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Background 
  The past decade witnessed an upsurge 
in the incidence and severity of 
Clostridium difficile infection (CDI) due 
to the emergence of a epidemic strain 
(PCR-ribotype 027/BI/NAP1) that is 
resistant to several fluoroquinolones.  
However, in Japan, no outbreaks caused 
by type PCR-ribotype 027 have been 
reported to date.  In contrast, we have 
reported that a specific strain, namely 
PCR ribotype smz was dominant at 
multiple hospitals in Japan since the 
1990s. 

Materials and Methods 
1.! A total of 120 C. difficile isolates 

recovered from sporadic CDI cases at 
15 medical facilities in Japan in non-
outbreak settings between 2001-2013, 
were examined.  

2.! Twenty-one and 18 isolates from 
outbreaks that occurred 
independently in 2009 and 2010 at 2 
hospitals were also analyzed. 

3.! PCR ribotyping was performed as 
previously described. 

4.! Isolates were tested for susceptibility 
to gatifloxacin, moxifloxacin, 
erythromycin, clindamycin, and 
rifampicin by using Etest strips. 
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Figure  The representative PCR ribotype patterns of C. 
difficile isolates.  Lanes M, 100 bp ladder as a molecular 
weight marker; lane a, PCR ribotype og39; lane b, type 
001; lane c, type 002; lane d, type 014; lane e, type ysmz 
(018’); lane f, type smz (018); lane g, type 017; lane h, 
type trf (369); lane i, type 027; lane j, type 078. 

Table 2. MIC results of C. difficile isolates recovered in non-outbreak settings at 15 hospitals

Gatifloxacin Moxifloxacin Erythromycin Clindamycin Rifampicin

Range 0.75->32 0.75->32 0.38->256 3-128 <0.002
MIC50 >32 >32 0.75 6 <0.002
MIC90 >32 >32 >256 128 <0.002

% Ra 75.0 56.3 12.5 12.5 0
Range 0.75->32 0.5->32 0.25->256 3->256 <0.002
MIC50 1 1 0.75 3 <0.002
MIC90 8 8 1 6 <0.002
% R 23.1 23.1 15.4 7.7 0
Range 8->32 6->32 >256 4->256 <0.002
MIC50 >32 24 >256 >256 <0.002
MIC90 >32 >32 >256 >256 <0.002

% R 100 95.7 100 97.9 0
Range 6->32 6->32 >256 64->256 <0.002
MIC50 12 8 >256 >256 <0.002
MIC90 >32 >32 >256 >256 <0.002
% R 89.5 68.4 100 100 0
Range 0.38->32 0.38-16 0.38->256 2->256 <0.002->32
MIC50 1 1 1 6 <0.002
MIC90 1.5 1.5 >256 >256 <0.002

% R 4.0 4.0 32.0 32.0 4.0
a%R, Percentage of resistant isolates; bPCR ribotypes smz (018) and ysmz (018') were presented together.

trf (369)

Other types

002

014

16

13

47

19

25

PCR ribotype
MIC results (!g/mL)No. of

isolates Measure

smz (018)/ysmz (018')b

Summary 
1.!PCR ribotype smz and PCR ribotype ysmz  

which had an almost identical ribotype 
pattern to that of type smz, (A+B+CDT-)  
were most frequently identified (39.2%), 
followed by PCR ribotype trf (A-B+CDT-) 
(15.8%), PCR ribotype 002 (13.3%) and 
PCR ribotype 014 (10.8%) in non-outbreak 
settings.   

2.!PCR ribotypes smz, trf, and 014 were also 
predominant at one hospital in an outbreak 
period; PCR ribotypes ysmz and PCR 
ribotype trf were concurrently responsible 
for an outbreak at another hospital.   

3.!We found 5 CDT-positive isolates, of which 
only one was identified as PCR ribotype 
027, with another as PCR ribotype 078.  

 
4.!PCR ribotype smz was found to correspond 

to ribotype 018 using the Cardiff Anaerobe 
Reference Unit (ARU) nomenclature, which 
has been reported to be predominant in 
Italy and Korea.   

4.!All A-B+CDT- isolates tested here were of 
PCR ribotype trf, which was eventually 
confirmed as a novel PCR ribotype, ARU-
ribotype 369, but not as type 017.   

5.!High rates of resistance against gatifloxacin, 
moxifloxacin, erythromycin, and 
clindamycin were observed in PCR ribotype 
smz (018)/ysmz (018’) isolates, whereas all 
PCR ribotype trf (369) isolates were highly 
resistant to erythromycin and clindamycin.  

 
6.!Further studies are warranted to 

understand the epidemiological relevance 
and the role of types smz (018)/ysmz (018’) 
and trf (369) in relation to their spread and 
prevalence nationwide and globally. 
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Table 3. MIC results of C. difficile isolates recovered from 2 hospitals in outbreak settings

Gatifloxacin Moxifloxacin Erythromycin Clindamycin Rifampicin

C. difficile isolates from hospital A
Range 1-1.5 0.75-1 1-1.5 4-8 <0.002
MIC50 1 0.75 1 4 <0.002
MIC90 1.5 1 1.5 8 <0.002

% Ra 0 0 0 20.0 0
Range >32 >32 >256 >256 <0.002
MIC50 >32 >32 >256 >256 <0.002
MIC90 >32 >32 >256 >256 <0.002

% R 100 100 100 100 0
Range 12-16 6-8 >256 128->256 <0.002
MIC50 12 6 >256 >256 <0.002
MIC90 16 8 >256 >256 <0.002
% R 100 33.3 100 100 0

sc1026 1 MIC 1 0.75 1 4 <0.002

C. difficile isolates from hospital B
Range >32 24->32 >256 64->256 <0.002
MIC50 >32 >32 >256 >256 <0.002
MIC90 >32 >32 >256 >256 <0.002
% R 100 100 100 100 0
Range 8->32 6->32 >256 >256 <0.002
MIC50 24 8 >256 >256 <0.002
MIC90 >32 >32 >256 >256 <0.002

% R 100 88.9 100 100 0
a %R, Percentage of resistant isolates; bPCR ribotypes smz (018) and ysmz (018') were presented together.
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hospital A hospital B

(2011-2013) (2010) (2009)
002 16 (13.3) 0 0

014 13 (10.8) 5 (23.8) 0
smz (018) /

ysmz (018')a 47 (39.2) 9 (42.9) 9 (50.0)

Other typesb 20 (16.7) 1 (4.8) 0

017 0 0 0

trf (369) 19 (15.8) 6 (28.6) 9 (50.0)

027 1 (0.8) 0 0

078 1 (0.8) 0 0

Other typesc 3 (2.5) 0 0

120 21 18

c3 different PCR-ribotypes were identified.

aPCR ribotypes smz (018) and ysmz (018') were presented together;
b15 different PCR-ribotypes were identified;

Table 1.  Distribution of prevalent PCR ribotypes recovered from 15
hospitals  in non-outbreak settings and 2 hospitals in outbreak settings
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