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Abstract
The current study aimed to develop, optimize, and evaluate the real-time polymerase chain reaction
(qPCR) speci�city and sensitivity on pure isolated strains of Campylobacter and on enriched broth for
direct detection of these cells. To achieve this, HipO and CadF gene were purchased to target C. jejuni and
C. coli, respectively. Using chessboard titration method, three critical reagents concentration of qPCR were
optimized and described. After that, 130 of collected isolates from food samples were con�rmed by the
developed protocols. Lastly, 27 enriched broths culture-positive for Campylobacter spp. were subjected to
direct qPCR. The earlier results indicated that the diluted DNA templates improved the ampli�cation plot
intensity (∆Rn  225.000) and the amendment of the amount of speci�c primers, probes, as well as the
concentration of MgCl2 on the ampli�cation curves affected positively the �uorescence signal for both C.
jejuni and C. coli established protocols. The con�rmation of 130 of C. jejuni and C. coli isolated from
broiler chickens, turkeys, cattle, and handling surface swabs by qPCR optimized protocols demonstrated
similar outcomes as phenotypic tests. From 27 broiler chickens’ samples, C. coli were the most isolated
strain from culture method, biochemically con�rmed, compared to C. jejuni. In contrast, the application of
qPCR directly on enriched broth revealed higher percentage (74.07%) of co-existence of C. coli and C.
jejuni from the same analyzed samples. The present study developed and validated reliable, rapid, robust,
and speci�c qPCR method for screening, quantifying, and con�rming Campylobacter in food safety
monitoring.

1. Introduction
Campylobacter is a Gram-negative, microaerobic, non-spore forming, and curved bacilli, that have spiral
movement by a polar �agellum present on one or both ends of cells (Gupta, 2006; Facciolà et al., 2017).
They normally colonize gastrointestinal tracts of warm-blooded animals such as birds, cattle, sheep, and
pigs. This zoonotic genus is transmitted to human through direct contact with animals harboring these
germs and also through consumption of contaminated milk, drinking water, and meats especially poultry
meats (Bronowski et al., 2014; Chon et al., 2018; El Baaboua et al., 2018). Indeed, Campylobacter can
grow at temperature of 37°C, but the most dominant and reported species (C. jejuni and C. coli), in both
human stools and food samples, tends to grow at temperature of 42°C (thermophilic organisms), which
is usually offered by poultry (Aroori et al., 2013). The ingestion of these micro-organisms lead to an acute
enteritis called campylobacteriosis, whose symptoms vary from person to another; like fever, nausea,
vomiting, stomach cramps, and bloody diarrhea (Baaboua et al., 2017). The infection evolution is often
benign, but post-infectious complications, in case of extra intestinal infections, can occur to provoke
Guillain-Barre syndrome, Miller Fisher syndrome in high risk individuals (neonates, elderly, and immune-
compromised patients) (Nyati & Nyati, 2013).

Within it taxonomy history, Campylobacter was di�cult to culture and differentiate from Vibrio,
Helicobacter, and Arcobacter genus (Corry et al., 2003). For that purpose, many techniques have been
reported to detect, con�rm, and characterize Campylobacter including phenotypic and genotypic methods
(Baaboua et al., 2021; Banowary et al., 2015; Duarte et al., 2016). In fact, the phenotypic methods of these
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bacteria have several limitations due to the lack of discriminatory tests between species, disability to
detect Viable But Non-Culturable state (VBNC) of Campylobacter that may appear under unfavorable
conditions, and the fact that these cells are biochemically inert (Duarte et al., 2016; Baaboua et al., 2017).
Nowadays, Polymerase Chain Reaction (PCR) is a powerful molecular tool, founded on the use of genetic
suitcase to obtain precise information about studied germs throughout the world. Wide variety types of
Campylobacter PCR were evolved, include conventional, real time or quantitative PCR (qPCR), multiplex,
and Reverse Transcription PCR (RT-PCR), regularly used for detection, quanti�cation, identi�cation, and
characterization of Campylobacter genes (Bui et al., 2012; Banowary et al., 2015; Banting et al., 2016).
Interestingly, the international monitoring organizations of pathogens in food, human, and animals such
as European Food Safety Authority (EFSA), Food and Drug Administration (FDA), World Health
Organization (WHO), and Centers of Diseases Control and Prevention (CDC), and others, have been
strongly recommended, their laboratory networks to use e�cient approaches like PCR, when reporting
prevalence and antibio-resistance pro�les of Campylobacter (Hurd et al., 2012; CDC, 2019).

In Morocco, the interest in Campylobacter species started very recently, whereof it seems to be necessary,
in both clinical and microbiological laboratories, to develop reliable, sensible, and fast methods for their
own purposes. Therefore, the aim of the present study was (i) to develop and optimize real-time PCR
technique in the Regional Laboratory for Analysis and Research (RLAR) in Tangier, Morocco by using
reference strains of C. coli and C. jejuni, (ii) to con�rm Campylobacter spp. isolates during this project,
and eventually (iii) to apply directly the developed protocols on enriched human food samples.

2. Materials And Methods

2. 1. Bacterial Strains And Growth Conditions
So as to test the speci�city and selectivity of the primers, C. jejuni (ATCC® 29428™) and C. coli
(ATCC®43478™) were initially purchased from the American Type Culture Collection and revitalized
following the description in type strains technical sheet. The pure colonies were stored at -70°C in brain
heart infusion (BHI) broth (Biolife, Italiana, Milano-Italy) containing 25% (v/v) of glycerol (BDH, Poole,
United Kingdom). The cells were recovered from − 70°C and grown on Columbia blood agar plates
(Biolife, Italiana, Milano-Italy) supplemented with 5% (v/v) de�brinated horse blood and incubated
microaerobically (5% O2, 10% CO2, 85% N2) at 42°C for 48 h.

2.2. Genomic DNA extraction
Few fresh colonies of C. jejuni and C. coli were removed from Columbia blood agar plates and placed into
in microcentrifuge tubes, separately, containing 1 mL of Phosphate Buffered Saline (PBS) solution in
order to obtain a turbidity of McFarland tube No. 1.0. The mixture was homogenized by vortexing for
minute. The aliquots of 1 mL of cultures were concentrated at 14 000 rpm for 3 min. After that, the total
genomic DNA was extracted using Wizard® Genomic DNA Puri�cation Kit (Promega, cat no. A1125,
Madison, USA) following the manufacturer’s instructions.
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2.3. Real-time PCR Assays

2.3.1. Probes and primers
Two primers sets were evaluated in this study, which were previously designed and provided by
Oligonucleotide Information, Bio Basic Canada Inc, for detection and con�rmation of two Campylobacter
species. The HipO primers (123 pb) were customed to target the HipO gene encodes for hippurate
hydrolase enzyme of C. jejuni and CadF primers (103 pb) were chosen to hunt the CadF gene, outer
membrane �bronecting binding protein of C. coli (Table 1). The lyophilized primers and probes were
rehydrated by adding deionized water diethyl pyrocarbonate (DEPC), following the manufacturer’s
recommendations to obtain 100 µM primary concentration of primers and probes. Each oligonucleotide
was aliquoted and stored at -20°C for future use.

Table 1
Characteristics of primers and probes used for detection of C. jejuni and C. coli

Oligonucleotide Sequence (5’◊3’) Tm
(°C)

GC
(%)

CJ_HipO_Forward AAT GCA CAA ATT TGC CTT ATA AAA GC 52.31 30.77

CJ_HipO_Reverse TNC CAT TAA AAT TCT GAC TTG CTA AAT A 50.73 26.79

CJ_HipO_Probe JOE-ACA TAC TTC TTT TTT ATT GCT TG-BHQ1 47.11 30.43

CC_
CadF_Forward

GAG AAA TTT TAT TTT TAT GGT TTA GCT GGT 51.45 26.67

CC_
CadF_Reverse

ACC TGC TCC ATA ATG GCC AA 56.73 50

CC_ CadF_Probe CY3-CCT CCA CTT TTA TTA TCA AAA GCG CCT TTA GAA A-
BHQ2

58.23 35.29

CJ: Campylobacter jejuni; CC: Campylobacter coli.

2.3.2. qPCR assays for C. coli and C. jejuni
To set up C. jejuni and C. coli ampli�cation mixture, we followed some descriptions established by Toplak
et al. (2012). Brie�y, for total ampli�cation volume of 25 µL, two reactions were performed; each of them
contained 1 X of PCR gold buffer (10 X), 0.4 mM of deoxyribonucleoside triphosphates dNTPs (10 mM), 4
mM of magnesium chloride MgCl2 (25 mM), 1 µM of C. jejuni-speci�c primers (10 µM), 0.2 µM of probe,
1.25 U/µL Taq polymerase. Only the DNA concentration was different in this �rst assay (2 µL of pure DNA
extracted and 2 µL of 1/200 diluted DNA). The �nal volume was completed by Clinical Laboratory
Reagent Water. Regarding the protocol of C. coli, the optimized concentrations of C. jejuni protocol were
used for the �rst assay of C. coli and modi�ed thereafter.

2.3.3. Thermal cycling conditions
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The choice of thermal cycling conditions was carried out taking into account the notes in the paper
named “the basic protocol plus troubleshooting and optimization strategies” introduced by Lorenz,
(2012). Thus, the initial denaturation was performed at 95°C for 10 min and 45 cycles; in which each
cycle consisting of denaturation at 95°C for 15s, annealing at 60°C for 1 min, and followed by elongation
at 72°C for 30s. Applied Biosystems 7500 Real-Time PCR System (Applied Biosystems, Foster city, USA)
was used to collect the residual �uorescence emitted from hydrolysis of Joe and Cy3 dyes and the
quantitative results of real-time PCR were assessed on threshold cycle values (Ct). The reaction was
considered positive with Ct ≤36 and negative with Ct> 36.

2.4. Optimization of qPCR protocol

2.4.1. HipO gene for C. Jejuni detection
After the success of the �rst ampli�cation assay of C. jejuni, and in order to enhance the ampli�cation
plots and also to economize the qPCR reagents, the chessboard titration method was performed to
establish the correct working concentrations of each reagent (Gunson et al., 2003). Three critical points
were optimized, in which buffer, 1/200 diluted C. jejuni DNA template, and dNTPs concentrations were the
same. However, in the second assay, we checked out the concentrations of C. jejuni-speci�c forward and
reverse (1.2; 0.8; and 0.4 µM) depending on C. jejuni-speci�c probes (0.08; 0.06; 0.04 µM), the amount of
MgCl2 (4 and 5 mM), as well as the probe concentrations of C. jejuni-probe (0.06; 0.08; and 0.12 µM).

2.4.2. CadF gene for C. Coli detection
The amendment of C. coli qPCR protocol was involved in two critical steps, applying chessboard titration
to assess the suitable concentrations of C. coli-speci�c primers and probes, as mentioned in Table 2.

Table 2
Chessboard titration for amendment of C. coli qPCR protocol

Reagents 1st assay 2nd assay 3rd assay 4th assay

PCR gold buffer (10 X) 1 X

dNTPs (10 mM) 0.4 mM

MgCl2 (25 mM) 5 mM

Taq polymerase (5U/µL) 1.25 U/µL

C. coli-speci�c forward (10 µM) 0.4 µM 0.8 µM

C. coli-speci�c reverse (10 µM) 0.4 µM 0.8 µM

C. coli-speci�c probe (1 µM) 0.04 µM 0.04 µM 0.08 µM 0.12 µM

2.5. Validation of C. jejuni and C. coli qPCR developed
protocols
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2.5.1. Con�rmation of Campylobacter pure isolates
From July 2015 to June 2018, 464 of meat samples, in Northern of Morocco, were analyzed according to
the horizontal method for detection and enumeration of Campylobacter in foods, following Moroccan
standard NM ISO: 10272-1 (2008) with slight modi�cations (El Baaboua et al., 2021). 130 suspicious
Campylobacter spp. isolates were collected, mainly, from Campylobacter blood base agar plates (Biolife,
Italiana, Milano-Italy) containing 5% de�brinated horse blood and antimicrobial supplement (polymyxin B,
cycloheximide, rifampicin and trimethoprim). Using the phenotypic tests recommended by NM ISO:
10272-1 (2008), the suspected colonies were biochemically con�rmed as C. jejuni and C. coli, and
subjected to molecular con�rmation using the selected pro�le of qPCR protocols for each strain.

2.5.2. Direct application of qPCR on positive enrichment
broths for Campylobacter spp.
Parallel to the isolation step, the enriched broiler chickens’ broths samples were stored at -20°C. After
biochemical and molecular con�rmation of Campylobacter species, 1 mL of 27 stored broths positive
samples for Campylobacter underwent DNA extraction as previously described. The DNA templates were
tested, for the presence of C. jejuni and C. coli, at the same time, according to the aforementioned
ampli�cation procedures.

2.6. Data analysis
Microsoft Excel spreadsheet (Microsoft Corp., Redmond, WA, USA, 2007) was used to calculate
percentages of strains identi�ed and recovered from culture and qPCR methods.

3. Results And Discussion
The present study aimed to develop and optimize real-time PCR technique in the regional laboratory for
analysis and research in Morocco, useful for laboratory practice, to con�rm Campylobacter spp. isolates,
as well as direct application of these developed protocols on enriched food samples broths.

3.1. Real-time PCR Assays
Campylobacter species are slow-growing, in which their recovery procedure can take place up to one
week, hence the need for evaluation of time-saving, speci�c, and sensitive technique such as qPCR. The
�rst assay of C. jejuni qPCR intended to establish the initial ampli�cation mixture that included two
reactions (Fig. 1). The results showed the pure extracted DNA of C. jejuni started to be ampli�ed from the
cycle of 11 (Ct1), while the 1/200 diluted DNA (Ct2) begun the ampli�cation from the cycle of 19. The
diluted DNA template improved more the ampli�cation intensity (∆Rn  225.000) than that noticed in the
initial DNA concentration (∆Rn = 180.000). Experimentally, the dilution treatment of extracted DNA was
carried to remove PCR chemical inhibitors (e.g. ethanol, isopropanol, chloroform, phenol, etc.) left in after
DNA extraction operation and therefore enhance the e�cacy of PCR ampli�cation plot. McCord et al.
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(2014) were analyzed a variety of PCR parameters like dilution, increasing polymerase, Bovine Serum
Albumin (BSA), and magnesium concentration on the ampli�cation curves inhibitory effects and found
that dilution decreased the concentration of the DNA sampled at the same time as the inhibitors. Other
than the effect on Ct value, the DNA serial dilutions demonstrated an improvement in DNA detection
sensitivity, which is approximately 1 ng/µL of concentration (Fontanot et al., 2014).

3.2. Optimization of qPCR

3.2.1. HipO gene for C. jejuni detection
A PCR effectiveness value is re�ected by the relative increase in �uorescence in the exponential phase of
the ampli�cation curve that can be varied through the concentration of one or more of PCR components.
During the optimization tests, three parameters were evaluated; the impact of the amount of C. jejuni
speci�c primers, probe, as well as the concentration of MgCl2 on the ampli�cation curves. The Fig. 2
indicates that the increase in concentrations of C. jejuni-speci�c forward, reverse, and probe (1.2; 1.2; 0.08
µM) affected positively the �uorescence signal, with the same threshold cycle (Ct = 19) of the 1/200
diluted DNA template of C. jejuni. Moreover, the optimization of the amount of MgCl2 (5 mM), primers (0.4
µM), and the probe (0.12 µM) showed a great ampli�cation pro�le compared to ampli�cation curve
illustrated in Fig. 2A (∆Rn = 325.000 versus ∆Rn = 120.000, respectively). In their comparative
investigation about �uorescent-increase kinetics of different �uorescent reporters used for qPCR depend
on monitoring chemistry, targeted sequence, type of DNA input, and PCR e�ciency, Ruijter et al. (2014)
found that the PCR e�ciency of hydrolysis probes and LUX primers, compared to DNA-binding dyes do
not require a correction of the observed quanti�cation cycle, in which the results were directly visualized
without need to an over estimation. In this study, the technology of hydrolysis probes was used and
proved similar e�ciency.

Obviously, magnesium ion (Mg2+) is required co-factors for DNA polymerase and concentration threshold
of this ion has an inhibitory impact on DNA polymerase enzyme. An excessive amount of MgCl2 may
prevent a complete denaturation of DNA template through stabilizing the duplex strand DNA and
subsequently reduce the amplicons produced (Lorenz, 2012). Hence, an adequate concentration of this
divalent cation (between 0.5 to 5.0 mM) is crucial for successful DNA detection (Datta & LiCata, 2003; Cai
et al., 2018). Indeed, the appropriate amount of Mg2+ in each ampli�cation protocol depends, particular,
upon master mix reagents (i.e. type of polymerase, dNTPs concentration, primers, and impurities in DNA
used) (Gouvea et al., 1990; Roux, 2009). In regards of our situation, for both HipO and CadF gene, 5 mM
of magnesium chloride ion was the optimal concentration related to our reagents used in this study to
obtain a sigmoid curve of ampli�cation.

3.2.2. CadF gene for C. coli detection
Based on C. jejuni founded protocol, the chessboard titration was carried out in amendment of C. coli
qPCR reaction mix. The �ndings in Table 3 indicated negative ampli�cation, when using small
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concentrations of C. coli-speci�c primers and the probe (0.4 µM and 0.04 µM respectively). An increased
in C. coli-speci�c forward and primers (0.8 µM of each sequence and 0.04 µM of probe) presented a
positive qPCR reaction, re�ected by the �uorescence signal reached at ∆Rn equal to 3500. In addition,
more that the amount of probe introduced was higher (up to 0.12 µM), more that the sigmoid curve of
apli�cation was observed (∆Rn  7000).The comparison of C. jejuni and C. coli ampli�cation curves
found that the speci�c primers of C. jejuni offered a higher level of �uorescence compared with CadF
primers of C. coli (∆Rn = 325.000 against ∆Rn  7000, respectively).

Table 3
Amendment results of C. coli speci�c primers and probes

  1st assay 2nd assay 3rd assay 4th assay

Ct 28

Fluorescence level (∆Rn) N/A 3500 5000  7000

Basically, HipO and CadF primers sets were designed to hunt and identify exclusively C. jejuni and C. coli
respectively among other bacterial species, in which the real time PCR data will serve for further analysis.
Primers characteristics (length, CG contents, coverage, 3’ end contain strong bases (C or G), and melting
temperature (Tm)) are additional criteria that should be taken into consideration when studying the qPCR
e�ciency (Ricke et al., 2019). Forward and reverse primers must present a greater content of CG (40–
60%) to form strong hydrogen bonds between the primer and the DNA template (Iwai et al., 2011; Jaric et
al., 2013). Based on the comparison of the primer’s quality of C. jejuni and C. coli target genes in this
investigation, the �ndings revealed incompatible content of CG between reverse and forward of CadF
gene (Table 1). The quality of CadF primers may be one of the reasons affected the �uorescence level of
C. coli obtained despite the doubled amount of primers introduced in the ampli�cation mixture. Gardès et
al. (2012) strongly recommended the bioinformatic analyses of primers, before their use, to validate the
choice and thus avoid or improve their specify use in molecular detection tests.

Moreover, PCR works e�ciently only within the overlapping of temperature range de�ned by the primers
and thermal cycling conditions used. If these temperatures were not respected, secondary structures may
occur at primer-template binding at higher temperature and also mismatch interactions that could be
favored when primers with high Tm values in PCR reactions run at low annealing temperatures (Naqib et
al., 2019). In our case, the use of 1% agarose gel electrophoresis for the qPCR products (data not shown)
indicated the presence of speci�c and intense bands of each qPCR products of CadF and HipO gene,
which means that the primers were bound perfectly with the DNA of each target.

3.3. Validation of C. jejuni and C. coli qPCR developed
protocols

3.3.1. Con�rmation of Campylobacter spp. isolates
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After optimization, the qPCR retained protocols of C. jejuni and C. coli were as follow; 2 µL of diluted DNA
solution, 1X PCR gold buffer (10X), 0.4 mM of dNTPs, 5 mM of MgCl2 and 1.25 U/µL of Taq polymerase.
The concentrations of primers were different for each strain, so that 0.4 µM and 0.12 µM of each primer
and C. jejuni-speci�c probe in C. jejuni reaction mixture, while, 0.8 µM and 0.12 µM of C. coli-speci�c
primers were the most favorable amount in the ampli�cation mixture of C. coli. The application of qPCR
optimized protocols on 130 of C. jejuni and C. coli isolated from variety type of food (broiler chickens,
turkeys, cattle, and handling surface swabs) were 100% positive for C. coli (108/108) and for C. jejuni
(22/22), similar outcomes as found by phenotypic tests (Table 4). The results proved also the dominance
frequency of C. coli than C. jejuni in Moroccan food samples.

Table 4
qPCR con�rmation of Campylobacter spp. isolated from food samples

Samples Biochemical identi�cation N (%) qPCR con�rmation N (%)

C. coli (N = 108) C. jejuni (N = 22) C. coli (N = 108) C. jejuni (N = 22)

Broiler chickens 71 (65.74) 13 (59.09) 71 (65.74) 13 (59.09)

Turkeys 25 (23.15) 4 (18.18) 25 (23.15) 4 (18.18)

Cattle 7 (6.48) 3 (13.64) 7 (6.48) 3 (13.64)

Swabs 5 (4.63) 2 (9.09) 5 (4.63) 2 (9.09)

According to the interpretive summary of food samples analyzed, indicated in Moroccan standard (NM
10272-1: 2008), the presence of Campylobacter colonies make specimens unsuitable for human
consumption. C. jejuni is the dominant reported specie of Campylobacter genus, mainly in broiler
chickens and turkeys meat samples (Chon et al., 2018). However, further investigations con�rmed that C.
coli was more frequent compared to C. jejuni in meat samples (Guirin et al., 2019; D. Liu et al., 2019).
These �ndings were similar to those indicated in the present project. Indeed, scientists suggested that the
difference in the recovery of Campylobacter spp. can be awarded to culture conditions, seasons, types
and stage of samples treatment, or also phenotypic techniques used (Butzler, 2004; Iannetti et al., 2020).
Owing to the Campylobacter inert biochemical pro�le, few phenotypic tests were described to
differentiate those species (Baaboua et al., 2017). From the recommended biochemical tests in NM ISO
10272-1 (2008), hippurate hydrolysis was used and showed similar sensitivity with our molecular results
(the presence of hipO gene in suspected C. jejuni isolated strains), which makes this test remains useful
phenotypic criterion to differentiate C. jejuni from other species (Liu et al., 2020). Similar �ndings were
also noticed for the con�rmation of C. coli. Consequently, both methods had proportional sensitivity and
e�ciency in this study.

3.3.2. Direct application of qPCR on positive enrichment
broths for Campylobacter
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The developed protocols of qPCR were directly applied on 27 enriched broths samples positive for
Campylobacter, the �ndings were summarized in Table 5. From 27 broiler chickens’ samples, C. coli
(77.78%) were the most isolated strain from culture method, biochemically con�rmed, compared to C.
jejuni (22.22%). Nonetheless, the application of qPCR directly on enriched broth revealed a higher
percentage (74.07%) of co-existence of C. coli and C. jejuni in the same analyzed samples, which means
that the positive samples, for only C. coli by culture method, could be also positive for C. jejuni, whose
was not selected and/or isolated. It is undeniable that culture technique has a less sensitivity than real
time PCR method (Singh et al., 2011; Bessède et al., 2018). This was also noticed in the present work,
whereby the qPCR detected higher percentage of both researched genes comparable to culture technique
that recovered importantly C. coli. Thus far, real-time PCR is the most sensitive and reliable tool for the
detection of Campylobacter genus. In the light of these �ndings, we suggested the evaluation of multiplex
qPCR to include HipO, CadF, and other genes for an easy and appropriate routine use (El Baaboua et al.,
2021). Unlike, the replacement of the culture approach seems to be di�cult (Liang et al., 2018; Baaboua
et al., 2021).

Table 5
Percentage of C. jejuni and C. coli recovery from culture and real time

PCR
Strain detected NM ISO: 10272-1 (2008) N (%) qPCR N (%)

Only C. jejuni 6 (22.22) 4 (14.81)

Only C. coli 21(77.78) 8 (29.63)

C. jejuni & C. coli 0 (0) 20 (74.07)

In order to control and prevent Campylobacter infections, real time PCR was used as culture-independent
diagnostic test and have proven the ability to detect the VBNC state of C. jejuni, commonly recognized as
hidden risk factor for campylobacteriosis (Liu et al., 2018; Lv et al., 2020). Likewise, Fontanot et al. (2014)
were studied the sensitivity of qPCR method, through arti�cial contamination of broth inoculated with the
same amount of C. coli and C. jejuni (alone or in a mixture) and concluded that the qPCR detected 10
CFU/mL for both species. Also, the use of this technique in combination with standard method allowed
researchers to detect Campylobacter spp. in broths at 24h, matter that reduced the time needed using the
o�cial ISO :10272-1B (2008) technique (Fontanot et al., 2014). Beyond all of this, recently the
technological innovations have surpassed the physicochemical barriers in order to access to the
microbial genome easily and faster. Soejima et al., (2016) suggested a novel master mix for direct qPCR
to detect genes in a single bacterium with solid cell walls, applied in research and diagnostics without
need to DNA extraction.

Besides all these strengths, there are some limitations to note. The detection limits of this method
through arti�cial contamination, DNA quanti�cation when diluted templates, and speci�city of CadF and
HipO genes against others microorganisms should be examined in future research.
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4. Conclusion
C. jejuni is the main foodborne pathogen implicated in campylobacteriosis that threatens the public
health. Hence, the implicated species should be determined as soon as possible, in particular C. jejuni and
C. coli. The earlier results in the current study showed that the diluted DNA templates improved the
ampli�cation plot intensity and the amendment of the amount of speci�c primers, probes of HipO, and
CadF gene, as well as the concentration of MgCl2 upon the ampli�cation curves affected positively the
�uorescence signal for both C. jejuni and C. coli established protocols. Also, it was observed that the
ampli�cations curves of C. jejuni primers offered a higher level of �uorescence compared with CadF
primers of C. coli (∆Rn = 325.000 against ∆Rn  7000, respectively). This was explained by the high
quality of HipO primers compared to CadF primers. The qPCR con�rmation of 130 C. jejuni and C. coli
strains isolated from variety type of food, indicated similar outcomes as found by phenotypic tests.
Nevertheless, the application of qPCR directly on enriched broth revealed a higher percentage of co-
existence of C. coli and C. jejuni in the same analyzed samples, which means that the positive samples,
for only C. coli by culture method, were also positive for C. jejuni, whose was not recovered. The present
study developed and validated reliable, rapid, robust, and speci�c qPCR method for screening,
quantifying, and con�rming Campylobacter in food safety monitoring.

Declarations
Funding

This study has not received funding.

Data availability 

All used data in this study were cited in the manuscript.

Competing interests

The authors declare that they have no competing interests

References
Aroori, S. V., Cogan, T. A., & Humphrey, T. J. (2013). The effect of growth temperature on the pathogenicity
of Campylobacter. Current Microbiology, 67(3), 333–340. https://doi.org/10.1007/s00284-013-0370-1.

Baaboua, A. E., Maadoudi, M. E., Bouyahya, A., & Abrini, J. (2017). Intestinal Infections of Campylobacter:
A Review. Microbiology Research Journal International, 18(6), 1–8. https://doi.org/DOI:
10.9734/MRJI/2017/31496.

Baaboua, A. E., Maadoudi, M. E., Bouyahya, A., Kounnoun, A., Bougtaib, H., Omar, B., Boujida, N., & Abrini,
J. (2021). A REVIEW OF CURRENT KNOWLEDGE AND GAPS ABOUT CAMPYLOBACTER METHODS:



Page 12/16

FROM CULTURE TO CHARACTERIZATION. Journal of Microbiology, Biotechnology and Food Sciences,
e4154–e4154. https://doi.org/10.15414/jmbfs.4154.

Banowary, B., Dang, V. T., Sarker, S., Connolly, J. H., Chenu, J., Groves, P., Ayton, M., Raidal, S., Devi, A.,
Vanniasinkam, T., & Ghorashi, S. A. (2015). Differentiation of Campylobacter jejuni and Campylobacter
coli Using Multiplex-PCR and High Resolution Melt Curve Analysis. PLOS ONE, 10(9), e0138808.
https://doi.org/10.1371/journal.pone.0138808

Banting, G. S., Braithwaite, S., Scott, C., Kim, J., Jeon, B., Ashbolt, N., Ruecker, N., Tymensen, L., Charest, J.,
Pintar, K., Checkley, S., & Neumann, N. F. (2016). Evaluation of Various Campylobacter-Speci�c
Quantitative PCR (qPCR) Assays for Detection and Enumeration of Campylobacteraceae in Irrigation
Water and Wastewater via a Miniaturized Most-Probable-Number–qPCR Assay. Applied and
Environmental Microbiology, 82(15), 4743–4756. https://doi.org/10.1128/AEM.00077-16.

Bessède, E., Asselineau, J., Perez, P., Valdenaire, G., Richer, O., Lehours, P., & Mégraud, F. (2018). Evaluation
of the Diagnostic Accuracy of Two Immunochromatographic Tests Detecting Campylobacter in Stools
and Their Role in Campylobacter Infection Diagnosis. Journal of Clinical Microbiology, 56(4).
https://doi.org/10.1128/JCM.01567-17.

Bronowski, C., James, C. E., & Winstanley, C. (2014). Role of environmental survival in transmission of
Campylobacter jejuni. FEMS Microbiology Letters, 356(1), 8–19. https://doi.org/10.1111/1574-
6968.12488.

Bui, X. T., Wolff, A., Madsen, M., & Bang, D. D. (2012). Reverse transcriptase real-time PCR for detection
and quanti�cation of viable Campylobacter jejuni directly from poultry faecal samples. Research in
Microbiology, 163(1), 64–72. https://doi.org/10.1016/j.resmic.2011.10.007.

Butzler, J.-P. (2004). Campylobacter, from obscurity to celebrity. Clinical Microbiology and Infection: The
O�cial Publication of the European Society of Clinical Microbiology and Infectious Diseases, 10(10),
868–876. https://doi.org/10.1111/j.1469-0691.2004.00983.x.

Cai, D., Behrmann, O., Hufert, F., Dame, G., & Urban, G. (2018). Direct DNA and RNA detection from large
volumes of whole human blood. Scienti�c Reports, 8(1), 3410. https://doi.org/10.1038/s41598-018-
21224-0.

CDC. (2019, February 27). Laboratory Surveys | FoodNet | CDC.
https://www.cdc.gov/foodnet/surveys/lab.html.

Chon, J.-W., Lee, S.-K., Yoon, Y., Yoon, K.-S., Kwak, H.-S., Joo, I.-S., & Seo, K.-H. (2018). Quantitative
prevalence and characterization of Campylobacter from chicken and duck carcasses from poultry
slaughterhouses in South Korea. Poultry Science, 97(8), 2909–2916. https://doi.org/10.3382/ps/pey120.



Page 13/16

Corry, J. E. L., Atabay, H. I., Forsythe, S. J., & Mans�eld, L. P. (2003). Chapter 18 Culture media for the
isolation of campylobacters, helicobacters and arcobacters. In J. E. L. Corry, G. D. W. Curtis, & R. M. Baird
(Eds.), Progress in Industrial Microbiology (Vol. 37, pp. 271–316). https://doi.org/10.1016/S0079-
6352(03)80021-8.

Datta, K., & LiCata, V. J. (2003). Salt dependence of DNA binding by Thermus aquaticus and Escherichia
coli DNA polymerases. The Journal of Biological Chemistry, 278(8), 5694–5701.
https://doi.org/10.1074/jbc.M208133200.

Duarte, A., Seliwiorstow, T., Miller, W. G., De Zutter, L., Uyttendaele, M., Dierick, K., & Botteldoorn, N. (2016).
Discriminative power of Campylobacter phenotypic and genotypic typing methods. Journal of
Microbiological Methods, 125(Supplement C), 33–39. https://doi.org/10.1016/j.mimet.2016.03.004.

El Baaboua, A., El Maadoudi, M., Bouyahya, A., Belmehdi, O., Kounnoun, A., Zahli, R., & Abrini, J. (2018).
Evaluation of Antimicrobial Activity of Four Organic Acids Used in Chicks Feed to Control Salmonella
typhimurium: Suggestion of Amendment in the Search Standard [Research article]. International Journal
of Microbiology. https://doi.org/10.1155/2018/7352593.

El Baaboua, A., El Maadoudi, M., Bouyahya, A., Kounnoun, A., Bougtaib, H., Belmehdi, O., Senhaji, N. S., &
Abrini, J. (2021). Prevalence and antimicrobial pro�ling of Campylobacter spp. Isolated from meats,
animal, and human feces in Northern of Morocco. International Journal of Food Microbiology, 349,
109202. https://doi.org/10.1016/j.ijfoodmicro.2021.109202.

Facciolà, A., Riso, R., Avventuroso, E., Visalli, G., Delia, S. A., & Laganà, P. (2017). Campylobacter: From
microbiology to prevention. Journal of Preventive Medicine and Hygiene, 58(2), E79–E92.

Fontanot, M., Iacumin, L., Cecchini, F., Comi, G., & Manzano, M. (2014). Rapid detection and differentiation
of important Campylobacter spp. In poultry samples by dot blot and PCR. Food Microbiology, 43, 28–34.
https://doi.org/10.1016/j.fm.2014.05.001.

Gardès, J., Croce, O., & Christen, R. (2012). In Silico Analyses of Primers Used to Detect the Pathogenicity
Genes of Vibrio cholerae. Microbes and Environments, advpub. https://doi.org/10.1264/jsme2.ME11317.

Gouvea, V., Glass, R. I., Woods, P., Taniguchi, K., Clark, H. F., Forrester, B., & Fang, Z. Y. (1990). Polymerase
chain reaction ampli�cation and typing of rotavirus nucleic acid from stool specimens. Journal of
Clinical Microbiology, 28(2), 276–282.

Guirin, G. F., Brusa, V., Adriani, C. D., & Leotta, G. A. (2019). Prevalence of Campylobacter jejuni and
Campylobacter coli from broilers at conventional and kosher abattoirs and retail stores. Revista Argentina
de Microbiología. https://doi.org/10.1016/j.ram.2019.07.002

Gunson, R., Gillespie, G., & F Carman, W. (2003). Optimisation of PCR reactions using primer
chessboarding. Journal of Clinical Virology: The O�cial Publication of the Pan American Society for



Page 14/16

Clinical Virology, 26(3), 369–373. https://doi.org/10.1016/s1386-6532(03)00006-4.

Gupta, R. S. (2006). Molecular signatures (unique proteins and conserved indels) that are speci�c for the
epsilon proteobacteria (Campylobacterales). BMC Genomics, 7, 167. https://doi.org/10.1186/1471-2164-
7-167.

Hurd, S., Patrick, M., Hatch, J., Clogher, P., Wymore, K., Cronquist, A. B., Segler, S., Robinson, T., Hanna, S.,
Smith, G., & Fitzgerald, C. (2012). Clinical laboratory practices for the isolation and identi�cation of
Campylobacter in Foodborne Diseases Active Surveillance Network (FoodNet) sites: Baseline information
for understanding changes in surveillance data. Clinical Infectious Diseases: An O�cial Publication of the
Infectious Diseases Society of America, 54 Suppl 5, S440-445. https://doi.org/10.1093/cid/cis245.

Iannetti, S., Calistri, P., Di Sera�no, G., Marotta, F., Alessiani, A., Antoci, S., Neri, D., Perilli, M., Iannitto, G.,
Iannetti, L., Migliorati, G., & Di Giannatale, E. (2020). Campylobacter jejuni and Campylobacter coli:
Prevalence, contamination levels, genetic diversity and antibiotic resistance in Italy. Veterinaria Italiana,
56(1). https://doi.org/10.12834/VetIt.1819.9596.

Iwai, S., Johnson, T. A., Chai, B., Hashsham, S. A., & Tiedje, J. M. (2011). Comparison of the Speci�cities
and E�cacies of Primers for Aromatic Dioxygenase Gene Analysis of Environmental Samples . Applied
and Environmental Microbiology, 77(11), 3551–3557. https://doi.org/10.1128/AEM.00331-11.

Jaric, M., Segal, J., Silva-Herzog, E., Schneper, L., Mathee, K., & Narasimhan, G. (2013). Better primer
design for metagenomics applications by increasing taxonomic distinguishability. BMC Proceedings,
7(Suppl 7), S4. https://doi.org/10.1186/1753-6561-7-S7-S4.

Liang, H., Wen, Z., Li, Y., Duan, Y., Gu, Y., & Zhang, M. (2018). Comparison of the Filtration Culture and
Multiple Real-Time PCR Examination for Campylobacter spp. From Stool Specimens in Diarrheal
Patients. Frontiers in Microbiology, 9. https://doi.org/10.3389/fmicb.2018.02995.

Liu, D., Liu, W., Li, X., Yao, H., Shen, Z., Wang, Y., & Shen, J. (2019). Presence and Antimicrobial
Susceptibility of RE-cmeABC-Positive Campylobacter Isolated from Food-Producing Animals, 2014–2016.
Engineering. https://doi.org/10.1016/j.eng.2019.10.013.

Liu, D., Liu, W., Li, X., Yao, H., Shen, Z., Wang, Y., & Shen, J. (2020). Presence and Antimicrobial
Susceptibility of RE-cmeABC-Positive Campylobacter Isolated from Food-Producing Animals, 2014–2016.
Engineering, 6(1), 34–39. https://doi.org/10.1016/j.eng.2019.10.013.

Liu, J., Deng, Y., Li, L., Li, B., Li, Y., Zhou, S., Shirtliff, M. E., Xu, Z., & Peters, B. M. (2018). Discovery and
control of culturable and viable but non-culturable cells of a distinctive Lactobacillus harbinensis strain
from spoiled beer. Scienti�c Reports, 8(1), 11446. https://doi.org/10.1038/s41598-018-28949-y.

Lorenz, T. C. (2012). Polymerase chain reaction: Basic protocol plus troubleshooting and optimization
strategies. Journal of Visualized Experiments: JoVE, 63, e3998. https://doi.org/10.3791/3998.



Page 15/16

Lv, R., Wang, K., Feng, J., Heeney, D. D., Liu, D., & Lu, X. (2020). Detection and Quanti�cation of Viable but
Non-culturable Campylobacter jejuni. Frontiers in Microbiology, 10.
https://doi.org/10.3389/fmicb.2019.02920.

McCord, B., Pionzio, A., & Thompson, R. (2014). Abstracts Database—National Criminal Justice Reference
Service. https://www.ncjrs.gov/App/AbstractDB/AbstractDBDetails.aspx?id=271288.

Naqib, A., Jeon, T., Kunstman, K., Wang, W., Shen, Y., Sweeney, D., Hyde, M., & Green, S. J. (2019). PCR
effects of melting temperature adjustment of individual primers in degenerate primer pools. PeerJ, 7.
https://doi.org/10.7717/peerj.6570.

Nyati, K. K., & Nyati, R. (2013). Role of Campylobacter jejuni infection in the pathogenesis of Guillain-
Barré syndrome: An update. BioMed Research International, 2013, 852195.
https://doi.org/10.1155/2013/852195.

Ricke, S. C., Feye, K. M., Chaney, W. E., Shi, Z., Pavlidis, H., & Yang, Y. (2019). Developments in Rapid
Detection Methods for the Detection of Foodborne Campylobacter in the United States. Frontiers in
Microbiology, 9. https://doi.org/10.3389/fmicb.2018.03280.

Roux, K. H. (2009). Optimization and troubleshooting in PCR. Cold Spring Harbor Protocols, 2009(4),
pdb.ip66. https://doi.org/10.1101/pdb.ip66.

Ruijter, J. M., Lorenz, P., Tuomi, J. M., Hecker, M., & van den Hoff, M. J. B. (2014). Fluorescent-increase
kinetics of different �uorescent reporters used for qPCR depend on monitoring chemistry, targeted
sequence, type of DNA input and PCR e�ciency. Mikrochimica Acta, 181(13–14), 1689–1696.
https://doi.org/10.1007/s00604-013-1155-8.

Singh, H., Rathore, R. S., Singh, S., & Cheema, P. S. (2011). Comparative Analysis of Cultural Isolation and
Pcr Based Assay for Detection of Campylobacter Jejuni In Food and Faecal Samples. Brazilian Journal of
Microbiology, 42(1), 181–186. https://doi.org/10.1590/S1517-83822011000100022.

Soejima, T., Xiao, J., & Abe, F. (2016). A novel mechanism for direct real-time polymerase chain reaction
that does not require DNA isolation from prokaryotic cells. Scienti�c Reports, 6(1), 28000.
https://doi.org/10.1038/srep28000.

Toplak, N., Kovač, M., Piskernik, S., Možina, S. S., & Jeršek, B. (2012). Detection and quanti�cation of
Campylobacter jejuni and Campylobacter coli using real-time multiplex PCR. Journal of Applied
Microbiology, 112(4), 752–764. https://doi.org/10.1111/j.1365-2672.2012.05235.x.

Figures



Page 16/16

Figure 1

C. jejuni �rst assay results. Ct1: Concentrated DNA template, Ct2: 1/200 diluted DNA of C. jejuni.

Figure 2

C. jejuni optimization qPCR protocol, according to the impact of primers and probes concentrations (Fig.
2A), and also according to MgCl2 concentrations (Fig. 2B). F: forward; R: reverse; P: probe.


