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Introduction

Campylobacters are microaerophilic spiral Gram-negative bacteria. They are motile and
possessing a single flagellum at one or both poles and they are non-sporeformer. Among more than
17 species currently recognized in the genus Campylobacter, C. jejuni and C. coli can infect poultry,
livestock and pets and these animals are source of human infection. Most infections are believed to
result from the ingestion of contaminated food such as undercooked meats, contaminated water, or
raw milk. Furthermore, C. jejuni and C. coli infections are considered to be the leading causes of
human gastroenteritis in the developed countries particularly in Japan.

The accurate identification of C. jejuni and C. coli is needed for the identification of their
diseases spectrum, tracing their source of infection as well as their route of transmission. However,
conventional identification methods for Campylobacter species are tedious and time-consuming,
because these organisms are slow growing, biochemically less reactive and require microaerobic
conditions. In particular, it is often difficult to differentiate C. jejuni from C. coli by biochemical

methods and 16S rRNA gene sequence because of the extensive similarity between these two



species. Hippuricase activity is the only key marker for the differentiation of C. jejuni however,
this activity is sometimes very weak in C. jejuni and hippuricase-negative strains of this species
are also well recognized. Therefore, detection of hippuricase (hipO) gene by PCR is more reliable
than biochemical test for the differentiation of C. jejuni from C. coli. However, deletion and
mutation of the primer binding sites in AipO gene resulting in no amplification by PCR has been
also noticed. In addition, several PCR-based assays targeting 16S or 23S rRNA gene or
species-specific genes have been developed to facilitate the differentiation of C. jejuni from C. coll,
however, the ability of these assays for exact identification of Campylobacter species has not yet
been established.

Cytolethal distending toxin (CDT), which is one of the well-characterized virulence factors
in Campylobacter spp., is encoded by three linked genes termed cdtA, cdtB and cdtC. The cdt gene
clusters in C. jejuni, C. coli and C. fetus were demonstrated to be ubiquitously distributed in each
species in a species-specific manner. Recently, a cytolethal distending toxin (cdf gene-based
species specific multiplex PCR assay has been developed for the detection and identification of C.
Jejuni, C. coli and C. fetus. However, among the cdtA/B/C gene-based multiplex PCR, which one is
the best for the monitoring of clinical samples is also a matter of great concern.

Campylobacter infections pose a serious public health problem for which many countries
are monitoring their infection and antimicrobial resistance patterns. There are some reports about
increasing trend in antimicrobials resistance particularly to quinolones in Campylobacter in many
parts of the world. The emergence of quinolone resistance is mediated by several mechanisms.
Resistance to fluoroquinolones typically arises as a result of alterations in the target enzymes
(DNA gyrase and topoisomerase IV) and its decreased accumulation inside the bacteria due to an
over expression of efflux pump systems. Both of these mechanisms are chromosomally mediated.

Considering the potential threat of Campylobacter infections associated with their risks of
antimicrobial resistance in Japan, this study was designed for the Campylobacter strains isolated
from diarrheal patients in Japan to achieve the following objectives: (1) evaluation of a cdt
gene-based species-specific multiplex PCR assay, (2) comparison of other molecular methods and

(3) genotypic characterization of C. jejuni and C. coli strains resistant to fluoroquinolone.

Chapter 1: Evaluation of a cdt gene-based species-specific multiplex PCR assay for the
identification of Campylobacter strains isolated from diarrheal patients in Japan

A total of 325 Campylobacter strains isolated from stool specimens of patients with
diarrhea who visited the Tokyo Women’s Medical University Hospital, Japan during the period
between 1997 and 2005, were used in this study. These strains were identified as Campylobacter
spp., C. jejuni or C. coli by culture methods, microscopy and biochemical tests (catalase, oxidase
and hippuricase activity) at the Tokyo Women’s Medical University Hospital. In this study,
bacteria were grown on blood base agar at 37°C for 48 h under microaerobic conditions and DNA
templates were prepared by boiling method. DNA templates were used for ArpO gene PCR, 16S
rRNA gene sequence and cdtA/B/C gene-based multiplex PCR. A total of 314 strains were
identified as C. jejuni by hipO gene PCR and 11 strains were negative by the same PCR. These 11



strains were subjected to 16S rRNA gene sequencing (1,335 bp) followed by homology search using
BLAST program and all were identified as C. jejuni/ C. coli. Later, all the (n=325) strains were
subjected to cdtA/B/C gene- based multiplex PCR for further identification and all the strains were
identified as it were by combined methods of AipO and 16S rRNA gene-based identification except
5, 4, and 1 strains that were negative by cdtA, cdtB and cdtC gene-based multiplex PCR,
respectively. In order to elucidate the reasons for getting these negative results, amplification
using common primers, sequencing and sequence data analyses of the cdt gene clusters of these
strains were carried out. Clustal V alignment of the sequences from test strains with the published
cdt genes sequence of C. jejuni 81-176 (Acc. No. U51121) revealed 667-bp deletion between cdtA
and cdtB plus additional 51-bp deletion within the cdtB genes in 4 C. jejuni strains, consistent
with the shorter PCR amplicon size than expected size. Furthermore, two strains comprising C.
jejuni and C. coli that did not yield specific PCR products contained mutations in the primer
binding sites of cdfA and cdtC genes, respectively. These data indicate that cdtC gene-based
multiplex PCR is more accurate and reliable than cdtA or cdtB gene-based multiplex PCR to
identify the species of Campylobacter strains such as C. jejuni and C. colL

In order to investigate the genetic diversity of randomly selected 50 C. jejuni and 11 C. coli
strains, pulsed-field gel electrophoresis (PFGE) was employed. C. jejuni (n=50) and C. coli (n=11)
strains were classified into 42 pulsotypes and 4 subtypes, and 8 pulsotypes, respectively. These
data indicate that the C. jejuni and C. coli strains used in this study were genetically diverse.
Interestingly, the 4 C. jejuni strains that carried deletion between cdtA and cdtB as well as in cdtB
gene, 2 of them were clonal even isolated at different time point. These data demonstrate that such
type of C. jejuni strains having deletions in cdt gene clusters might be spread from the common or

different sources.

Chapter 2: Comparison of other molecular methods for the species identification of
Campylobacter strains

To compare the sensitivity and specificity of the cdt gene-based multiplex PCR with those
of other PCR-based species identification methods, the applicability of different published PCR
assays targeting different genes such as 23S rRNA, ceukF, hipO, ask, IpxA and mapA were further
tested with 58 C. jejuni of clinical origin, 31 C. coli of different origins (clinical and environment)
and 14 reference strains (3 C. jejuni, 2 C. coli, 2 C. fetus and 5 other Campylobacters and 2
Arcobacter spp.). When C. jejuni specific 23S rRNA gene-based PCR was used out of 58 C. jejuni,
31 C. coli and 14 reference strains, 56 C. jejuni, 1 C. coli and 3 C. jejuni reference strains gave
specific amplification, respectively, although size of the amplified fragments was variable (590 bp,
640 bp and 740 bp) and different from the previously described. On the other hand, when C. coli
specific 23S rRNA gene-based PCR was used out of 58 C. jejuni, 31 C. coli and 14 reference strains,
2 C. jejuni, 31 C. coli and 3 reference strains (2 C. coli and 1 C. lar1) gave specific amplification,
respectively. When C. jejuni specific ceuF gene-based PCR was applied to the same set of the
strains, 51 C. jejuni and 1 C. jejuni reference strains gave specific amplification, respectively. On

the other hand, when C. coli specific ceuFE gene-based PCR was applied to the same set of the



strains, 30 C. coli and 2 C. coli reference strains gave specific amplification, respectively. When C.
Jejuni specific IpxA gene-based PCR was applied, 58 C. jejuni, 3 C. coli and 3 C. jejuni reference
strains gave specific amplification, respectively. On the other hand, when C. coli specific IpxA
gene-based PCR was applied, 4 C. jejuni, 31 C. coli and 2 C. coli reference strains gave specific
amplification, respectively. When mapA gene-based PCR was used, 55 C. jejuni, 3 C. coli and 4
reference strains (3 C. jejuniand 1 C. coli) gave specific amplification, respectively. However, all C.
Jejuni and C. coli strains used in this study were accurately identified by combination of AipO and
ask gene-based PCR.

In order to verify the failure of the species identification by 23S rRNA, ceuk, IpxA and
mapA gene-based PCR, new primers covering the flanking regions of these genes were designed for
checking the nucleotide sequences of primer binding sites of PCR negative strains. A few C.
Jejuni strains negative by C. jejuni specific ceuF gene-based PCR and 1 C. coli strains negative by
C. coli specific ceuE gene-based PCR were amplified and sequenced by using newly designed
primers. These strains were found to have mutations in both primers binding sites. On the other
hand, 3 C. coli strains positive (faint band) by C. jejuni specific IpxA gene-based PCR and 4 C.
Jjejuni strains positive (faint band) by C. coli specific IpxA gene-based PCR were amplified and
sequenced by using newly designed primers. These strains were found to have a few mutations in
the forward primer-binding site but there were no mutations in the reverse primer-binding site.
However, a few C. jejuni strains negative by 23S rRNA gene-based PCR didn’t give any specific
amplification by newly designed primers as well. In addition, a few C. jejuni strains negative by
mapA gene-based PCR, 3 C. coli and 1 C. coli reference strains positive by mapA gene-based PCR
also didn’t give any specific amplification by newly designed primers. As several investigators
already reported the less sensitivity of ArpO gene-based PCR and there is no evidence yet for the
simultaneous occurrence of deletions or mutations in the cdtA, cdtB and cdtC genes of the same
Campylobacter strain, combination of cdt¢C and cdtB or cdtA gene-based multiplex PCR might be

one of the best option for the accurate identification of C. jejuni, C. coli and C. fetus.

Chapter 3: Antimicrobial resistance profiles and genotypic characterization of
fluoroquinolone resistance in C. jejuni and C. coli strains isolated from diarrheal
patients in Japan
Since the antimicrobial resistant Campylobacter strains have been increasing worldwide,
analysis of antimicrobial resistance profile was carried out with the 325 Campylobacter strains
including 314 C. jejuni and 11 C. coli by disk diffusion method. Although fluoroquinolones and
macrolides are the antimicrobial agents of choice when therapeutic intervention is warranted and
tetracyclines have been suggested as an alternative choice in the treatment of clinical
campylobacteriosis, a series of antimicrobial agents such as ampicillin, tetracycline, azithromyecin,
erythromycin, chloramphenicol, gentamicin, nalidixic acid, ciprofloxacin, levofloxacin, ofloxacin,
fosfomycin and sulphamethoxazole-trimethoprim were used in this study. Tetracycline and
fluoroquinolone resistances were observed in both C. jejuni (29 and 24%, respectively) and C. coli

(36 and 36%, respectively) strains analyzed in this study. On the other hand, most of the C. jejuni



and C. coli strains analyzed in this study were susceptible to macrolides, gentamicin and
chloramphenicol. These data suggest that macrolides could be used as first choice of the drug for
the treatment of campylobacteriosis in Japan. However, multidrug resistance (when considered
resistance to 3 or more agents) was found in 28 and 46% of C. jejuni and C. coli strains,
respectively. These data suggest that the prevalence of multidrug resistance may be higher in C.
coll in comparison to C. jejuni strains in Japan.

In order to analyze genetic background of fluoroquinolone resistant C. jejuni and C. coli
strains, PCR amplifications of gyrA and parC genes were performed. However, there was no strain
positive for parCgene in this study. On the other hand, the gyrA genes in 75 C. jejuni and 4 C. coli
strains were sequenced to investigate whether there was any mutation. A total of 73 out of 75 C.
Jjejuni strains which were resistant to CIP (MIC, 8-64 ug/ml) had the T to I substitution at codon 86
in GyrA that is considered to be the main contributing factor for fluoroquinolone resistance in
Campylobacter spp. The additional mutations were observed at codons 203 (N203S), 203 (N203S)
and 206 (A206V), 149 (V149]I) and 203 (N203S), and 90 (D90ON) and 203 (N203S) in 23, 11, 5, and 1
strains, respectively. On the other hand, no point and silent mutations were found in 1 strain
(K278) although this strain was phenotypically resistant and only silent mutations were noticed in
1 strain (K170). Furthermore, in case of C. coli, a total of 4 strains, which were resistant to CIP
(MIC, 16-64 pg/ml), had the T to I substitution at codon 86 in GyrA. These data suggest that the
amino acid substitution at codon 86 (T86I) in the quinolone resistance determining region (QRDR)
of GyrA may play a major role in the acquisition of resistance to fluoroquinolone in the C. jejuni
and C. coli strains tested.

To elucidate the role of efflux pump in the acquisition of resistance to fluoroquinolone in
the C. jejuni and C. coli strains, PCR amplifications of cmeR genes in 75 C. jejuni and 4 C. coli
strains were performed. One strain (K170; MIC:16 pg/ml) having silent mutations in the gyr4
sequence displayed mutations in the HTH DNA binding motif of CmeR as well as in the promoter
region of CmeABC efflux pump. Another strain (K278; MIC: 8 pg/ml) having no mutations in the
gyrA sequence displayed mutations in the CmeR as well as in the inverted repeat of the promoter
region of CmeABC efflux pump. Overall, there were no mutations in the CmeR and promoter
region of CmeABC efflux pump in the 17 fluoroquinolone resistant C. jejuni strains and in the
remaining 60 fluoroquinolone resistant Campylobacter strains, there were mutations either in
CmeR or in promoter region of CmeABC efflux pump or in both regions. These observations
suggest that generally low level of fluoroquinolone resistance occurred due to point mutations of
the gyrA gene but high level of fluoroquinolone resistance might be occurred due to point
mutations in the gyrA gene as well as mutations in the CmeR and promoter region of CmeABC
efflux pump. Furthermore, PFGE analysis of 45 fluoroquinolone resistant C. jejuni strains
revealed 32 pulsotypes and 3 subtypes, indicating that these fluoroquinolone resistant C. jejuni
strains were genetically diverse. However, a few fluoroquinolone resistant C. jejuni strains were
clonal and this was the indication of spreading of a few fluoroquinolone resistant C. jejuni strains

from the common sources.



Conclusions

1. cdtC gene-based multiplex PCR appears to be the most useful for the simple and rapid
identification of C. jejuni and C. colli.

2. Among several PCR-based species identification methods of C. jejuni and C. coli, hipO and ask
gene-based method appeared to be the best.

3. But combination of ¢dtC and cdtB or cdtA gene-based multiplex PCR may be more accurate
and might be best for the accurate identification of C. jejuniand C. colL.

4. Emergence of resistance of C. jejuni and C. coli to a variety of antimicrobials especially
tetracycline and fluoroquinolones among the diarrheal patients in Japan.

5. Generally low level of fluoroquinolone resistance occurs due to point and silent mutations of
the gyrA gene only but high level of fluoroquinolone resistance may occur due to point
mutations in the gyrA gene as well as mutations in the CmeR and promoter region of
CmeABC.

FREROEF

Campylobacter JEAIF X, FDBEIZB W THRGMEEL> TWHIEFHEFRKE DO —>Thd, BT
Campylobacter JEFNE L., D 7a<Eb 17T HREMOILTWAN, B R IKE I ES IV, FFIZEERD
3 C. jejuni & C. coli D2EFETHD, FRZEBDOGEWNIZEIET S C. jejuni <° C. coli TIHYLT-%A
IR RE TR THILICEY, BFFLSIESEITEEIOLN TN\, C. jejuni IEARIERRERE
ETHAX TN —EBEREDORIK LR AZE C jejunik C. coli ZHERIL THRETAZLITEHETH
%, C. jejuni=<° C. coli 1% (1) F5aF MR THY B 1T BRI E BT, (2) BFE N EL, (3)
AP AN ES L TR ERRE NS S TRUNVRE DRI ND | AR O 5B - [ E 121X R 2 2
T 57T Tl BARERCFE TERWREDEERMENH D, ZNOEART D7D, C. Jjejuni X C.
coli DR FI72BE 1% PCR TR 95281080, ZO 2@ AN T 5 HIENSEBIRIN TND,
LINLZR DD, EOFIER IOV TI T RETEIL TV, —F | ZEREFEBG ST 560
FERO RGOSR, —a—F /a0~ raT AR eE LS AMMERE O MBS E RS TR E
RS CNVD, Tz BEDLBESIND C. jejuni<° C. coli DIEANEZ AR T HZ LT E
ECThHD,

AWFFETIE, Fex OWFFET —7"5BEIC B LS L7 MR b BOE 3R (cdt) BinF2 BT 5
PCR JEIZDOUNT 325 BROEGIR y Bk A T 208 AMEORHEEIT, I5I12% Ofthod # Fifs i
BIR AT 5 PCRIEEHIRUTZ, S6IZ, DE O FRUEBFNOBESIIZ C. jejuni R° C. coli
(DWW TERANESZ M SV TR-T LT, LA R I 2 NS0 4E RO TH D,

F1ETIL, BEO/NR FREBRENOSEESIL. Campylobacter BiRAIE L L CRIESNI-ERIZD
VT, 16S rRNA TG T DOfRNT & IR IR K R SR (hipO) 15 1- DA AT, Ao ek En
WZHIEL 314 #k% C. Jjejuni, 11 %% C. coli LIRIE LT, FTGDIVRERIZ, cdtA, cdtB e Y cdtC



gene—based Multiplex PCR{ETIEONZfE L —E L7z, L72L72035, cdf gene—based Multiplex PCR 7
T PCR BEEMZEAFOINIRD S TR D EGRD BV, DD cdt G T DIRNTIND , 7T A ~—FE A EBAL
DERL cdt BIGFO—HHRRELTOLIENRKR THLZ LR DD o7, LLEOFERIY ., cdtC #Bin
F-& cdtABINT cdtBBIG T ZIERIE LT PCRIEZMAGDOEDLIENRE THHIEE /R LI,

H2EETIE., BEICH SN TN C. jejuni & C. coli DFEEZ R T&5 PCRIEANG., C. jejuni %4 1
AU T& 5 23S rRNA, ceul, IpxA, hipO, mapA PCR AN, C. coli R BEHN TR TX 5 23S
rRNA. ceufs, IpxA. ask PCR & cdt gene—based multiplex PCR {EIZDUNT 61 KD C. jejuni, 33 kD C.
coli, FNLISD Campylobacter & H 7 ¥kE Arochacter JEH 2 #k%& & Te 103 #Z2 AW CEHMiLT=, D
FES, hipO & ask 1%, C. jejuni & C. coli % 100%DFe F&AHE S OVEREE TR CTE 703, ZDfthod PCR A1
FEELVE LR I RED -T2, hipO & ask ZFERIE LT PCRIBIZMEBNATHOMENHY | cdt Bin1-EHE
fJ&EL72 PCR ¥EIX—E D PCR T C. jejuni & C. coli BRI T 22N TE, cdt Bin T EHEHELT- PCR
EOTT NIV ERN THDLZEER LT,

H3FETIL, LOE D FRUERENSEESIIZ 314 BRD C. jejuni & 14 ¥RD C. coli DA F 325 ¥RIC
OWCHANEZ AT, TORER., C. jejuni e X C. colilz==a—3 /0 T "7 A7V A% L
TR 30%AT TR DMHEZRE—HO B TEVWMICEZ /R LTz, — ., ~7aZARIZx LT C. jejuni, C. coli
HITIFEAEDFESZETHY, ~ 70T A RNERICHNWDHE — 8RR D LA BN, Fo, =
2—F AT DIHEIC DV TRAE L~V TR LTS R gvrA BAG 1 D28 B el 3R ABEH
R 7 ha—R LB G 707 nE—2— s 2 DO G AL QWD s DR R 5 LT
WD RIREHEE R LT,

PLEDFERIE, cdt gene—based Multiplex PCR £, FFZ cdtCiBIn T ERERIELT= PCR {EAML O i fE
R PCRIEEHE A, C. Jojuni R0 C. coli DAL E, HuE | IEMEICFE - BRI T&HZE, KD
METHEESITZ C. Jejuni=e C. coliiIN==—F /0 2T N A 7V ANZHHREEDE S TlEL LT
WHMN, 7T ARIZEL U EA EDORENEZ M THAZEE R LT, ZNHDRRIL. C jejuni=e C.
coli IZE DB HDOHIENE 5T 5L L0, ME FIB L OEGLHIE FIZZ R H A 5252 bid,
1o T, EeHEFRBROAE R LT 1l (BRIES) OFNL a2 5328400 Y L7805,



