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INTRODUCTION

Introduction: Campylobacter spp. are important causative agents of gastrointes-
tinal infections in humans. The most frequently isolated strains of this bacterial
genus are Campylobacter jejuni and Campylobacter coli. To date, genetic methods
for bacterial identification have not been used in Bulgaria. We optimized the mul-
tiplex PSR assay to identify Campylobacter spp. and differentiate C. jejuni from C.
coliin clinical isolates. We also compared this method with the routinely used bio-
chemical methods.

Aim:To identify Campylobacter spp. and discriminate C. coli from C. jejuniin clinical
isolates using multiplex PCR assay.

Materials and methods: Between February 2014 and January 2015 we studied
93 stool samples taken from patients with diarrheal syndrome and identified 40
species of Campylobacter spp. in them. The clinical material was cultured in micro-
aerophilic atmosphere, the isolated strains being biochemically differentiated (hy-
drolysis of sodium hippurate for C. jejuni, and hydrolysis of indoxyl acetate for C.
coli). DNA was isolated from the strains using QiaAmp MiniKit (QIAGEN, Germany).
Twenty strains were tested with multiplex PCR for the presence of these genes:
cadF, characteristic for Campylobacter spp., hipO for C. jejuni and asp for C. coli.

Results and discussion: The biochemical tests identified 16 strains of C. jejuni,
3 strains of C. coli, and 1 strain of C. upsaliensis. After the multiplex PCR assay the
capillary gel electrophoresis confirmed 16 strains of C. jejuni, 2 strains of C. coliand
2 strains of Campylobacter spp. — because of the presence of the gene cadF. C. jeju-
ni has the gene hipO, and it is possible that this gene may not be expressed in the
biochemical differentiation yielding a negative reaction as a result. In comparison,
we can conclude that the genetic differentiation is a more accurate method than
the biochemical tests.

Conclusion: The multiplex PCR assay is a fast, accurate method for identification
of Campylobacter spp. which makes it quite necessary in the clinical diagnostic
practice.

and other sources; domesticated animals such as

Campylobacterioses are the most common gastro-
intestinal bacterial infections in the developed and
developing countries with children under the age
of five being the most affected population. They
are caused by Campylobacter which is a genus of
Gram-negative, motile, non-spore forming bacteria
of which Campylobacter jejuni and Campylobacter
coli are the most frequent isolates (80-85% and
10-15% of all campylobacterioses, respectively).
The source of infection is most often contaminated
food products — poultry meat, unpasteurized milk,

dogs and cats are also potential sources of campy-
lobacteriosis. The resulting infection may vary from
mild watery diarrhoea to a bloody profuse diarrhoea
with abdominal pain and high fever; this infection
is clinically indistinguishable from gastroenteritis
caused by Salmonella, Shigella or other entero-
pathogenic bacteria.!"!>1> Most patients recover
from the infection without specific treatment - the
infectious process is self-limiting and the symptoms
are resolved within one week but the infection is
recurrent in 20% of patients. Just like other any
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other enteropathogen, Campylobacter bacteria and
especially C. jejuni cause post-infection complica-
tions of which the Guillain-Barre syndrome, an
acute demyelinating disease affecting the peripheral
nervous system, is the most prominent.>-®

The genus Campylobacter are thermophilic,
exigent bacteria which die if they stay too long
in the presence of oxygen, and this is quite an
obstacle when it comes to isolating them. Their
cultivation requires microaerophilic conditions (5%
0, + 10% CO, + 85% N,) at 42-43°C for 48-72h.
Biochemical tests have been used most commonly
to isolate the C. jejuni and C. coli — reaction to
sodium hippurate hydrolysis and indoxyl acetate
hydrolysis. However, the phenotypic differentia-
tion is not always accurate.”!%16 To address this
shortcoming we optimized a genetic method — the
multiplex PCR — to identify the two species, which
is more accurate and reliable than the phenotypic
test. We used primers for detecting conservative
genes: cadF - for all types of Campylobacter genus,
hipO — for C. jejuni and asp for C. coli. Analysis
of the results of multiplex PCR assay, compared
with those of the biochemical tests, confirmed the
accuracy of the genetic method and the need for
its application in diagnosing campylobacteriosis.

AIM

To develop, optimize and use multiplex PCR assay
to identify and discriminate the species of bacteria
- C. jejuni and C. coli - that are the most frequent
causes of campylobacteriosis in human population.

MATERIALS AND METHODS

We examined 93 samples of clinical material taken
from patients with diarrheal syndrome between
January 2014 and January 2015.

1. BACTERIAL STRAINS AND CULTURE CONDITIONS.

The strains were isolated by conventional tech-

niques - the clinical samples were grown on blood
agar plates (BulBio- NCIPD, LTD, Sofia, Bulgaria)
using the membrane method with a nitrocellulose
membrane filters (Sartorius Stedim Biotech GmbH
37070 Goettingen, Germany); they were cultured
in microaerophilic atmosphere (5% O,, 10% CO,
and 85% N,) at 42-43°C for 48-72 h. Forty out of
93 strains were isolated and these were biochemi-
cally differentiated — positive reaction to sodium
hippurate hydrolysis and indoxyl acetate hydrolysis
for C. jejuni, and positive reaction to indoxyl ac-
etate hydrolysis for C. coli. The bacterial culture
was collected and stored at -20°C for subsequent
PCR-analysis.

2. DNA EXTRACTION.

The DNA of the isolated strains was extracted with
Kit (QIAamp DNA Blood Mini Kit-QIAGEN, Ger-
many) according to the manufacturer’s instructions.

3. MutripLEX PCR ANALYSIS.

Multiplex PCR assay was used to detect conservative
genes: the cadF (16SPDNA) gene, which is typical
for Campylobacter spp, hipO — the hippuricase gene
characteristic for C. jejuni and the asp - asparto-
kinase gene characteristic for C. coli. The primers
we used and their sequences are shown in Tab-
le 1.!7:18 We also included two reference strains: 814
(C. coli) and ATCC 33560 (C. jejuni) as positive
controls for the PCR analysis and ddH,O as negative
control. The multiplex PCR assay was optimized to
function in a final reaction volume of 25 pl with
these primers and under these conditions: 1x Taq
DNA polymerase buffer; 4 mM MgCl,; 0.2 mM
dNTP; 0.03 U/ul Superhot Tag DNA polymerase
(set Applichem GmbH, Germany); 0.6 uM cadF-F/R;
0.2 uM asp-F/R; 0.2 uM hipO-F/R. The assay was
performed using IQ5TM Real Time PCR System
(BIO RAD) under the following cycling conditions:
initialization step - denaturation at 94°C for 5 min;
then 35 cycles with denaturation at 94°C for 45

Table 1. Sequences of the used primers and their amplicon sizes

Gene Sequence t:;fl(l[fg;l Source
cadF - F TTGAAGGTAATTTAGATATG 400 Nayak et al., 2005 7
cadF- R CTAATACCTAAAGTTGAAAC
hipO— F GAAGAGGGTTTGGGTGGTG 735 Linton et al., 1997 '8
hipO— R AGCTAGCTTCGCARAATAACTTG
asp — F GGTATGATTTCTACAAAGCGAG 500 Linton et al., 1997 8
asp - R ATAAAAGACTATCGTCGCGTG

96

Folia Medical 2016 1 Vol. 58 | No. 2 | Article 3



Folia Medica

Multiplex PCR Assay for Identification and Differentiation of Campylobacter jejuni and Campylobacter colilsolates

seconds each, hybridization at 52°C for 45 second
and elongation at 72°C for 60 seconds; the final
step was elongation at 72°C for 2 min. The sizes
of the produced amplicons were 735 bp, 500 bp,
and 400 bp belonging to Campylobacter spp., C.
coli and C. jejuni, respectively.

The amplicons were visualized using capillary
electrophoresis (QIAxcel, DNA QIAGEN sample
Handbook, and Assay Technologies, 2008).

RESULTS AND DISCUSSION

We isolated 40/93 (43.01%) strains of Campylobacter
spp. (Fig. 1). The phenotypic test identified 25 strains

Figure 1. Campylobacter spp. grown on blood agar
plates (BulBio- NCIPD,LTD, Sofia, Bulgaria).

of C. jejuni - positive reaction to sodium hippurate
hydrolysis (Fig. 2); two strains of C. coli - positive
reaction to indoxyl acetate hydrolysis (Fig. 3) and
13 strains of Campylobacter spp.

Figure 2. Hydrolysis of sodium hippurate (positive
reaction in blue).

Figure 3. Hydrolysis of indoxyl acetate (positive reac-
tion in blue).

nnnnn

£

w0

9 10 11 12 13 14 15 16

Starts: 14 - C. jejuni (+ control); 15 - C. coli (+ control); 16 — molecular marker (- control);
Starts: 1-5, 7-9, 11-13 - C. jejuni; 10 - C. coli: culture grown clinical isolates;
Starts: 6 - C. jejuni, identified phenotypically as C. coli.

Figure 4. Results of the multiplex PCR assay.
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Thirteen strains were randomly selected for
genetic differentiation: 11 strains of C. jejuni and
2 strains of C. coli.

This assay provided a specific PCR product
for each of the C. jejuni and C. coli, and each
of the amplicons was sufficiently distinguished
by the difference in size by capillary gel elec-
trophoresis that confirmed 12 strains of C. jejuni
and only one strain of C. coli. The second strain,
which biochemically was identified as C. coli, was
identified in the multiplex PCR assay as C. jejuni
because of the presence of the gene hipO (start
6 in Fig. 4). C. jejuni has the gene hippuricase -
hipO, but this gene might not be expressed, and
the reaction in the phenotypic differentiation may
be false positive.!”2? The multiplex PCR assay

was initially developed and optimized using two
Campylobacter reference strains (C. jejuni ATCC
33560 and C. coli Denmark WHO 814). To evalu-
ate the effectiveness of the multiplex PCR assay,
all Campylobacter isolates previously identified
by conventional biochemical-based identification
were tested.

Although these biochemical-based assays suc-
cessfully identified 12 of 13 isolates, 13 isolates
required additional PCR assay to compensate for
the low differential power of the biochemical-based
assays. The results of the additional PCR assays
and the biochemical-based ones are shown in Table
2. Sequencing analysis of 16S rRNA gene PCR
products was performed on 12 C. jejuni isolates,
and one C. coli. The genetic differentiation is the
more reliable method (Table 2).

Table 2. Results of multiplex PCR assay and biochemical identification of Campylobacter spp. isolates

Lab No Sex ?f: Hospital Bi(;zl;eglicillilt)est idgltig;(ciietfio- l;ecs;lta?::; I:if?e)sc;)e; ll’dCell;-
chemically assay

710 female 1 TH** - + C. jejuni ;?pdg C. jejuni
711 male 4 HIPD* + + C. jejuni ;i.’;g C. jejuni
713 female 4 HIPD - + C. jejuni ;?jg C. jejuni
714 female 2 HIPD + + C. jejuni Zj’;g C. jejuni
719 male 3 TH + - C. coli ;‘i’;g C. jejuni
722 male 2 HIPD + + C. jejuni 2?;15 C. jejuni
734 male 2 HIPD + + C. jejuni ;:jg C. jejuni
757 male 3 TH + + C. jejuni ;?jg C. jejuni
829 male 1 TH + + C. jejuni 2?;5 C. jejuni
840 female 7 TH - + C. jejuni Z‘Zf;g C. jejuni
845 male 2 TH + + C. jejuni Z?Zg C. jejuni
848 male - TH + + C. jejuni ;?jg C. jejuni

814(RS™) - ; Denmark + - C. coli cadF C. coli

WHO asp

* HIPD - Hospital for Infectious and Parasitic Diseases, Medical University of Sofia.

** TH — Tokuda Hospital, Sofia.
**% Reference strain.
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Campylobacters are the most common bacterial
agents that cause gastroenteritis worldwide.

The estimates of incidence in the developed
and developing countries show that Campylobacter
related cases are more than the Salmonella-caused
infections and these are particularly common in
children under the age of two occasionally hav-
ing lethal outcome. The accurate identification
of the infectious agent is of utmost importance.
The species of clinical significance that are most
frequently isolated are C. jejuni and C. coli.!l"!*
21 They are usually discriminated on the basis of
some phenotypic tests which are time-consuming
and labor-intensive. Moreover, these tests are not
always accurate because some strains of C. jejuni
with hippuricase gene - hipO may not express
this gene and the reaction to the sodium hippurate
hydrolysis can yield false positive results when the
strains are biochemically differentiated. The strain
then may be inaccurately identified as C. coli.'®?°

This method will be further optimized to specifi-
cally identify C. jejuni and C. coli directly from
feces which will reduce the time and cost of the
diagnostic process in Bulgaria where the high
incidence of gastrointestinal infections is still an
important clinical and socio-economic problem.

CONCLUSIONS

The results of our study suggest that the multiplex
PCR assay gives accurate results in the identifica-
tion process and differentiation of the species that
are the most frequent causes of campylobacterioses
induced by C. jejuni and C. coli which makes it
useful in the clinical diagnostic process.
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MynbtunnekcHoin PCR-aHanns B uenax npgeHtumkauyum n gnddepen-
unpoBaHua mnsonatoB Kamnunobakrtep ewoHun (Campylobacter jejuni) w
Kamnuno6akrtep konu (Campylobacter coli)

Mapus P. Masnoea’, Enuna I lo6peBsa’, Katywa W. MBaHoBa', FfanuHa [. Acesa’, saH H.
MeaHoB', MNeTap K. Netpos’, Banepwu P. Benes?, MsenuHa U. Tomosa?, Mainga M. Tuxonosa?,

Topop B. Kantapaxues'
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KnioueBble cnoBa: MynbTunieKkc
aHanu3sa PSR, Campylobacter SPP.

O6pasey uuTupoBaHus: [Nasno-
Ba MP, lo6pesga ET, MiBaHoBa KU,
Acesa ', MBaHoB /H, MeTpos MK,
Benes BP, TomoBa W, Tnxonosa
MM, KaHTapgxunes TB. Mynbtn-
nnekc PCR gna ngeHtndurkauum n
anddeperuymaunn Campylobacter
jejunin Campylobacter coli nzo-
NATOB.

Folia Meguka 2016; 58 (2); 95-100,
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BBepeHmne: Campylobacter spp. ABnAOTCA BaXHbIM BO36yauTENem Xenypnou-
HO-KULWeYHbIX nHbeKUniA y niogein. Yalle BCero U3onmpoBaHHble LITaMMbl JaH-
Horo BMAa 6akTepuin BkatovaloT Campylobacter jejuni n Campylobacter coli. Ha
CErofHAWHUN AeHb B bonrapum He NCNonb3yloTCA reHeTUYeCKne MeTolbl NAEeH-
TMPnKauum 6akteprini. Mbl oCyLLeCcTBUAN ONTUMIK3ALMIO MyfbTUNeKcHoro PCR-
aHanu3a, HanpaeneHHoOro Ha uaeHTudmrkaumo Campylobacter spp. u guddeper-
umpoBsaHme C. jejuni ot C. coli B KNMHUYeCKnx n3onatax. Kpome Toro, Hamu 6b110
NpoBefeHO CpaBHeHVEe AaHHOIro MeToAa C UCMOMNb3yeMbIMU 0ObIYHO BrOXUMKYe-
CKMW MeToZamMMU.

Lenb: MpeHtndurkauma Campylobacter spp. u guddepeHunposarue C. coli ot C.
jejuni B KNMHNYECKMX M30NATax C MOMOLLbIo MynibTunnekcHoro ML P-aHanusa.

Matepuanbl u metogbl: B neprog spemenn ¢ pepana 2014 r. no AHBapb 2015
r. HaMK 6bIIO NpoBefleHO MccnefoBaHve 93 NPob KANMHWYECKOro maTepuana,
B3ATOrO Y NMayMeHTOB C CUHAPOMOM Amapeu, 1 BblBieHO 40 pa3HOBUOHOCTEN
Campylobacter spp. KnuHnuecknin matepman 6bin MHKYOMpPOBaH B MUKPOA3po-
dunbHom atMocdepe, Npu 3ToM BbiNo ocyLecTBNEHO Broxmmmnyeckoe anddeper-
LMpOBaHMe N30IMPOBaHHbIX LITAMMOB (TMAPONM3 rMnnypaTa HaTpUA Ha Hanuyre
C. jejuni n rugponun3 nHpokcun aletarta Ha Hanuyue C. coli). B wutammax 6b110 130-
nuposaHo [HK c nomolybto Habopa QiaAmp MiniKit (QIAGEN, lepmanus). C nomo-
wbto mynbTunnekcHoro MNLP-aHann3a 6bino npoTtecTMpoBaHo ABajLaTh WTaMMOB
Ha Hanunuue cnepytowmx Buaos: cadF, xapakTepHbin npu Hannuun Campylobacter
spp., hipO - npu C. jejuni n asp — npu C. coli.

Pesynbratbl 1 ob6cyxpaeHue: [py npoefeHnr OUOXMMUYECKNX TeCTOB Oblno
nagentnduumnposaHo 16 wrammos C. jejuni, 3 wtamma C. coli u 1 wramm C.
upsaliensis. MNocne nposegeHusa mynbtynnekcHoro lMLP-aHann3a kanunnapHo-
ro renb-anektTpodpopesa 6bi10 NogTBEPXAeHO Hannumne 16 wrammos C. jejuni, 2
wrammos C. coli n 2 wrammos Campylobacter spp. - BBugy Hannuusa reHa cadF.
C. jejuni copepxuT reH hipO 1 cyllecTByeT BEPOATHOCTb TOMO, YTO AAaHHbIN FeH He
aKcnpeccupyeT npu Groxmmmyeckom anddepeHLMpPoBaHY, B pe3yfbraTe Yero
MOXeT ObITb Bbl3BaHa HeraTMBHaA peakuus. [InA cpaBHeEHMA MOXHO cfenaTb 3a-
KJtoueHue, uTo reHeTnYeckoe anddepeHLMpoBaHne ABNAeTcA bonee TOYHbIM Me-
TOLOM, YeM OMOXUMUYECKE TEeCTbl.

3aknioueHune: MynstunnekcHblii MNUP-aHann3 npepctaBnset coboi GbICTPbIA U
TOuHbI MeTog naeHTndnkaunm Campylobacter spp., Uto Aenaet ero 4OCTaTOUHO
Heob6XOAUMbIM B KIIMHNYECKOWN ANAarHOCTMYECKON NpaKTMKe.
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