sponge is then placed into 25 ml of
peptone water. The sponge is squeezed multiple times before quantitative or qualitative examination. Quantitative testing uses 1 ml of the
25 ml distributed equally in 250 μl aliquots across four Campy-Cefex
plates. Dilutions are prepared accordingly to obtain a countable range
of suspected C. jejuni/coli CFU per plate. Qualitative results are obtained
by enriching the rest of the diluent and sponge using an equivalent volume of 2 × BF-BEB. A 100 μl portion is plated onto each of two CampyCefex agar plates and incubated at 42 °C for 48 h under microaerobic
conditions.
Currently, the FSIS recommends the use of phase contrast microscopy or a latex agglutination kit for the conﬁrmation of presumptive
Campylobacter positive isolates. The conﬁrmation by phase contrast
microscopy requires the use of a 100 × immersion oil objective to observe the spiral morphology and high motility. In 24–36 h cultures,
Campylobacter cells are highly motile and therefore it is difﬁcult to
clearly see their morphology under high magniﬁcation. In these
cases, the slide can be left at 42 °C for 2–3 h or slightly heated to reduce the motility of the cells and allow for a better visualization of
the spiral shape. Lower magniﬁcation phase contrast objectives,
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Fig. 1. Percentage of positive samples for Campylobacter spp. after plating carcass rinses on six different plates. A and B are statistically different (P b 0.05) with the Fisher exact test calculated using R (Anonymous, 2013c). The analysis was done on data from reference Oyarzabal et al. (2005).

such as 40 ×, can result in the erroneous conﬁrmation of isolates that
are not Campylobacter spp. but have high motility. Conﬁrmation can
also be done by the use of a latex agglutination test.
4.2. New methodology from the U.S. Food and Drug Administration (FDA)
The current Campylobacter detection method from food and water is
described in Chapter 7 of the Bacteriological Analytical Manual (BAM)
(Hunt et al., 2001). This protocol includes a pre-enrichment step in
which 25 g of the suspected food matrix is combined with 100 ml of
Bolton broth supplemented with lysed horse blood and the corresponding selective antibiotics (vancomycin, trimethoprim lactate,
amphotericin B or cyclohexamide, cefoperazone) at 37 °C for 4 h.
Then the temperature of incubation is raised to 42 °C for 20–44 h
followed by plating on charcoal based modiﬁed CCDA or Abeyta–
Hunt–Bark. Presumptive colonies are examined by phase contrast
microscopy for characteristic shape and motility. A gas tank system
(“bubbler”), shaking ﬂasks, or bag system are the suggested conventional method used to achieve the desired microaerobic conditions
for incubation. Typical colonies are conﬁrmed by biochemical testing
such as oxidase, catalase, TSI reaction, glucose utilization, and hippurate
hydrolysis (Hunt et al., 2001). However, biochemical tests, specially the
use of the hippurate test and antimicrobial resistance, are unreliable
and very few, reference laboratories use these tests (Morris et al.,
1985; Oyarzabal et al., 1997).
Many variants are listed for this protocol depending upon the food
matrix. For example, raw milk has a centrifugation step at 12,000 ×g
for 40 min with the adjustment of the pH to 7.5 ± 0.2 using sterile
NaOH. This pH adjustment will inactivate the lactoperoxidase system,
toxic to Campylobacter. Detection of Campylobacter from water typically
uses 2–4 L and requires ﬁltration with a pore size of 45 μm before
enrichment (Hunt et al., 2001).
The scientiﬁc community has made numerous advances in the
detection of Campylobacter in the past few years, including media,
detection equipment, and molecular procedures. To emphasize these
advancements and overcome some of the drawbacks of the reference
culturing methods, an updated methodology has been developed for
rapid isolation and detection of C. jejuni and C. coli (Fig. 2). A key component of this revised protocol was developing a conﬁrmation method

based on real-time PCR (qPCR) targeting the enterochelin ceuE gene for
iron acquisition (Gharst et al., 2013). This revised method will hopefully allow consistency in the conﬁrmation among many agencies
and private industry, provide higher throughput of sample analysis,
simplify speciﬁc identiﬁcation from suspect foods, and reduce the
detection time.

Fig. 2. Diagram summary of proposed updated FDA method. CCPM = R & F® Campylobacter
jejuni/C. coli Chromogenic Plating Medium.
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5. Review of International Organization for Standardization (ISO)
In 2009 the International Organization for Standardization (ISO)
revised 10272. This revision described numerous new updates to the
protocol for the detection and enumeration of Campylobacter from
food and animal feeding stuffs (Anonymous, 2006). Currently 10272
states that no single enrichment is optimal for Campylobacter detection
in all foods and that selectivity is greater using Preston broth. The revised
version suggests the use of Bolton broth incubated microaerobically for
4–6 h at 37 °C then 40–48 h at 41.5 °C in foods with low background
or stressed Campylobacter organisms (Anonymous, 2009). The detection
of Campylobacter from foods with high background count such as raw
chicken products, raw meats, and raw milk uses Preston broth and
microaerobic incubation for 24 h at 41.5 °C then isolation using
mCCDA. All plating revisions to the standard use mCCDA as primary
selective medium in combination with a medium not containing
cefoperazone like Preston agar. As depicted above, incubation is done
under microaerobic conditions using a variety of apparatus. Four options
to obtain microaerobic conditions are outlined to include a cabinet that
automatically controls the gaseous atmosphere, gas ﬁlled jars, jars
using gas-generating kits, and screw capped bottles with limited headspace. The addition of blood, charcoal, hemin, ferrous sulfate, sodium
metabisulﬁte, and sodium pyruvate is indicated as desired additives to
neutralize any toxic effects from O2, H2O2, and superoxide ions
(Anonymous, 2009). Enumeration is obtained by plating the initial suspect suspension using decimal dilutions (Anonymous, 2007). A rather interesting revision when expecting low counts is to plate 1 ml of the
initial suspension over three agar plates, in duplicate.
Conﬁrmation/identiﬁcation of suspect isolated colonies is traditionally ascertained using biochemical tests such as oxidase, catalase,
hippurate, and indoxyl acetate. Interestingly, the revision to this standard advises removing antibiotic sensitivity tests for nalidixic acid and
cephalothin and aerobic growth at 41.5 °C concerning identiﬁcation.
Additional conﬁrmation tests recommended in the standard include
latex agglutination kits. Other tests to conﬁrm/identify suspect colonies
are PCR, microarray, immunological tests, and O.B.I.S. campy kit
(Gram-lysis and L-alanyl aminopeptidase) (Oxoid).
6. Updates on protocols for sample collection
The spatial appearance of bacteria in foods is explained by a contagious distribution, where the variance is signiﬁcantly greater than the
mean. Although several mathematical models have been proposed to explain this distribution, the binomial or negative binomial models are
commonly used in food microbiology (Jarvis, 2008). In 2-class attributes
sampling plan (presence/absence), the testing for the presence of a bacterial foodborne pathogen is done under the premise that the pathogen
is not present in the sample. From the statistical standpoint, this premise
(null hypothesis) signiﬁes that the failure to ﬁnd a pathogen when it is
present is a Type II error and represents a false negative result (Ferrier
and Buzby, 2013). Because the probability of ﬁnding a positive sample
under this scheme is very low, and assuming that there are no methodological errors or artifacts, a Type I error (false positive) is reserved for the
status of a sample after the ﬁrst screening and from which no bacterial
pathogen has been isolated after attempting a cultural conﬁrmation. In
the case of a positive, the recommendation is not to argue the results because re-testing will probably yield negative results and therefore a false
sense of safety. From the public health stand point, Type II errors (false
negative results) are the most dangerous and, probabilistically speaking,
very difﬁcult to predict. If increasing in sample size reduces the probability of incurring into a Type II error, it would be logical to think that
more sampling protocol should have been tried over the years to understand how to reduce Type II errors and improve public health outcomes.
But this is not the case with the testing of Campylobacter spp. in foods for
the last 40 years, in which the actual sampling protocols have been
unchallenged.

The incorporation of HACCP in 1996 brought about the increase in
the amount of liquid to 400 ml for the collection of rinses from
processed carcass in commercial poultry processing plants. But the
actual sampling protocol, the rinse of a carcass, dates back to the
1970s (Smith and Muldoon, 1974). The testing for the performance
standard for Campylobacter spp. in poultry is performed on chilled,
processed broiler carcasses, before carcasses undergo further processing to portioning (Anonymous, 2011). The only incorporation
of an original sampling method is the use of sponges to sample the
large carcasses of turkeys.
In the USA, most of the retail broiler meat is sold as boneless,
skinless products in tray packs. Yet, there is no performance standard
for Campylobacter spp. at the retail level. The current testing at retail
entails the enrichment of 25-g of poultry meat in nine times the volume
of enrichment (225 ml). However, a ratio of 1:4 of meat:enrichment
has been shown to produce similar results (Oyarzabal et al., 2007). The
latest modiﬁcation to the sampling techniques for retail samples involve
the rinse of chicken parts in 100 ml of buffered peptone water with a
subsequence incubation at 42 °C for 48 h under aerobic conditions
(Oyarzabal et al., 2013). This protocol has shown to be more sensitive
for the recovery of naturally contaminated retail broiler meat, it requires
less time for preparation and processing of the samples, and it is
perhaps more amenable to coupling with DNA-based methods for a fast
screening of positive samples. The increase in the number of positive
samples with this new sampling method also translated in a more diverse
number of types based on pulsed ﬁeld gel electrophoresis. Therefore, new
sampling protocols should be tested at the retail level to determine if the
strains that have more epidemiological relevance to humans can be
quickly identiﬁed, and to test the efﬁcacy of interventions to reduce
human exposure to Campylobacter spp.
7. Conclusions
Campylobacter is a signiﬁcant foodborne pathogen associated with
the consumption of undercooked poultry or raw milk. In poultry products, the only Campylobacter spp. are C. jejuni and C. coli. In samples
with low number of cells, the enrichment for 48 h under aerobic conditions is recommended to achieve a detectable number of Campylobacter
cells. Bolton broth and even buffered peptone water can be used as
enrichment broths, and CCDA is the best choice in plate media. The
incubation of samples at 42 °C throughout the isolation process is still
preferred. The conﬁrmation of presumptive Campylobacter isolates suggested by FSIS USDA is based on phase contrast microscopy and latex
agglutination test. It is important, however, to use a 100× immersion
oil objective to avoid mistakes during the conﬁrmation by phase contrast microscopy. Although not accepted by food regulatory agencies
in the USA, DNA assays are simple and rapid methods to conﬁrm
Campylobacter isolates and identify them to the species level at the
same time. Finally, the recent development in sampling procedures
highlights that the rinsing of retail broiler meat is more sensitive for
the recovery of naturally contaminated retail broiler meat; requires
less time for preparation and processing of the samples. This protocol
could be coupled with DNA-based methods for a fast screening of positive samples.
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