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Abstract: 
AIM: To develop a real-time polymerase chain reaction (PCR) method to detect and quantify Campylobacter jejuni (C. jejuni) from stool specimens.
METHODS: The primers and probe for real-time PCR were designed on the basis of the specific DNA sequence of the hipO gene in C. jejuni. The specificity of the primers and probe were tested against a set of Campylobacter spp. and other enteric pathogens. The optimal PCR conditions were determined by testing a series of conditions with standard C. jejuni template. The detection limits were obtained by using purified DNA from bacterial culture and extracted DNA from the stool specimen. The 242 specimens were analyzed for the presence of C. jejuni by the direct bacterial culture and real-time PCR methods.
RESULTS: The optimal PCR system was determined using reference DNA templates, 1× uracil-DNA glycosylase (UDG), 3.5 mmol/L MgCl2, 1.25 U platinum Taq polymerase, 0.4 mmol/L PCR nucleotide mix, 0.48 μmol/L of each primer, 0.2 μmol/L of probe, 2 μL of DNA template in a final volume of 25 μL run with the following parameters: 95 °C for 4 min followed by 45 cycles of 10 s at 95°C and 30 s at 59°C. The detection limit was 4.3 CFU/mL using purified DNA from bacterial culture and 103 CFU/g using DNA from stool specimens. Twenty (8.3%, 20/242) C. jejuni strains were isolated from bacterial culture while 41 (16.9%, 41/242) samples were found to be positive by real-time PCR. DNA sequencing of the PCR product indicated the presence of C. jejuni in the specimen. One mixed infection of C. jejuni and Salmonella was detected in one specimen and the PCR test for this specimen was positive. 
CONCLUSION: The sensitivity of detection of C. jejuni from stool specimen was much higher by this PCR assay than by the direct culture method. 
© 2013 Baishideng. All rights reserved.
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Core tip: In the present study, we set up an effective real-time PCR method based on the specific DNA sequence of hipO gene in Campylobacter jejuni. The detection limit of this assay is 4.3 CFU/mL. A study of 242 clinical stool specimens from diarrheal patients indicated that this method is more sensitive than direct bacterial culture for the identification of Campylobacter jejuni from stool specimens. 
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INTRODUCTION

Campylobacter spp., Salmonella spp., Yersinia spp., Shigella spp., and E. coli O157 are the leading causes of human bacterial gastroenteritis worldwide[1]. Campylobacter jejuni is the main species of Campylobacter that affects humans[2,3]. Campylobacter infections have been investigated and followed with considerable interest since the early 1980s in China, and there have been numerous reports on Campylobacter jejuni (C. jejuni) infection in patients with diarrhea. However, the reports and ratio of isolation from diarrheal patients have decreased since the late 1990s. Improvement in sanitary conditions may explain this decline in numbers, but the difficulty in detecting this fastidious pathogen might be another contributor for the decreased number of reports and frequency of isolation. Our recently pilot study revealed that the ratio of isolation of this pathogen from stool specimens of diarrheal patients was considerably different among surveillance spots in different laboratory (2%–15%, unpublished). Sensitive and accurate detection of this pathogen is important both for the treatment of some patients and for prompt epidemiological investigation.
With the development of genomic DNA sequencing, online databases, bio-information analyses, nucleic acid-based methods, particularly polymerase chain reaction (PCR) methods, are promising tools for the rapid, reliable, and sensitive detection in order to diagnose pathogenic infection[4-8]. In this study, we developed a real-time PCR assay. We then combined this PCR assay with DNA sequence analysis and compared this method with the direct culture method to detect C. jejuni in stool specimens obtained from patients with diarrhea. The results obtained in this study will provide a comprehensive concept of C. jejuni infection in patients with diarrhea as well as help develop a pre-screening approach for isolating C. jejuni.
MATERIALS AND METHODS

Sample collection and culture-based detection 

Two hundred and forty-two stool specimens were collected from diarrheal patients (ranging from 6 mo to 72 years of age) in the outpatient facilities of 11 hospitals. The specimens were transferred to a laboratory within 4 h for bacterial culture. The remainder of the samples was frozen at –80°C for DNA extraction. A sterile cotton swab was twisted in each stool sample and streaked directly on selective Skirrow agar plates consisting of Columbia agar base (CM331, Oxoid), selective supplement (SR0069, Oxoid), and 5% defibrinated sheep blood. The plates were incubated in a microaerobic atmosphere (5% O2, 10% CO2, and 85% N2) at 42°C for 48 h. Suspected colonies were picked up and identified by gram staining, oxidase and catalase tests, and hippurate hydrolysis analysis according to our previous report[9]. All specimens were also examined for the presence of Shigella spp., Salmonella spp., Yersinia spp., and E. coli O157 by culture on xylose lysine deoxycholate agar, deoxycholate hydrogen sulfide lactose agar, cefsulodin-irgasan-novobiocin agar, and sorbitol MacConkey agar, respectively. Suspected colonies were biochemically identiﬁed using API 20E strips, and the cultures were confirmed up to the species level by further serotype or PCR analysis, as previously described[10, 11].
DNA preparation from bacterial culture

Reference genomic DNA was extracted from the Campylobacter isolates cultured in this study by using a QIAamp DNA mini kit (250; cat# 51306). DNA templates from other reference pathogens were gifts from Drs. Huaiqi Jing and Biao Kan. The reference DNA template is shown in Table 1. 
Primers and probe design

Specific DNA fragments of the hipO gene were compared using BLASTn and Vector NTI suite 6.0 software. The primers and probe sets were designed and synthesized by Shanghai Huirui Biotechnology Co., Ltd. The sequences of the primer and probe used in this study are as follows: hipO-F, 5′-CGGATAGTTATAGTATTGAAGTTATTGG-3′, hipO-R, 5′-GAAGCAGCATAAATAGGATCTTTTG-3′, and hipO-P, 5′-FAM-TTCTGGAGCACTTCCATGACCACC-BHQ1-3′. 
Optimization for real-time PCR 
The optimal PCR conditions were determined by testing a series of conditions with standard C. jejuni template. The standard PCR curve was constructed using genomic DNA from C. jejuni strain NCTC11168. The detection limits of this assay from pure culture and stool specimens were determined using 10-fold dilutions of quantified reference genomic C. jejuni DNA templates (1 × 100 to 1 × 106
 CFU/mL) and the same amount of bacterial inoculation in the stool specimen with previous confirmation of Campylobacter clearness. The specificity of this assay was verified using genomic DNA from other enteric pathogens. The C. jejuni-inoculated samples were also cultured to compare their detection limit. 
Evaluation of repeatability 
In order to evaluate the reproducibility of this assay, five serial dilutions with three replicates per concentration were performed for two separate genomic C. jejuni DNA templates (NCTC11168 and ATCC33560). The serial dilutions were also performed on three different C. jejuni strains (81116, ATCC49349, and ICDCCJ07001) simultaneously. The curves were constructed on the basis of the log pg/mL of the genomic DNA and threshold cycles. Reproducibility was assessed with the standard deviation (SD) of the threshold cycle (Ct) value and the SD of the slope from each dilution curve, respectively. 
PCR detection of C. jejuni from stool specimens and DNA sequencing of PCR product

After direct culture, the stool specimens were stored at –80°C until DNA extraction with QIAamp DNA stool mini kit (cat#51504) was performed in accordance with the manufacturer’s instructions. Conventional PCR with the universal primers targeting conserved bacterial 16s rRNA gene sequences was carried out to evaluate the validity of the template used in this study. Real-time PCR was performed in a 25-μL volume with 2 μL of purified DNA obtained directly from stool specimens. All the samples with Ct < 35 were considered positive. Each of the positive PCR products, except for the ones from the culture-positive specimens, was confirmed with conventional PCR by using the same primers, and the PCR products were purified and sequenced. Online sequence blast was performed through NCBI BLASTN suite (http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&SHOW_DEFAULTS=on&LINK_LOC=blasthome).

RESULTS

Bacterial culture
Twenty C. jejuni (8.3%, 20/242) isolates, 34 (14%, 34/242) Salmonella isolates, and 1 (0.4%, 1/242) Shigella isolate were obtained by direct plating of the 242 stool specimens. Salmonella was the most frequently isolated pathogenic genus from the stool specimens and C. jejuni was the second most frequently isolated. No Yersinia or E. coli O157 isolates were found. Salmonella and Shigella colonies were further identified by serotyping methods in another laboratory. 
Optimized PCR assay 

The optimal PCR system was determined using reference DNA templates, 1 × uracil-DNA glycosylase (UDG), 3.5 mmol/L MgCl2, 1.25 U platinum Taq polymerase, 0.4 mmol/L PCR nucleotide mix, 0.48 μmol/L of each primer, 0.2 μmol/L of probe, 2 μL of DNA template in a final volume of 25 μL run with the following parameters: 95 °C for 4 min followed by 45 cycles of 10 s at 95°C and 30 s at 59°C. Fluorescence signals were measured at at the end of the annealing step of every cycle. PCR products were verified using DNA electrophoresis with 2% agarose gels. The size of the PCR product was consistent with the expected size of 85 bp in each case. The specificity of the primers and probe were tested against Campylobacter spp. and other enteric pathogens. Only C. jejuni showed positive reactions. All the other templates gave negative results, including other Campylobacter spp. 
Detection limit and stability of the PCR assay
Serial dilutions ranging from 100 to 106 CFU/ml of the target template were subjected to real-time PCR assay (Figure 1a). The standard curve based on the dilutions of genomic DNA showed a linear relationship between log CFU/mL and threshold cycles (Ct; Figure 1b). The copies could be identified by the following equation obtained by the standard curve: Y(Ct) = –3.993X (log CFU/mL) + 37.51 (R2 ＝ 0.998). When Ct = 35, the detection limit of the PCR assay for pure culture was approximately 4.3 CFU/mL. However, when Ct = 35, the detection limit for C. jejuni in the stool specimens was 103 CFU/g, and we could not obtain a linear relationship between log CFU/g and Ct using serial bacterial inoculation in different stool specimens. The curves constructed from the serial dilution replicates of the individual C. jejuni template and those generated from the three different C. jejuni templates are presented in Figure 2. The variation of the Ct value and the slopes of the curves indicated that this assay could be stably reproduced. 
PCR detection from stool specimens
Since the detection limit both from bacterial culture and real-time PCR (with Ct < 35) for the inoculated stool sample was 103 CFU/g, a Ct value of ≤ 35 was considered positive for the real-time PCR assay in this study. Forty-one (16.9%, 41/242) samples were found to be positive by the real-time PCR method. All culture-positive specimens showed positive PCR results (Ct < 34). DNA sequencing of the positive PCR products for the culture-negative samples indicated the presence of C. jejuni. The samples containing Salmonella and Shigella isolates tested negative by real-time PCR (Ct > 40), except for one sample containing both C. jejuni and Salmonella, which had a Ct of 27. 
DISCUSSION

C. jejuni is one of the major causes of foodborne disease worldwide[12]. It is an important pathogen of acute bacterial diarrhea in humans and has been associated with the development of Guillain-Barré syndrome (GBS), a post-infectious polyneuropathy[13,14]. Routine detection of Campylobacter species in the clinical setting is based on culture-based detection and subsequent phenotypic identification. Its detection is difficult due to its special growth requirements, low infectious doses, and potential for entering a viable but not cultivable state[15,16]. The traditional ‘gold standard’ diagnostic methods for Campylobacter infection include bacterial culture and culture-based biochemical tests. These methods are both time-consuming and laborious. In addition to the fastidious culture requirements, the discrimination and differentiation of Campylobacter spp. are complicated and fallible. For example, distinguishing C. jejuni from C. coli is usually done on the basis of the biochemistry test for hippurate hydrolysis. Only C. jejuni gives a positive reaction, but previous studies have found that 10% of C. jejuni isolates failed to hydrolyze hippurate under laboratory conditions[17,18]. The accurate identification of Campylobacter up to species level is an essential prerequisite for many epidemiological studies. 

In the present study, we developed one real-time PCR assay based on the specific DNA fragment of the hipO gene in C. jejuni, which would directly identify C. jejuni and differentiate it from other pathogens, especially from other Campylobacter spp., in stool specimens from diarrheal patients. The specificity of the PCR system was verified with 27 reference enteric pathogens (Table 1). The detection limit of this PCR assay is less effective for stool samples than for pure culture. The loss of template during DNA extraction or the inherent inhibitors in the stool specimens could reduce the efficiency[19]. Two hundred and forty-two stool specimens from the patients with diarrhea were tested with the direct culture and the PCR assay methods. All the culture-positive samples showed positive PCR results and samples with other pathogens tested negative by PCR (Ct > 40). The DNA sequence of the positive PCR products indicated the presence of C. jejuni in the specimens. The sensitivity of this PCR assay (100%, 41/41) was much higher than that of direct bacterial culture (49%, 20/41). The result from the mixed infection sample indicated that this PCR assay is considerably accurate. The results in this study are contrary to those reported by some previous studies, in which PCR results were found to have the same degree or less sensitivity as compared to the direct culture method for the detection of C. jejuni from stool specimens[20, 21]. However, Maher et al. used a DNA probe-based PCR assay and were able to identify 94% (17/18) and 32% (35/109) of Campylobacter infections from culture-positive and culture-negative stool specimens, respectively[22]. Furthermore, Bessede et al. proved the weakness of the culture methods in comparison to the PCR and immunoenzymatic methods of detection of Campylobacter[23]. It is noteworthy that many aspects of the culture method, such as the choice of the selective mediums used for culture, need to be improved[24]. Although the sensitivity of the PCR system was higher in this study, false-negative PCR results may still occur because of the presence of either inherent inhibitors or very small numbers of organisms.

Interestingly, when C. jejuni were inoculated in the stool specimen, the detection limit by direct culture and the PCR assay was 103 CFU/g. The PCR detection limit from stool sample was similar to that reported in a previous study, while the detection limit of the direct culture methods mostly depended on the culture methods used, particularly the choice of plating medium, which may influence the efficiency of C. jejuni isolation by direct plating of fecal samples[25, 26]. Instant plating of the inoculated samples in this study might increase the laboratory isolation capacity. Meanwhile, the non-uniformity of the clinical stool specimens in terms of physical matter, target organisms, the associated fecal ﬂora and transportation status makes culture results variable. In this study, although we used selective medium under specific microaerobic atmosphere condition, some samples were contaminated with Proteus bacilli, and the suspected colonies could not be picked up because of the rapid spread of the contaminants. Proteus bacilli may be one of the agents that reduced culture sensitivity, and the use of cotton swabs rather than inoculating loops for streaking on plates might have increased this contamination. In this study, we used QIAamp DNA stool mini kits to extract DNA; the QIAamp kit has the highest sensitivity and requires the least manipulation of template DNA prior to PCR. More research is required to develop an in-house procedure for DNA extraction from different specimens and for optimizing the extraction process to increase the desired yield. 
In conclusion, the real-time PCR assay developed in this study is adequately sensitive and accurate for C. jejuni detection from stool specimens. Although the PCR results are not permitted for use as the standard method of diagnosing C. jejuni infection in the clinical setting, this newly developed method will benefit large-scale epidemiology investigations and pre-screening for bacterial isolation.

COMMENTS

Background
Campylobacter jejuni (C. jejuni) is a major food-borne pathogen. Apart from enteritis, C. jejuni infection can also cause Guillain-Barré syndrome, an autoimmune neuropathy in humans. The ‘gold standard’ diagnostic methods for C. jejuni infection include bacterial culture and culture-based biochemical tests. The primary in vitro culture of C. jejuni is difficult due to its special growth requirements, low infectious doses, and potential for entering a viable but not cultivable state. In addition to its fastidious culture conditions, the current methods for discrimination and differentiation of Campylobacter spp. are complicated and fallible. Specific DNA detection, particularly real-time polymerase chain reaction (PCR), is a promising tool for the rapid, reliable, and more sensitive detection in order to diagnose C. jejuni infection. In this study, the authors developed and validated a real-time PCR assay method for the detection of C. jejuni from stool specimens.
Research frontiers
C. jejuni is a fastidious organism and requires microaerophilic conditions for culture in vitro. The research hotspots for the detection techniques of C. jejuni infection include development of nucleic acid-based methods, particularly PCR methods, which are promising tools for the rapid, reliable, and more sensitive detection of C. jejuni for laboratory-based diagnosis.

Innovations and breakthroughs
In the present study, the authors developed a sensitive and specific real-time PCR assay using a DNA fragment of the hipO gene in C. jejuni, which can directly set apart C. jejuni from other pathogens and other Campylobacter spp. from stool specimens obtained from diarrheal patients. 


Applications
The real-time PCR assay developed in this study is sensitive and accurate for the detection of C. jejuni from stool specimens. This method will benefit both large-scale epidemiology investigations and the clinical diagnosis of C. jejuni infection in humans.

Peer review
This is an excellent and well-written manuscript. The authors are to be congratulated on developing and validating their own in-house PCR-based technique to detect C. jejuni in stool specimens. The hipO gene is specific to C. jejuni; therefore, by definition this is a highly specific test. 
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Figure 1 The standard curve and linear relationship. A: The standard curve was constructed using genomic DNA from Campylobacter jejuni isolates. Serial dilutions ranging from 100 to 106 CFU/mL of target template were subjected to real time PCR assay; B: The linear relationship between log CFU/mL and threshold cycles (Ct).
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Figure 2 Stability tests. A: The curves constructed based on the dilution of the genomic Campylobacter jejuni (C. jejuni) NCTC11168; B: The curves constructed based on the dilution of the genomic C. jejuni ATCC33560; C: The curves generated from the serial dilution of the genomic C. jejuni 81116, ATCC49349 and ICDCCJ07001.

Table 1 Reference DNA template using in this study
	Bacteria 
	Strain name

	Campylobacter jejuni 
	NCTC11168

	Campylobacter jejuni
	81116

	Campylobacter jejuni
	ATCC33560

	Campylobacter jejuni sub doylei
	ATCC49349

	Campylobacter jejuni
	ICDC07001

	Campylobacter coli
	ATCC33559

	Campylobacter coli
	WHO-10.2

	Campylobacter fetus
	ATCC27374

	Campylobacter lari
	ATCC35221

	Escherichia coli O157:H7
	Isolate-1

	Enterotoxic Escherichia coli 
	ETEC10407

	Enteroaggregative Escherichia coli
	EAECO42

	Enteroinvasive Eschcrichia Coli
	EIEC44825

	Enteropathogenic Escherichia coli 
	Isolate-2

	Salonella Serovar typhi
	CT18

	Typhoid-paratyphoid A
	Isolate-3

	Salmonella typhimurium
	Isolate-4

	Cholera O1
	Isolate-5

	Shigella
	Isolate-6

	Salmonella enteritidis
	Isolate-7

	Yersinia enterocolitica O3
	52203

	Bibrio parahemolyticus
	Isolate-8

	Enterococcus
	Isolate-9

	Listeria monocytogenes
	Isolate-10


