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Abstract 
We developed and evaluated a multiplex PCR (m-PCR) for application in routine diagnostic labor- 
atories to detect Campylobacter spp. in stool samples including C. concisus, C. jejuni, and C. coli. 
When this m-PCR was applied on spiked faecal samples, C. concisus, C. jejuni, and C. coli were spe- 
cifically identified at 105 cells/gm of faeces. To compare the sensitivity of the m-PCR with conven- 
tional culture techniques, the same spiked stool samples were cultured on an antibiotic free Co- 
lumbia blood agar using the filtration technique. The detection limit of conventional culture me- 
thod was 105 cells/gm of stool for C. concisus and 106 cells/gm of stool for C. jejuni and C. coli. The 
m-PCR was applied to test 127 faecal samples from children with gastroenteritis and the results 
were compared with the conventional bacterial cultures data. By this m-PCR technique, C. jejuni 
was detected in 7 samples, C. coli in 2 samples, and C. concisus in 7 samples. However, the conven- 
tional culture results for these samples were 6 for C. jejuni, 2 for C. coli and only one sample was 
positive for C. concisus. In total, 19 samples were positive for Campylobacter spp. by m-PCR while 
only 9 samples were positive for Campylobacter spp. by culture. In conclusion, m-PCR is more sen- 
sitive than the culture technique to detect C. concisus and other fastidious campylobacters in faeces. 
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1. Introduction 
The incidence of campylobacteriosis is gradually increasing, and Campylobacter spp. are now considered to be 
the leading cause of bacterial gastroenteritis worldwide [1] [2]. Campylobacter spp. colonise different parts of 
the human body and may cause many extra-intestinal diseases and severe long-term complications [3]. Although 
C. jejuni and C. coli are the most common etiological agents of campylobacteriosis [4], there is evidence sug-
gesting that other Campylobacter spp. such as C. concisus, C. upsaliensis, C. hyointestinalis, and C. fetus may 
also cause disease in humans [5]-[7]. 

Campylobacter spp. are fastidious organisms and require a microaerophilic environment to grow. Most labor- 
atory procedures are optimized to isolate the more common species: C. jejuni and C. coli. However, the other 
Campylobacter spp. may have additional growth requirements. For example, C. concisus is an emerging patho- 
gen which requires hydrogen for growth and is a slow growing organism commonly found in the human oral 
cavity and was first described in 1981 [8]. It is usually associated with healthy than with diseased periodontal 
sites and in healthy sites it is usually found in shallow rather than in deeper sites [9]. Past studies have associated 
this species with gingivitis [10], periodontitis [11], and gastritis since 1989 [12]. More recently, it was isolated 
from foot ulcers [13], other abscesses from different parts of the body [14] and intestinal biopsies and feacal 
samples of children with Crohn’s disease and patients with inflammatory bowel diseases (IBD) [15] [16]. An 
early molecular study reported that C. concisus produced cytotonic-like effects on CHO cells and induced in- 
tracytoplasmic vacuole formation that is similar to H. pylori [17]. Also a recent study in the United Kingdom 
showed a significantly higher incidence of C. concisus DNA throughout intestinal biopsies of adults with ulcera-
tive colitis compared to those of healthy controls [18]. C. concisus requires a hydrogen enriched atmosphere for 
growth such as that recommended by the Cape Town Protocol [19]. If optimum growth conditions are not ad-
hered to, it may result in a reduced isolation rate [20]. In a study in Japan, metagenomic analysis detected DNA 
sequences of the Campylobacter spp. genome including C. concisus, whilst the standard culture methods were 
negative [21]. In a recent study in The Netherlands, the detection frequency (DF) of the emerging pathogen C. 
concisus was found to be at least similar to the DF of C. jejuni when the species was confirmed by PCR product 
sequencing [22]. In a more recent study in Chile, a significant difference was reported between conventional 
culture methods and molecular methods used for the detection of Campylobacter spp. and Arcobacter spp. in 
faecal samples of patients with diarrhea and of controls. Emerging pathogens like C. concisus and C. ureolyticus 
were only detected by the molecular method used in the study [23]. 

The true incidence of these Campylobacter spp. as causative agents of disease cannot be accurately deter- 
mined using standard culture techniques. Consequently, there is a demand for a rapid, sensitive and specific 
method for detecting these organisms. Therefore, the objective of our study was to optimize a four-gene multip- 
lex PCR (m-PCR) for the detection of C. jejuni, C. coli and C. concisus from faecal samples from children with 
gastroenteritis and to evaluate the PCR results with conventional culture results from the Bacteriology Labora- 
tory at The Royal Children’s Hospital (RCH), Melbourne, Australia. 

2. Materials and Methods 
The study was approved by the Human Research Ethics Committee of RMIT University, Melbourne (Approval 
number: 15/08) and the Royal Children’s Hospital Human Research Ethics Committee (Approval number: 
CA28021). 

2.1. Bacterial Strains and DNA Preparation 
A panel of 15 Campylobacter spp. strains and a non-Campylobacter strain were included as control strains in the 
study (Table 1). Campylobacter spp. strains were grown on Columbia agar base (Oxoid, Australia) supple- 
mented with 5% defibrinated horse blood, and incubated at 35˚C for 3 - 5 days under microaerophilic conditions 
(6% O2, 10% CO2, 10% H2, and balanced N2). For PCR, bacterial DNA was extracted by the Wizard Genomic 
DNA purification kit (Promega BioSciences, USA) following the manufacturer’s instructions. 

Cell densities of liquid cultures were estimated by measuring optical density using a spectrophotometer (Ep- 
pendorf, Australia) and were also confirmed by viable counts of 10-fold serially diluted cultures (in Brucella 
broth, Oxoid, Australia) plated on Columbia horse blood agar plates. 
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Table 1. List of strains used for selectivity testinga.    

Bacterial strains Origin 

Campylobacter spp.  

C. jejuni NCTC 11168 

C. jejuni NCTC 11828 

C. jejuni (n = 4) Clinical isolate 

C. coli NCTC 11366 

C. coli Clinical isolate 

C. concisus ATCC 51561 

C. concisus ATCC 51562 

C. mucosalis ATCC 43264 

C. hyointestinalis Clinical isolate 

C. lari Clinical isolate 

C. upsaliensis Clinical isolate 

C. sputorum subsp. bubulus Clinical isolate 

Non-campylobacter  

Escherichia coli ATCC 25922 

aATCC, American Type Culture Collection, Manassas, VA; 
NCTC, National Collection of Type Cultures, London, United 
Kingdom. 

2.2. Spiking of Faecal Samples 
Three blood-free, campylobacter-culture negative faecal samples were selected for the spiking experiment. Liq- 
uid campylobacter cultures were added to the faecal samples, resulting in final campylobacter concentrations of 
107, 106, 105, 104, 103 and 102 cells/gm of faeces of C. coli, C. jejuni and C. concisus. Faecal DNA was extracted 
by QIAamp DNA Stool Kit (Qiagen, Australia), according to the manufacturer’s instructions. One hundred mi- 
croliters of the spiked faecal samples were placed on a 0.65 micron filter paper (Sartorius Stedim, Australia) and 
left to adsorb for 20 minutes then the filter was removed, and the plates were streaked with a loop and incu- 
bated in appropriate conditions for 2 - 5 days following The Cape Town Protocol [19]. Any visible growth of 
campylobacters was identified by biochemical tests including oxidase, catalase, sodium hippurate hydrolysis, 
indoxyl acetate hydrolysis and light microscopy. 

2.3. Collection of Clinical Faecal Samples and m-PCR 
To evaluate culture and molecular methods, a total of 140 faecal samples were collected from children with ga- 
stroenteritis, aged between 1 month to 18 years at the Royal Children’s Hospital (RCH), Melbourne from July to 
December, 2009. All samples were routinely cultured and identified at the RCH Bacteriology Laboratory on 
Columbia horse blood agar using the Cape Town Protocol [19] and on blood free Campylobacter media 
(mCCDA) (Modified Charcoal Cefoperazone Deoxycholate Agar) [24]. Plates were checked on days 3 and 5 for 
typical small colonies of Campylobacter spp. and were identified by biochemical characteristics as described 
earlier. Samples were also subjected to an in house Rota EIA and cell culture for Adenovirus, both of which 
were performed at RCH. Then a proportion of each faecal sample was tested by the m-PCR method developed 
for this study. DNA was extracted from the samples using QIAamp DNA Stool mini kit (Qiagen, Germany) ac- 
cording to the manufacturer’s instruction. The extracted DNA was stored at −20˚C until used in the m-PCR to 
amplify coding regions of three Campylobacter spp.; C. jejuni, C. coli and C. concisus and a universal coding 
region for Campylobacter spp. Primers selected for this m-PCR are from the hippuricase gene (hipO) of C. jeju- 

 
31 



M. Huq et al. 
 

ni [25], the aspartokinase gene of C. coli [26], the gyrB gene of C. concisus [27] and a universal 16S rRNA gene 
sequence of Campylobacter spp. [5] serving as an internal positive control for the PCR (Table 2). The primers 
used in the present study were carefully selected so that the sizes of PCR products, produced by each of the pri- 
mer sets, are distinguishable on a single gel. The primers’ sequences were checked by the Clone Manager suite 
of analysis tools (Sci Ed Central) to confirm that they do not form primer dimers, hair-pin loops and for cross- 
reactivity. 

The m-PCR system was optimized by serially diluting the Campylobacter spp. DNA templates and by gra- 
dient temperature cycles using a G-storm thermocycler (Gene works Pty Lt, Australia). All PCR reactions were 
performed in a total reaction volume of 25 µl containing 1X PCR buffer [10 mM Tris-HCl, 50 mM KCl; pH 8.3], 
0.16 mM MgCl2, 0.2 mM dNTP each (Applied Biosystems, Australia), 1.25U recombinant Taq Polymerase 
(Roche Diagnostics, Australia), 0.1 µM of each primer, and 2.5 µl the DNA template. Thermocycler conditions 
were 94˚C for 2 min, followed by 30 cycles of 94˚C for 15 sec, 54˚C for 30 sec and 68˚C for 2 min, and a final 
extension of 7 min at 72˚C. PCR products were visualized by UV following electrophoresis on 1.5% agarose 
gel. 

3. Results and Discussion 
In our newly developed m-PCR method, PCR products with the expected size of 816 bp, 500 bp, 406 bp and 344 
bp were detected for Campylobacter spp., C. coli, C. concisus and C. jejuni respectively using a mixture of the 
four sets of primers (Table 2) with DNA samples from the control strains (Figure 1). Blood-free campylobac- 
ter-negative faecal samples were spiked with 10-fold serial dilutions of our selected three campylobacter strains 
namely C. jejuni, C. coli or C. concisus cultures resulting in final concentrations of 102 - 107 cells/gm of, faeces 
to evaluate the detection limit of the m-PCR method in comparison with conventional culture techniques. Dif- 
ferent amounts (40 - 200 ng/µl) of extracted DNA from the spiked faecal samples were tested by the m-PCR 
method for highest sensitivity and the optimal template volumes were found to be 100 ng/µl per reaction for 
m-PCR. C. jejuni, C. coli or C. concisus specific primers could produce an amplicon when it had a minimum 
concentration of 105 cells/gm in the spiked faecal sample (Figure 2). The detection limit of C. jejuni and C. coli 
in a spiked faecal sample was also reported to be at 105 cells per ml by Persson et al. when the researchers 
evaluated their developed multiplex PCR method [25]. 

When the same spiked faecal samples were plated on Columbia horse blood agar plates using the filtration 
method following the Cape Town Protocol [19] before extracting DNA, the detection limit was 105 cells/gm of 
faeces for C. concisus and 106 cells/gm of faeces for C. jejuni, and C. coli. The motility and physical properties 
such as size and shape of C. concisus might be the explanation to be detected at a 10-fold lower concentration 
than C. jejuni and C. coli. The use of the filter paper to selectively allow Campylobacter spp. to pass through is 
considerably effective due to the complex bacterial and chemical nature of faeces. However, the the successful 
isolation from faecal samples depends on the viability of campylobacter spp. in the sample during processing. 
Campylobacters are microaerophilic in nature, and they tend to have a low survival rate if exposed to room 
temperature and atmospheric air [28]. Long transport time from sample collection to sample analysis reduces the 
viability of the bacteria in clinical samples. In addition, the progressive decrease in oxygen tension when gas-  
 
Table 2. Primer sets used in m-PCR for Campylobacter genus, C. jejuni, C. coli and C. concisus.                        

Name of Bacteria Name of primer Sequence Tm˚C Product size (bp) Target gene Reference 

Campylobacter sp. 
C412F GGATGACACTTTTCGGAGC 51 816 16sRNA [5] 

C1288R CATTGTAGCACGTGTGTC 48    

C. jejuni 
HipO-F GACTTCGTGCAGATATGGATGCTT 56 500 Hippuricase [25] 

HipO-R GCTATAACTATCCGAAGAAGCCATCA 56    

C. coli 
CC18F GGTATGATTTCTACAAAGCGAG 51 416 Aspartokinase [26] 

CC519R ATAAAAGACTATCGTCGCGTG 50    

C. concisus 
Pcisus5-F AGCAGCATCTATATCACGTT 48 344 gyrB [27] 

Pcisus6-R CCCGTTTGATAGGCGATAG 51    
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Figure 1. Multiplex PCR for Campylobacter spp. Lane 1 
and 8: pstI digested λDNA marker; lane 2 C. jejuni DNA; 
lane 3 C. coli DNA; lane 4 C. concisus DNA; lane 5 C. mu- 
cosalis DNA; lane 6 E. coli; lane 7 reagent blank.           

 

 
Figure 2. Sensitivity evaluation of the m-PCR method using 10-fold dilutions of bacterial DNA extracted from spiked faecal 
samples with C. jejuni in (a), C. coli in (b), and C. concisus in (c). Lanes 1&8: pstI digested λDNA marker. Bacterial cell 
concentrations (cells/gm) used: lane 2, 107; lane 3, 106; lane 4, 105; lane 5, 104; lane 6, 103; lane 7, 102.                   
 
generating kits are used may not favour adequate growth especially for the stressed bacteria in the sample. Fur- 
thermore the use of antibiotic mixtures in common selective media may inhibit the growth of certain Campylo- 
bacter spp. [29]. 

To further test the routine diagnostic applicability of our m-PCR, it was compared to the conventional cultur- 
ing system of 127 faecal samples at the Royal Children Hospital in Melbourne. A total of 140 faecal samples 
were collected and among these 13 samples were very small in volume and did not contain adequate DNA to run 
a PCR. Therefore, we excluded these 13 samples from the analysis. Results for positive samples by PCR or cul-
ture technique in addition to clinical symptoms and diagnosis are listed in Table 3. Ninteen samples were posi-
tive for Campylobacter spp. By m-PCR while only nine samples were positive for Campylobacter spp. 

 

 

  1       2        3        4        5        6        7        8 

bp 
 
11501 
5077 
2838 
1986 
1700 
1159 
 
805 
 
514 
339 
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Table 3. Conventional culture and m-PCR results with clinical symptoms of positive faecal samples.                     

Sample No. Clinical symptom 

Rota 
EIAa/Adeno 

virus (enzyme 
immunoassay) 

Culture 
PCR result 

Campylobacter spp. C. concisus C. coli C. jejuni 

RCH 30 Gastroenteritis −/− − + − − − 

RCH 36 Dysentery −/− C. coli + − + − 

RCH 47 Gastroenteritis −/− C. jejuni + − − + 

RCH 60 Crohn’s disease ND C. concisus + + − − 

RCH 80 Diarrhoea +/− − + + − − 

RCH 85 Recurrent diarrhea  
Petechial rash on trunk −/− C. coli + − + + 

RCH 93 Diarrhoae ND C. jejuni + − − + 

RCH 95 Diarrhoea −/− − + + − − 

RCH 98 Bloody diarrhoea,  
inflammatory bowel disease −/− − + − − − 

RCH 102 Diarrhoea −/− − + + − − 

RCH 109 Diarrhoea −/− − + − − − 

RCH 112 Diarrhoea and vomiting, 
petechial rash and fever −/+ − + − − − 

RCH 137 Diarrhoea −/− C. jejuni + − − + 

RCH 138 Diarrhoea ND C. jejuni + − − + 

RCH 142 Bloody diarrhoea +/− C. jejuni + − − + 

RCH 144 Diarrhoea and fever −/− C. jejuni + − − + 

RCH 147 Bloody diarrhoea −/− − + + − − 

RCH 153 Bloody diarrhoea −/+ − + + − − 

RCH 166* Diarrhoea and vomiting −/− − + + − − 
aRota EIA, Rotavirus Enzyme Immunoabsorbent Assay; *Giardia cysts were also detected; ND, Not done. 
 
by culture. For C. jejuni seven samples were positive by m-PCR while six samples were positive by culture me-
thod. It is worth mentioning that C. jejuni was isolated in the hospital from three other samples by culture; how-
ever these faecal samples did not have adequate DNA when measured by the spectrophotometer, following 
DNA extraction, and were excluded from the study as mentioned above. For C. coli, two samples were positive 
by both m-PCR and culture methods. Seven samples were positive for C. concisus by m-PCR while only one 
was detected by culture. In the m-PCR, all samples which produced PCR products for C. jejuni, C. coli and C. 
concisus, also produced a PCR product with the genus specific Campylobacter spp. Primers. 

By applying the m-PCR in this study we were able to detect a co-infection of C. jejuni with C. coli in one of 
the tested samples, while only C. coli was detected in this sample by the conventional culture method. This 
could be due to overgrowth of C. coli, or that only one Campylobacter spp. representative colony was picked to 
perform biochemical tests. Co-infections with Campylobacter spp. have been reported previously [30] [31] and 
mixed infection of Campylobacter species were previously identified from stool samples by PCR and 
PCR-enzyme-linked immunosorbent assay [30]. Likewise, co-infections of different subspecies of C. jejuni in 
stool samples were previously identified by Pulsed-field gel electrophoresis and by flagellin gene typing [31]. 
Linton et al. (1997) also reported co-infection with C. jejuni and C. hyointestinalis by PCR method directly from 
stool samples [26]. 

Interestingly in our study C. concisus DNA was detected in seven faecal samples while only one was isolated 
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by the conventional culture method. As C. concisus is a fastidious hydrogen-requiring bacterium its isolation is 
difficult. Yet, only a small amount of its DNA can be detected by the more sensitive PCR method. Culture me- 
thods were previously compared to molecular techniques for detection of C. concisus and other fastidious cam- 
pylobacters and were found to be less sensitive, therefore PCR would be the method of choice for the detection 
of these campylobacters [6] [29]. Furthermore, Giardia cysts were found in one of our samples that was positive 
for C. concisus by PCR only. There could be a co-infection of Giardia and C. concisus leading to gastroenteritis 
in this patient. Giardia lamblia is a prevalent enteric pathogen causing both asymptomatic carriage and diarrheal 
illness among children worldwide and there are some reports of co-infection of Campylobacter spp. with hel- 
minths and protozoans [32]. 

It is worth noting that the faecal sample which was positive for C. concisus by both culture and PCR was from 
a patient previously diagnosed with Crohn’s disease. There are reports that C. concisus could be related to 
Crohn’s disease in children [33] and adults [34]. Several virulence markers have been previously identified in C. 
concisus such as secreted and cell-associated hemolytic activities and flagellum-mediated attachment [35] [36]. 
Furthermore, in this study four faecal samples which were negative by culture method produced a Campylobac- 
ter spp. genus specific PCR product by m-PCR. However, no specific PCR product was detected for any of C. 
coli, C. jejuni or C. concisus, indicating the presence of another Campylobacter spp. Yet, we could not deter- 
mine the species because specific primers for other Campylobacter spp. were not included in the m-PCR, which 
is intended to be done in the future. This suggests that PCR is more sensitive than conventional culture method 
for detecting unusual Campylobacter spp. [6] [29]. It is also worth mentioning that Adenovirus was detected by 
conventional culture technique in one of these four samples, but no other infectious agents were detected in the 
other three samples. Molecular methods for detection of Campylobacter spp. are known to be more sensitive 
than culture [22] [23] [37]. Molecular tests are particularly advantageous for detection of non-cultivable organ-
isms or those difficult to grow by conventional cultures. Detection of these organisms will help to identify them 
as potential causative agents of disease. 

4. Conclusion 
In conclusion, the present method offers a fast and robust identification of Campylobacter spp. in particular C. 
concisus, C. coli and C. jejuni present in faecal samples. The use of genus-specific primers also serves as an ad- 
ditional control in this method. Diagnostic PCR on template DNA extracted directly from the primary clinical 
source offers attractive advantages including reduced identification time and detection of non-viable and non- 
cultivable bacteria contained in the sample. This m-PCR method with respect to sensitivity and specificity 
makes it suitable for application in diagnostic laboratories for the detection of Campylobacter spp. in clinical 
specimens. 
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