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Introduction

Campylobacter infections pose a serious public health

problem; the incidence of campylobacteriosis has progres-

sively increased in developed countries, and the pathogen

is now considered the leading cause of bacterial gastroen-

teritis throughout the world (Humphrey et al. 2007;

FAO ⁄ WHO, 2009). Thermophilic Campylobacter jejuni

and Campylobacter coli are the most frequently isolated

species in foodborne zoonoses in humans (EFSA Journal,

2011). Campylobacter can establish itself as a subclinical

infection in humans, but frequently causes a range of

clinical symptoms varying from self-limited, mild diar-

rhoea to severe inflammatory bloody diarrhoea. Occasion-

ally, acute or long-term and potentially serious

complications occur such as septicaemia, irritable bowel

syndrome, reactive arthritis or autoimmune neuropathies

(Guillain-Barré and Miller Fisher Syndrome) (Godschalk

et al. 2004; Leonard et al. 2004; Takahashi et al. 2005;

Humphrey et al. 2007). Large outbreaks are uncommon,

and the vast majority of human campylobacteriosis cases

are sporadic; they most likely result from handling or

consumption of raw or undercooked contaminated meat

products. Other foodstuffs, untreated drinking water and
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Abstract

Aims: To identify the optimal method for detection of thermophilic Campylo-

bacter at various stages in the food chain, three culture-dependent (direct plat-

ing, Bolton and Preston enrichment) and one molecular method (qPCR) were

compared for three matrices: poultry faeces (n = 38), neck skin (n = 38) and

packed fresh meat (n = 38).

Methods and Results: Direct plating was compared to enrichment with either

Bolton broth (ISO 10272:2006-1) or Preston broth, followed by culture on two

selective agars: modified charcoal cefoperazone desoxycholate agar (mCCDA)

and Campyfood agar (CFA). Direct plating on CFA provided the highest num-

ber of positive samples for faeces and neck skin samples. Enrichment of meat

samples in Preston followed by plating on mCCDA gave significantly higher

number of positives than the recommended ISO method. Real-time qPCR

yielded the highest number of positive samples.

Conclusion: Direct plating on CFA is optimal for Campylobacter isolation from

highly contaminated samples such as faeces or neck skin. When enrichment is

required for less-contaminated samples such as poultry meat, Preston broth is

the best choice. The maximum of detectable cells predicted by qPCR is a sensi-

tive and powerful evaluation tool.

Significance and impact of the study: The recommended ISO protocol had the

least sensitivity, and application of this method could result in underreporting.

We detected a high prevalence of Campylobacter on packed meat to be distrib-

uted, which suggests this is still a significant risk for consumers.
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milk have also been associated with the illness, but poul-

try products are considered the major source of infection

(Pebody et al. 1997; Altekruse et al. 1999; Pires et al.

2010).

Bacteriological culture of Campylobacter spp. can be a

challenge, owing to the fragility of these organisms. The

use of a selective medium is recommended for the recov-

ery from stool and faeces; for samples with low bacterial

numbers, filtration or enrichment steps are typically

added to improve recovery (Hu and Kuo 2011). Direct

plating on selective agar media is common practice for

Campylobacter isolation from several matrices (drinking

water, environmental (dust) or intestinal samples), but an

ideal single method for the entire range of samples

requiring testing has not been developed (Baylis et al.

2000; Engberg et al. 2000; Musgrove et al. 2001; Commis-

sion Decision 2007 ⁄ 516 ⁄ EC). In 2006, the International

Organization for Standardization (ISO) standard method

for detection of Campylobacter spp. in food recommended

enrichment using Bolton broth, followed by culture on

selective modified charcoal cefoperazone desoxycholate

agar (mCCDA) and one other alternative agar plate (ISO,

2006).

For our study, which covered various matrices, we

compared the results of traditional culturing methods and

a real-time quantitative PCR assay, in an attempt to com-

bine optimal sensitivity with short isolation and confir-

mation time. We evaluated three different procedures for

Campylobacter isolation: direct plating on selective media

[mCCDA or Campyfood Agar (CFA)], four combinations

of enrichment and plating media (Bolton or Preston

enrichment, combined with mCCDA or CFA plates) and

molecular detection by real-time PCR (qPCR). The evalu-

ation was performed on naturally contaminated broiler

faeces, neck skin and poultry meat samples.

Materials and methods

Samples

A total of 114 chicken samples were tested from April

2010 to February 2011 consisting of neck skin (n = 38),

breast meat (n = 38) and faecal samples (n = 38). From

individual batches of birds, intestines (n = 380, ten

homogenized caecum contents per sample), neck skin

(n = 38) and packaged breast meat specimens (n = 28)

were obtained at the slaughterhouse after evisceration

(caecum), immediately after chilling (neck skin) and at

the end of the processing line (meat). In addition, inde-

pendent breast meat packages (n = 10) were sampled at

retail. All samples were kept refrigerated during transport

to the laboratory, and culture was performed immediately

after reception. In addition, 300 mg of each fresh sample

was stored at )40�C for subsequent DNA extraction and

qPCR.

Method 1: direct plating onto selective medium

(mCCDA and CFA)

For direct plating of stool samples, a swab was dipped

into the sample and streaked onto selective plates. For

neck skin and meat samples, a surface of approximately

5 cm2 was swabbed. All swabs were directly streaked onto

Campylobacter blood-free selective medium (mCCDA,

modified charcoal cefoperazone desoxycholate agar,

CM739; Oxoid, Basingstoke, UK) and onto ready-to-use,

chromogenic-like CFA plates (Campyfood agar; Ref

43471, bioMérieux, Marcy l’Etoile, France). Following

incubation at 42�C for 48 h under microaerobic condi-

tions (Genbag microaerobic atmosphere generator, Ref

45532, bioMérieux), the plates were examined. Up to five

colonies with Campylobacter-typical morphology (accord-

ing to the manufacturer’s instruction) were cultured onto

blood agar plates (bioMérieux) at 37�C for 48 h in a

microaerobic atmosphere for further identification using

conventional PCR. If more than one colony morphology

was observed, representative colonies of these were

picked. A sample was considered positive if at least one

colony was confirmed by PCR.

Method 2: ISO 10272:2006-1 using enrichment with

Bolton broth

The recommended ISO 10272:2006-1 protocol included

enrichment in Bolton broth (CM0983; Oxoid) supple-

mented with antibiotic supplement (SR0183) and 5%

lysed horse blood (SR0048) (both from Oxoid). One

gram of neck skin was aseptically transferred to a 10-ml

sterile screwcap bottle, and 9 ml Bolton broth was added.

Meat samples (25 g taken from the surface) were trans-

ferred to sterile stomacher bags with filter and pouch and

mixed with 225 ml Bolton broth, while 10 g of fresh fae-

ces was mixed in stomacher bags with 90 ml Bolton

broth. These were incubated with a Genbox atmosphere

generator. Enrichment was performed for 4–6 h at 37�C

followed by 48 h at 42�C, after which 200 ll was cultured

for 48 h on the two selective agar plates (mCCDA and

CFA) as described above.

Method 3: enrichment method using Preston broth

The third tested procedure was based on a previous rec-

ommendation described in ISO 10272:1995-1 (ISO, 1995,

now withdrawn) and included enrichment using Preston

broth (Nutrient broth No. 2, CM0067; Oxoid) that was

prepared according to the manufacturer’s instructions
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and supplemented with 5% lysed horse blood (SR0048)

and antibiotic (SR0204 and SR0232E; Oxoid). The enrich-

ment step with Preston broth was performed at 42�C for

48 h according to Corry et al. 1995 (though ISO

10272:1995-1 recommended 18 h), and all further steps

were performed as described in Method 2.

Identification of suspected Campylobacter colonies

Suspected Campylobacter colonies were picked and sub-

cultured onto blood agar plates (bioMérieux) by micro-

aerobic incubation at 37�C for 48 h. DNA was liberated

by boiling a colony, suspended in 600 ll of sterile double

distilled water, for 10 min.

Conventional multiplex PCR was used for simultaneous

identification of the genus Campylobacter and the differen-

tiation between Camp. jejuni and Camp. coli. All primers

were designed by Oligo 6.0 software (Molecular Biology

Insights, Cascade, CO, USA). For genus identification, a

primer set specific for the 16S rRNA gene of all Campylo-

bacter spp. was designed based on 79 sequences

(14 Camp. jejuni, 13 Camp. coli, 47 Campylobacter spp.

and five from other genera). Primer 16s1 (5¢-GGATGAC-

ACTTTTCGGAGC) combined with degenerated primer

16s2 (5¢-TTDGYATTYCSGCTTCGAGT) produced a

1039-bp amplicon. Their specificity was verified using 30

strains of Campylobacter spp. that had been speciated

based on biochemical characterization as well as PCR

identification (Mateo et al. 2005). For identification of

Camp. coli, species-specific primers targeting ceuE (ente-

rochelin uptake periplasmic-binding protein gene) were

designed, based on 30 different Camp. jejuni and Camp.

coli ceuE sequences. The primers COL1 (5¢-ACTTTCCAT-

GCCCTAAGAC) and COL2 (5¢-TCCACCTATACTAGG-

CTTGTC) produced a 102-bp amplicon for Camp. coli

only. These primers were verified using 24 Camp. jejuni

and Camp. coli strains that had been unambiguously spe-

ciated, while 20 strains of other Campylobacter species did

not produce an amplicon. The strains used for verification

included Camp. jejuni ATCC 33560 and Camp. coli CRL C

2Æ2, (2007) that were obtained from the EU Reference

Laboratory of Antimicrobial Resistance (Technical Univer-

sity of Denmark, Lyngby, Denmark). For the identification

of Camp. jejuni, the hipO gene (hippurate hydrolase) was

chosen, and for primer selection, 40 different sequences of

Camp. jejuni were compared. A 130-bp amplicon was

obtained using JEJ1 (5¢-CTCCTATGCTTACAACTGCTG)

and JEJ2 (5¢-GGTGGTCATGGAAGTGCT) whose specific-

ity was verified as above. Furthermore, positive controls

were included using DNA from Camp. jejuni strain ATCC

33560 and Camp. coli strain CRL C 2.2, and a negative

control contained all reagents except DNA. PCR amplifi-

cation was performed in 20 ll containing 1Æ8 ll of lysed

cell supernatant, 10 ll of a PCR master mix (kit Qiagen

Multiplex PCR; Hilden, Germany) and 0Æ19 lmol l)1 of

each primer (Invitrogen, Life Technologies, Paisley, UK).

The amplification was performed in a Thermal Cycler

(C1000; Bio-Rad Laboratories, Hercules, CA, USA) with

denaturation for 15 min at 95�C, 35 cycles with 30 s at

95�C, 90 s at 56�C and 1 min at 72�C and a final 10-min

extension at 72�C. Amplicons were detected by gel electro-

phoresis using 2% agarose gels containing 10 mg ml)1

SYBR green stain (Invitrogen, Life Technologies) for

40 min at 400 mA. A DNA molecular weight marker

(100-bp low ladder; Biotools, B&M Labs, Madrid, Spain)

was included for reference. Bands were visualized under

UV light, and gel images were taken with a UV Bio-Rad

Molecular Imager (Bio-Rad).

A sample was considered confirmed if the genus-

specific amplicon as well as either a Camp. coli or a

Campy. jejuni-specific amplicon was obtained from a

colony.

Method 4: molecular detection (multiplex real-time

PCR)

DNA was extracted from 300 mg of neck skin or meat

using the QIAamp DNA Mini Kit 50 (Qiagen) and

from 300 mg stool using the QIAamp DNA Stool Mini

Kit 50 (Qiagen). Extracted DNA (eluated in 130 ll)

was subjected to an in-house multiplex real-time PCR

assay using the ceuE and hipO amplification primers as

mentioned above, to detect and differentiate both species

in a single reaction. Fluorophore-linked probes were

added for detection of the amplicons: Camp. jejuni-

specific hipO amplicon was detected using probe HEX-

5¢-AGATCCTATTTATGCTGCTTCTTTRC-BHQ, and the

Camp. coli-specific cueE amplicon was detected with

probe FAM-5¢-ATAAAGTTGCAGGAGTTCCAGCTAAA-

BHQ. The specificity of these hydrolysis probes was con-

firmed using the set of 24 Camp. jejuni and Camp. coli, as

well as 20 strains of other Campylobacter species,

described above. All reactions were carried out in tripli-

cate with inclusion of a negative template control as well

as positive controls. For generation of a standard curve,

1 ng DNA of Camp. jejuni ATCC 33560 was mixed with

1 ng DNA of Camp. coli CRL C 2.2, and ten-fold serial

dilutions were produced up to 10)4 (range, 5Æ649 · 105–

5Æ649 · 101 DNA copies). When tested, a 10)5 dilution of

this standard mixture frequently remained negative. All

standard dilutions and samples were performed in tripli-

cate. The simultaneous detection and quantification of

Camp. jejuni and Camp. coli allowed detection of contam-

ination by more than one Campylobacter species.

The multiplex PCR was performed using an iCycler

thermal cycler (Bio-Rad Laboratories). Reactions (final
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volume 25 ll) contained 5 ll of template DNA, 12Æ5 ll

of QuantiTect Multiplex PCR No ROX Mastermix (QIA-

GEN), 0Æ4 lmol l)1 of each amplification primer and

0Æ25 lmol l)1 of each probe. The thermal cycle protocol

included initial denaturation at 95�C for 15 min, followed

by 40 cycles (94�C for 1 min, 56�C for 1 min) and a final

extension at 72�C for 10 min. Fluorescence of FAM and

HEX was measured at their respective wavelengths during

the annealing step of each cycle. An internal amplification

control was included in the form of a construct of 111 bp

of foreign sequence (derived from Oncorhynchus mykiss

viperin NCBI accession number: NM_001124253.1)

flanked by the Camp. jejuni-specific hipO primers.

Data analysis

Data were analysed using spss (19.0 IBM, Chicago, Il,

USA). Significance of differences (P < 0Æ05) between pro-

portions of positive samples obtained with the different

protocols was assessed using chi-squared and Fisher’s

exact test depending on sample size. Quantitative results

of qPCR were transformed to base-10 log values. Correla-

tions between Camp. coli and Camp. jejuni results were

evaluated using Spearman’s rank correlation coefficient.

Results

The results of the four detection methods, regardless of

the Campylobacter species detected, are summarized in

Table 1. Irrespective of the sample type, between 22Æ8%

and 60Æ5% were found positive by culture-dependent

methods 1–3, depending on the method, while qPCR

detected 98Æ2% of positive samples. Direct plating was

more sensitive than the two enrichment-dependent meth-

ods, and this difference was highly significant when com-

pared with Bolton enrichment (P < 0Æ001; there was no

significant difference between direct plating and Preston

enrichment for all samples combined). When enrichment

was included, Preston broth performed better than

Bolton, and this difference was highly significant

(P < 0Æ001). The ISO standard protocol performed worst

for all three sample types. However, the alternative meth-

ods performed differently depending on the type of sample

matrix. For faeces and neck skin samples, direct plating

resulted in the highest numbers of positives, although the

difference between direct plating and Preston enrichment

was not statistically significant for neck skin samples. In

contrast, for meat samples, enrichment with Preston broth

was superior to the other two methods (P = 0Æ001,

between Preston and Bolton enrichment; P < 0Æ001,

between Preston enrichment and direct plating).

Table 1 also summarizes the number of samples found

positive with any combination of enrichment broth and

culture plates. Although this resulted in the same total of

69 positive samples as direct plating did, the number of

positive faecal samples obtained with enrichment was

lower, while that of positive meat samples was higher

than what was obtained by direct plating. The poor per-

formance of enrichment of stool samples was most likely

due to competing intestinal microbiota, while the Preston

enrichment improved detection of Campylobacter in meat,

probably reflecting the lower initial bacterial load of these

samples. Of the 69 samples that were positive by enrich-

ment with at least one of the two tested broths, only 21

(30%) tested positive using both broths. Quantitative

PCR was performed on all samples, and this was the most

sensitive method tested. As expected, all samples found

positive by culture were also positive by qPCR. The

results obtained with qPCR were interpreted to reflect a

theoretical maximum of positive samples, and they could

be an overestimate; culture-negative but qPCR-positive

samples might be due to detection of noncultivable and

dead cells. Taking the qPCR as the theoretical maximum

(100%) of detection, the results of the other methods

were expressed as a fraction of this to visualize their

respective performance (Fig. 1).

All tested culture-dependent methods included, as a

final step, incubation on both mCCDA and CFA agar

Table 1 Results obtained from 114 samples of neck skin (n = 38), faeces (n = 38) and chicken meat (n = 38) using direct plating, enrichment

protocols (Bolton, Preston or both broths) and molecular detection of Campylobacter

Method

Faeces

(n = 38) (%)

Neck skin

(n = 38) (%)

Meat

(n = 38) (%)

Total

(n = 114) (%)

1. Direct plating* 34 (90) 31 (82) 4 (11) 69 (61)

2. Bolton enrichment* (ISO 10272-1:2006) 7 (18) 10 (26) 9 (24) 26 (23)

3. Preston enrichment* (ISO 10272:1995-1) 12 (32) 28 (74) 24 (63) 64 (56)

4. Enrichment (Bolton + Preston)� 14 (37) 29 (76) 26 (68) 69 (61)

5. Quantitative PCR 37 (97) 38 (100) 37 (97) 112 (98)

*Considered positive when at least one confirmed colony was present on either selective agar [mCCDA or Campyfood agar (CFA)].

�Considered positive when at least one enrichment broth (Bolton or Preston) resulted in a confirmed colony on either selective agar (mCCDA or

CFA).
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plates, and performance of these two selective media is

compared in Table 2. Direct plating on CFA produced

more positives than direct plating on mCCDA, for all

matrices except for meat; for that matrix, direct plating

was not as sensitive as enrichment, and there was no dif-

ference between the two agars tested. The difference

between direct plating of faecal samples onto CFA or

mCCDA was not statistically significant, but these selec-

tive media only moderately agreed for faecal samples

(Kappa value, 0Æ350) so that samples detected positive by

one could be missed by the other. Following enrichment

in Bolton broth, CFA plates recovered more positives

than mCCDA plates, for all matrices. Only for meat sam-

ples did enrichment in Preston, combined with selective

culture on mCCDA, perform better than the other meth-

ods (Table 2). Nevertheless, Method 3 (Bolton enrich-

ment) followed by CFA plating identified two meat

samples as positive that were missed by all other culture

methods.

The cultured Campylobacter isolates were speciated

using multiplex PCR. A single colony per morphology

and protocol was investigated, unless the selective culture

plate had resulted in multiple morphologies, in which

case these were separately tested. A total of 82 colonies

(53 Camp. coli, 27 Camp. jejuni and two samples contain-

ing both species) were derived from faeces, 103

(39 Camp. coli, 63 Camp. jejuni and one sample with

both species) from neck skin and 48 (27 Camp. coli and

21 Camp. jejuni) from meat samples. This resulted in 119

Camp. coli and 111 Camp. jejuni isolates and three mixed

samples (Table 3). Culture-independent qPCR results,

however, identified 11 samples as contaminated solely by

Camp. coli, 16 samples exclusively by Camp. jejuni and 85

samples produced amplicons for both species of a total of

112 positives (Table 3). These data suggest that the

culture-dependent speciation of single colonies might

have underestimated the true diversity of the bacterial

100%

80%

60%

40%

20%

0%
Method 1

direct plating Bolton
Method 2 Method 3

Preston

Figure 1 Comparison of the three detection methods (direct plating,

Bolton enrichment ISO 10272-1:2006 and Preston enrichment ISO

10272:1995-1) expressed as a fraction of the qPCR results, which were

taken as 100% (representing the theoretical maximum of detecting

live, dead and viable, non-culturable cells), for the 114 samples tested.

( ) Faeces; ( ) Neck Skin; ( ) Meat.

Table 2 Results obtained from neck skin, faeces and chicken meat samples with the two types of selective agar plates (mCCDA or CFA), with or

without enrichment (Bolton or Preston)

Culture method Plate

Faeces (percentage

of mCCDA + CFA)*

Neck skin (percentage

of mCCDA + CFA)*

Meat (percentage

of mCCDA + CFA)*

Total (percentage

of mCCDA + CFA)*

Direct plating mCCDA 26 (76) 23 (74) 2 (50) 51 (73)

CFA 33 (97) 29 (94) 2 (50) 64 (92)

Enrichment

Bolton mCCDA 2 (29) 1 (10) 2 (22) 5 (19)

CFA 7 (100) 9 (90) 8 (89) 24 (92)

Preston mCCDA 2 (17) 17 (60) 20 (83) 39 (61)

CFA 12 (100) 24 (86) 14 (58) 50 (78)

*For absolute values of the readings taken on mCCDA + CFA plates combined, see Table 1.

Table 3 Obtained Campylobacter species from 114 samples of neck skin, faeces and chicken meat using all tested culture protocols (direct

plating, Bolton and Preston enrichment) as well as molecular detection

Species Campylobacter coli Campylobacter jejuni

Campylobacter coli +

Campylobacter jejuni

Protocol ⁄ samples Culture qPCR Culture qPCR Culture qPCR

Faeces 53 2 27 5 2 30

Neck skin 39 1 63 4 1 33

Meat 27 8 21 7 0 22

Total 119 11 111 16 3 85
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population, because the majority of samples (85 of 112)

turned out to contain DNA for both Camp. jejuni and

Camp. coli.

The proportion of positive samples for each species

detected by qPCR did not differ significantly; the

obtained quantitative data for all samples are summarized

in Table 4. The highest amount of Campylobacter DNA

was detected in faecal samples, for both species. Higher

mean and median values were observed for Camp. jejuni

than for Camp. coli, for all three types of samples. For

those samples found positive of both species, the quantity

of one species is weakly correlated (Spearman’s

rho = 0Æ410) with that of the other. In the box-and-whis-

kers plot of Fig. 2, the base-10 log values were related to

Table 4 Quantitative data obtained by qPCR

Sample No. of copies (log10) Campylobacter coli No. of copies (log10) Campylobacter jejuni

Faeces

Mean 4Æ91 5Æ56

Median 5Æ25 5Æ92

Maximum 8Æ82 9Æ47

Range 0–2 copies (log10): 7 samples 0–2 copies (log10): 6 samples

3–5 copies (log10): 17 samples 3–5 copies (log10): 13 samples

6–8 copies (log10): 14 samples 6–8 copies (log10): 18* samples

Neck skin

Mean 2Æ50 3Æ39

Median 2Æ77 3Æ16

Maximum 5Æ06 6Æ23

Range 0–2 copies (log10): 22 samples 0–2 copies (log10): 16 samples

3–5 copies (log10): 16 samples 3–5 copies (log10): 20 samples

6–8 copies (log10): 0 samples 6–8 copies (log10): 2 samples

Meat

Mean 2Æ10 2Æ56

Median 2Æ55 2Æ88

Maximum 3Æ65 6Æ31

Range 0–2 copies (log10): 30 samples 0–2 copies (log10): 21 samples

3–5 copies (log10): 8 samples 3–5 copies (log10): 15 samples

6–8 copies (log10): 0 samples 6–8 copies (log10): 2 samples

*One additional sample contained more than 9 log(10) copies of Camp. jejuni.
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Figure 2 Box-and-whisker plot relating the quantitative base 10 log value from qPCR for Campylobacter coli (a) and Campylobacter jejuni (b) to

the number of methods (direct plating, Bolton enrichment ISO 10272-1:2006 and Preston enrichment ISO 10272:1995-1) found positive.
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the number of culture-dependent protocols that were able

to detect each species. Comparing the results for the two

species shows that, for Camp. coli, more methods detect

this species as the bacterial load per sample increased.

This was not observed for Camp. jejuni.

Discussion

Culture-dependent detection of Campylobacter from food

sources has improved much since the introduction of

selective agar media and enrichment broths. Selective

media contain antibiotics to suppress the growth of com-

peting organisms. Typically, cefoperazone, cycloheximide,

trimethoprim, rifampicin, vancomycin or polymyxin B

are used in various combinations. The most common

culture methods make use of blood-based, antibiotic-

containing media, such as Skirrow’s, Butzler’s and

Campy-BAP media (Baylis et al. 2000; Granato et al.

2010). The blood-free, charcoal-containing selective med-

ium mCCDA is typically used for cultural recovery from

stool specimens (Aspinall et al. 1993; Corry et al. 1995;

Engberg et al. 2000).

Broth enrichment is essential when low numbers of

(damaged) Campylobacter are present in the sample, and

the most commonly used enrichment media are Preston,

Bolton or Campylobacter enrichment broth. These differ-

ences in methodology can potentially skew results when

the complete food chain is being investigated. Bolton

broth is currently the medium recommended by the US

Food and Drug Administration, the International Stan-

dard Organization (International Organization for Stan-

dardization (ISO) (2006) and the Nordic Committee of

Food Analysis (Habib et al. 2011). It is realized that the

enrichment step has to compromise between selectivity

and the inhibition of competitor organisms, together with

the recovery and growth of the target organism to detect-

able levels (Baylis et al. 2000).

When analysing large numbers of samples, the work-

load should be minimized, and avoidance of duplication

of selective agar, or omission of an enrichment step,

might be an attractive choice, even accepting a possible

consequential lesser sensitivity. In the present study, the

fast, simple and cheap method of direct plating was

shown to yield the best isolation efficiency for detection

of Campylobacter in faeces and neck skin samples. For

these matrices, enrichment hampered effective detection,

especially for faecal samples. Although the difference

between mCCDA and CFA was not statistically signifi-

cant, we recommend the latter type of selective plates,

because colony identification is easier on CFA plates than

on mCCDA. According to Kiess et al. (2010), direct plat-

ing significantly increased isolation of Campylobacter from

litter samples when compared with Campylobacter enrich-

ment broth (CEB). Musgrove et al. (2001) observed a

decrease of 36Æ7% in the detection of Campylobacter spp.

in caecal samples caused by enrichment when compared

with the direct plating procedure. Omitting the enrich-

ment could reduce sensitivity for neck skin samples, as

suggested by our findings: four samples were negative by

direct plating that showed up positive after enrichment

with Preston. However, the reverse was true as well, and

in total, more positive neck skin samples were detected

by direct plating than by enrichment.

Typically, Campylobacter is present on food at much

lower levels than in faecal samples, so that for meat sam-

ples, an enrichment step is necessary. Food samples typi-

cally contain injured and dead cells as a result of exposure

to heating, chilling, freezing or others detrimental condi-

tions related to food processing and storage (Rosenquist

et al. 2006). In an early study, Bolton broth was found to

be the best compromise between inhibition of competing

microflora and growth of Campylobacter, when compared

with Preston or CEB (Baylis et al. 2000). However, our

results identified that for meat samples, Preston broth and

subsequent plating on mCCDA resulted in a significantly

higher recovery of Campylobacter than the current ISO

10272:2006-1 (P = 0Æ001). To increase sensitivity, after

Preston enrichment of meat samples, both mCCDA and

CFA plates should be used, as the concordance of the two

selective media was low (Kappa value, 0Æ273).

On the basis of our results for all the matrices tested

here, Preston enrichment (which contains rifampicin and

polymixin) would be better for Campylobacter isolation

than Bolton broth (containing cefoperazone). Recovery of

Campylobacter using Bolton broth is influenced by the

choice of the subsequent plating agar, and our data pro-

duced better results for Bolton combined with CFA than

with mCCDA. According to Jasson et al. (2009), Bolton

broth allowed growth of extended spectrum beta-lactam-

ase Escherichia coli present in poultry meat and these bac-

teria can mask the growth of Campylobacter, leading to

false-negative results. Overgrowth by Pseudomonas spp.,

which are also frequently present in food stuffs (Baylis

et al. 2000), is another problem, attributable to the

absence of polymixin and rifampicin in Bolton broth. A

revision of ISO 10272 Part 1 and Part 2:2006 is in pro-

gress by the EURL (The European Union Reference Labo-

ratory for Campylobacter. National Veterinary Institute,

SVA, Uppsala, Sweden). Proficiency tests showed that

Preston broth was superior to Bolton broth for samples

with high background flora of multiresistant E. coli, but

for samples with low numbers of Campylobacter or sam-

ples containing Campylobacter lari, Bolton broth seemed

to be a better alternative (Olsson Engvall et al. 2011).

A culture-independent approach based on DNA ampli-

fication (qPCR) has several advantages over classical

Protocols for isolation of Campylobacter M. Ugarte-Ruiz et al.
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bacteriology for Campylobacter detection, notably a faster

performance combined with a lower detection limit.

Moreover, PCR will detect viable but not cultivable cells,

for which it is unknown whether they provide a risk for

consumers (Nogva et al. 2000; Humphrey et al. 2007).

Real-time PCR yields highly sensitive and specific results

while avoiding manipulation of PCR products after

amplification, thereby reducing the risk of cross-contami-

nation; it can be used for rapid quantitative screening of

samples (Debretsion et al. 2007; Botteldoorn et al. 2008;

Melero et al. 2011). However, phenotypic expression of

certain properties cannot be tested, and, without cultures,

additional information such as subtyping or antimicrobial

resistance testing cannot be obtained. A potential disad-

vantage of PCR-dependent techniques is that they may

overestimate the number of pathogens present in a

matrix, as dead cells will also be detected. Therefore,

qPCR results can be considered the theoretical maximum

of detectable micro-organisms, accepting that this may be

an overestimate as molecular detection also reports the

presence of dead cells. We used qPCR-positive results as a

maximum value to correlate culture-dependent results.

Interestingly, for Camp. coli, we observed a relationship

between the qPCR quantitative values and the number of

protocols at which each sample yielded positive, but this

was not the case for Camp. jejuni. Further studies are

needed to confirm this result and to investigate the

reason for this difference.

In summary, direct plating on CFA selective agar

resulted in optimal Campylobacter isolation for highly

contaminated samples such as faeces and neck skin, while

enrichment in Preston broth offers reliable recovery from

matrices containing low levels of (damaged) organisms.

The internationally recommended ISO method is not the

best choice for detection of Campylobacter spp. in the

food chain.
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