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A retrospective study of the epidemiology of Clostridium difficile
infection at a University Hospital in Japan: genotypic features
of the isolates and clinical characteristics of the patients

Yasuhito Iwashima - Atsushi Nakamura -
Haru Kato - Hideaki Kato + Yukio Wakimoto *
Naoki Wakiyama - Chiharu Kaji - Ryuze Ueda

Received: 20 October 2009 / Accepted: 24 March 2010

© Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases 2010

Abstract Clostridium difficile is a major cause of antibi-
otic-associated diarrhea and frequently results in healthcare-
associated infections. The epidemiology of C. difficile
infection (CDI), including the prevalent polymerase chain
reaction (PCR) ribotypes and the clinical characteristics of
the patients, is not well known in Japan, compared to the
situation in the United States and Europe. We performed
PCR ribotyping of C. difficile isolates from 71 consecutive
patients with CDI at a University Hospital over a 3-year
period and investigated the clinical features of those patients.
CDI was diagnosed when a patient with diarrhea or colitis
was found to have toxin B-positive C. difficile with no other
enteropathogenic microorganisms. Toxin A-positive, toxin
B-positive, binary toxin-positive (A*B*CDT™) strains;
toxin A-positive, toxin B-positive, binary toxin-negative
(A*BTCDT") strains; and toxin A-negative, toxin B-posi-
tive, binary toxin-negative (A"B*CDT™) strains were iso-
lated from 4, 58, and 9 patients, respectively, indicating that
infections with binary toxin-positive strains were uncommon
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(5.6%). PCR ribotyping of the isolates demonstrated that
among the 71 strains, 20 different PCR ribotypes were
identified and that types smz, yok, and hr were predominant
(19, 14, and 13 isolates, respectively), all of which were
ATB*CDT™. No specific time periods or wards were found
to be associated with the three types; PCR ribotyping anal-
ysis clearly showed that the three types spread almost evenly
in all wards for the 3 years studied. Comparative analysis of
the clinical characteristics of patients harboring the three
C. difficile types indicated that the duration of CDI was
longer in the yok group than in the hr group. PCR ribotyping,

~ which is easy to perform, appears to give us useful infor-

mation to trace CDI cases in clinical settings. Further, the
analysis of a large number of CDI cases may allow evalua-
tion of the possible relationship between specific C. difficile
types and the clinical features of patients.

Keywords Clostridium difficile - PCR ribotyping -
Binary toxin

Introduction

Clostridium difficile is a major cause of antibiotic-associ-
ated diarrhea (AAD) and colitis, and the clinical charac-
teristics of C. difficile infection (CDI) range from mild
diarrhea to severe diseases including pseudomembranous
colitis and toxic megacolon. C. difficile is involved in
15-25% of AAD and 100% of pseudomembranous colitis
cases [l, 2]., Typing technology has been employed to
investigate the prevalence of particular types of C. difficile
and the relationship between types and enteropathogenici-
ty. Binary toxin-producing strains including the PCR
ribotype 027 (BI/NAP1/027) and 078 strains have been
reported to cause outbreaks and severe CDI [3-7]. In
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Japan, the PCR ribotype smz has been documented to cause
healthcare associated infections in several hospitals [8, 9].
Furthermore, the emergence of CDI caused by A”B*
strains has been reported [10-12]. Because the epidemi-
ology of CDI is known to vary from region to region, it is
crucial to appreciate the incidence of CDI in an individual
region or healthcare institute. The aims of this study were
to investigate the prevalent PCR ribotype(s) in our hospital
and to examine the clinical characteristics .of patients
infected with each type.

Subjects and methods

The subjects were patients whose stools were found to be
positive for C. difficile culture, between April 2005 and
March 2008, at Nagoya City University Hospital, which is
a teaching hospital with 800 beds spread across 24 wards.
CDI was diagnosed if a patient showing the symptoms of
diarrhea or colitis was found to have toxin B-positive
C. difficile with no other enteropathogenic microorganisms.
The clinical characteristics, outcomes, and clinical labo-
ratory data of the patients, and the details of the antimi-
crobial agents administered were retrospectively examined.

Stool specimens were treated with alcohol for spore
selection, before being cultured anaerobically on cycloser-
ine—cefoxitin—mannitol agar (Nissui Pharmaceutical,
Tokyo, Japan) for 48 h. The identification of C. difficile was
carried out as described previously [13]. The toxin produc-
ibility of C. difficile isolates was determined by a PCR
technique as follows: if the repeating sequences of the toxin
A gene were 1,266 bp in size, it was determined that toxin A
was produced [13, 14]; if the nonrepeating sequences of the
toxin B gene with the expected size (204 bp) were detected,
it was determined that toxin B was generated [13, 14]; and if
PCR yielded part of the gene encoding component B
(510 bp), it was determined that binary toxin was produced
[15]. PCR ribotyping of the isolates was performed accord-
ing to the method of Stubbs et al. [16].

Recurrence of CDI was defined as the patient suffering
from CDI again within 2 months after recovery from the
previous CDI episode.

The y° test and Fisher’s exact test were used for com-
parison of categorical data. Differences in continuous
variables were tested using the Kruskal-Wallis test and
Mann-Whitney U-test with Bonferroni correction. A
P value of <0.05 was considered statistically significant.

Results

During the 3 years of the study, the stool specimens of 610
patients were submitted to a C. difficile culture test, and
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C. difficile was isolated from 106 patients. Of these 106
patients, 35 were excluded from further studies because 21
were determined to be asymptomatic carriers of the
organism, based on their clinical characteristics, and 14 had
only nontoxigenic strains. Thus, 71 patients were subjected
to further evaluation; 70 were inpatients and 1 was an
outpatient. Although 9 of the 71 patients developed
recurrence of CDI, their clinical characteristics in the first
episode were adopted for the analysis (Table I).

As a result of the toxigenic analysis of 71 isolates from
the 71 patients, toxin A-positive, toxin B-positive, binary
toxin-positive (ATBTCDT™) isolates; toxin A-positive,
toxin B-positive, binary toxin-negative (A*B*CDT") iso-
lates; and toxin A-negative, toxin B-positive, binary toxin-
negative (A"BTCDT") isolates were recovered from 4, 58,
and 9 patients, respectively. None of the four patients with
the AYBTCDT™ strains had severe CDL

The results of PCR ribotyping of the 71 isolates were as
follows: of the 4 ATBTCDT™ isolates, 2, 1, and 1 were
PCR ribotypes j52, nc07109, and km0403, respectively; of
the 58 ATBTCDT™ isolates, 19, 14, and 13 were PCR
ribotypes smz, yok, and hr, respectively, and each of the
remaining 12 A*B*CDT™ isolates were identified as dif-
ferent PCR ribotypes; and of the 9 ATBTCDT" isolates, 6,
2, and 1 were PCR ribotypes trf, fr, and sgf, respectively.
An epidemiological study of the 46 patients harboring the 3
predominant PCR ribotypes (smz, yok, and hr) isolates
with A*BTCDT™ showed that patients with C. difficile
isolates of these 3 PCR ribotypes were hospitalized in 18
wards. Only one PCR ribotype was found in eight wards,
while two PCR ribotypes and three PCR ribotypes were
detected in eight and two wards, respectively. There was
more than one patient infected with the same PCR ribotype
isolate in a few wards (smz isolates in 4 wards, yok isolates
in 2 wards, and hr isolates in 2 wards). There were two
wards where two patients were infected with the smz iso-
late at the same time. Similarly, two patients were infected
with the yok isolate in two wards at the same time.
Regarding the hr isolate, two patients were infected in one
ward at the same time.

The prevalence of all PCR ribotype isolates detected
between April 2005 and March 2008 in our hospital is
illustrated in Fig. 1. In the 3 years examined, the number of
CDI cases was less than five per month, and none of wards
or departments were associated with a particular incidence
of CDI. Thus, all CDIs were considered to be sporadic.
Further, none of the PCR ribotypes were predominant with
a significant number occurring at a particular time period.

Table 1 presents the clinical characteristics of all 71
patients with CDI and the 58 patients infected with
ATB*CDT™ CDI strains. There were no significant dif-
ferences in the number of antimicrobials administered, the
duration of administration before the onset of CDI, clinical
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Fig. 1 Numbers of patients with Clostridium difficile infection and
the distribution of polymerase chain reaction (PCR) ribotypes, with
numbers of cases shown in parentheses: PCR ribotypes smz (19), yok
(14), hr (13), and others; others includes PCR ribotype fr (2), gc0578

laboratory data, or clinical symptoms between the three
PCR ribotype groups (smz, yok, and hr groups). However,
the duration of CDI was longer in the yok group than in the
hr group (p < 0.05). The number of patients in the smz
group treated with vancomycin was higher than that in the
hr group (p <0.05). Five patients in the smz group
developed CDI recurrence; four of these five patients
developed CDI in spite of the absence of antimicrobial
readministration after the first episode of CDI. In the yok
group, two patients developed CDI recurrence; one did so
after reexposure to an antimicrobial, and the other did so
during the administration of an anticancer drug. In the hr
group, only one patient suffered CDI recurrence, after the
readministration of an antimicrobial.

Discussion

Toxigenic C. difficile strains produce toxin A, toxin B, and/
or binary toxin. Toxin A"B™ strains can cause gastroin-
testinal infection, leading to outbreaks of severe CDI, such
as those caused by toxin A¥B™ strains [10-12]. It was
reported that there were no significant differences in the
clinical characteristics of patients infected with A*B* C.
difficile and those infected with A"B* C. difficile [10].
That study also demonstrated that there were no significant
differences in clinical symptoms or laboratory data
between patients with A*B™CDT~ CDI and those with
A”B*CDT™ CDI [10]. In the present study, A"B™ strains
were isolated from 12.7% (9 cases) of patients with CDI.

@ Springer

(1), j52 (2), km0403 (1), nc0803 (2), nc0910 (1), nc0915 (1), nc0923
(1), nc0930 (1), nc0934 (1), nc0938 (1), nc07109 (1), ncO 08162 (1),
nc08176 (1), 0g39 (1), sgf (1), and trf (6)

However, nosocomial spread can easily change the inci-
dence rates of A”B™ strains. In fact, nosocomial spread of
these strains cannot be ruled out in the present study also,
because six strains were the same PCR ribotype. A similar
situation seemed to exist in the previous study [10].

Binary toxin-positive strains have been isolated from 6
to 11% of patients with CDI [15, 17-19]. In Europe and
North America, where PCR ribotype 027 (BI/NAP1/027) is
endemic, the incidence of CDI with binary toxin-positive
C. difficile appears to be increasing [6], whereas the inci-
dence of CDI with a binary toxin-positive strain has not
been so high in Japan [17]. The incidence of CDIs with
bihary toxin-positive strains was 5.6% in the present study.
In the present investigation, four AYB*CDT* C. difficile
strains were isolated from patients with nonsevere CDIL
This result may have been due to the fact that PCR ribo-
types 027 and 078, which are hypervirulent strains, were
not isolated from patients in this study. Further studies are
necessary to investigate the pathogenicity of binary toxin-
positive C. difficile including ribotypes 027 and 078.

Molecular biological typing techniques have been uti-
lized for epidemiological studies as well as for investiga-
tions of the relationship between the molecular type of
specific strains and their pathogenicity.

The PCR ribotyping analysis of the 71 C. difficile strains
in the present study revealed that no specific PCR ribotype
was spreading, but that three dominant types, smz, yok, and
hr, were almost constantly predominant in the wards of our
hospital over the 3-year period. The changing predomi-
nance of specific C. difficile types over time has been
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reported in hospitals [9, 20]. Thus, it is interesting that
there was no persistent changing of predominant types with
time over the 3-year period in our hospital.

C. difficile strains of PCR ribotype smz have been
reported to be highly prevalent in hospitals in Japan, with
occasional outbreaks [8, 9]. However, the incidence of this
type, smz, in countries other than Japan remains unknown.

PCR ribotype hr is equivalent to PCR ribotype 014
reported by Stubbs et al. [16], which is the dominant PCR
ribotype in France, Hungary, The Netherlands, Switzerland,
and the United Kingdom [21]. PCR ribotype yok is equiv-
alent to PCR ribotype 002 reported by Stubbs et al. [16] and
is highly prevalent in France, Italy, and Switzerland [21].
The incidence of PCR ribotypes hr and yok in our hospital
was similar to that in those countries. Because there have
been no reports regarding the specific clinical characteristics
associated with an individual PCR ribotype, we attempted to
elucidate this issue. We found that PCR ribotypes smz, yok,
and hr did not show any clinical characteristics specific to
each type. However, the durations of CDI varied between
the PCR ribotype yok and the PCR ribotype hr. This result
suggests that if a large scale study is conducted, differences
in clinical characteristics may be found between individual
PCR ribotypes. Future study of this issue will surely be
worth conducting.

Furthermore, the present study proved that PCR ribo-
typing analysis was useful for evaluating the spread of
particular C. difficile strains among wards and for widely
implementing infection control in the whole hospital.

So far, few epidemiological studies of CDI have been
reported in Japan. In North America and Europe, the
dominant PCR ribotype has changed to type 027, and a
similar change could occur in Japan in the future. PCR
ribotyping is an easy-to-use analytical tool. Thus, we
believe that the monitoring of predominant C. difficile
strains using PCR ribotyping is valuable for conducting
appropriate CDI control in hospitals.
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&b B, K—FvF, T4NVT ¥ F, AZX, &E
Tk, BEHROVEDERESNT LS,
027 gc8 A*B*CDT* I 2000 FELARE W, CDIEGFI O E & bz, bk
=0y NOWL DLrDETHEERE LS.
078 078 A+*B*CDT+ \% Pk, V¥R TILEDEMEI DSBS N IEKE
LTHEISRTWiDS, TE, E hpo DS EEEE L
TEHZEN TS,

A*B*CDT- : toxin A M, toxin B M, binary toxin &1,
A-B*CDT- : toxin A &%, toxin B &, binary toxin &,
A*B*CDT* : toxin A [, toxin B B, binary toxin 1.

ERPRBERI R > TR O BB, b
DEATIPEERY A TNBEFENY 7+ LIS
B, Ky 4 FREEDT 35 4 TEEIEEIC
FEEAICHL DS > T W B e EN|E SN T
W3, BT, FA Y OEEMRICBIT 508
BRIZBWT, sipA sequence typing THEHT L7z &
5, BRI A TOGBERD 3% ICTRD Stz LR
HI iz, O TORGKDIHIZDONT
XTBETH 5.

3. PCR ribotype 017/trf #

PCR ribotype 017 I& Stubbs 5912 £ % &y £&
T, PCR ribotype trf ¥ Kato 59 iIZ &K 2658 T
H5., 254 7E PCR ribotype pattern iZ 8 \»
TEHL DNV FR2EBFT 3, Wiy A 7EEE D
toxin A &% toxin B B binary toxin &M T,
toxinotype VIIIWZEL, F—® slpA sequence
major type IZ 3% & 11 5%, PCR ribotype 017
WICE DA 7205077 7 v A 7EHD R,
PCR ribotype trf ZRIC £ 2 bBED T 7 b 7L A
7 BRI BI/E I N T W B, toxin AR
toxin B BEMEERIE, HDOEOEEER CHEEICH
BEXN2D, AFICR—F7 K, 745§,
HETLEBERTH S LHRESINL T D189,

4 . PCR ribotype 027 #

Stubbs 5% IZ PCR ribotype 027 &g & L7z
84 7OEKIE, REA T3 Bl, PFGE @t Tl

North America PFGE type 1(NAP1) £ X
f, BI/NAP1/027 ¥k & FEIE 71 %2%2Y, toxin A
1% toxin BEEMRRTH Y, in vitro TR LT
LRk B CHEREEMEIEVERES L
722V, toxinotype III 12 J& 3 PaLoc & £ T,
toxin A 8 & U toxin B DEL£IC&DFEELETF
T®H 5 tedC DZEE? IS toxin A & toxin B E
EEPFVERD—D bR T3, TXT
ZIBALTW AT TIRE W, toxin ABIU
toxin B MIZ 21T binary toxin #E4£ T 5.

2000 EZ A5 5l CDLESISEE L
WITL TS, Ky 4 TEEOSBEDEEIML, &5k
DEWIREEDRYE & iz, PCR ribotype 027
HOSBE L CDI OEFE(L & DREEIC DV THRE
2d 1829, HENC BT B SHOFECHI R0 -
MEEART 7 s 7 v A 7 EBFIIFEECER ST
(http://www.cqc.org.uk/_db/_documents/
Stoke_Mandeville.pdf). PCR ribotype 027 ¥k
3, 190 ERBL U ZNLUATIC b DBES hTW
% 73 (historic isolate), BFHIH» & DS BETHAT
BREldzoTwiw, 2000 FELIREIC S BEX N7z
epidemic isolate 13, historic isolate 34 F 7 o
FHREFVT0FY I REDT NI OF
/a Y RREECRETHLOIHRLT, #F
7aFH Y UOREFVIOFYYUEMETHD
ZEMe, INoD7NVAuF ) arREED
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FERANERE LRV RITOERO—D R oz &
HEZ 50722, —7f, PCR ribotype 027 #RD
historic isolate ® & {& F & epidemic isolate d
BT F & LhB AT U 72 85T T, epidemic iso-
late 12 1%, historic isolate 21XV 20—kb @
G+C content D& \> phage island 23388 57z
raeRhn, KELHFLIEETFREBS TS L
KEVBEWEEEEZ L DICE> TWn5E I LR
Tz,

bHBEIC B TIX, PCR ribotype 027 £RiC X
LEREFIIRD >N T W58, BEDE 5,
KERSBBIC R > T 3 EEMmHRS, KEk
FATHRE 2o TWwBT 7 M7V A 7BHIIERED 5
TR,

5. PCR ribotype 078 #&

PCR ribotype 078 £ i%, toxin A Bl toxin
B B binary toxin BEE#R T, toxinotype V IZ
BT, #k, vy T I REQCEYH S DIEEY
DR L e o Tz, KETR/INGED ORRE
S bRDOOENE I EPWEINIY, &KAT
i, K54 TEEIZE FRERBER» S b oS
h, #5451 PCR ribotype 027 ¥ & [Afk
WEEFID» S SBEEI NS LOREND D, KE
HOE»S b, BRZEROA» S bEHEINLTY
5.

BHHIC

bBERBWTIZ, FEREN T ERRER
BESNTWED, EDL D RERPITLE
BrnoTwb00, ERITHTHS, BHXOD
sk CHEYIsMEENRE TS LRI,
2EER CDIDY —_A TV R« VAT LADHE
EBHESLECTHSL, —HT, CDIE, AER
DERE2EDBEEARTRZ OREPEELIC
KELEET LD, RO LS KERNTES
B FITHRE L TRIE L 2o T A ERUAOHE
HizkoTh, BEEREBRIRDERE & 5%
I LD, BROEMEEELEZD TS
TEMHDIBIELICHEBEITRETDHS.
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