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SUMMARY

A typing system for Clostridium difficile by sequencing the surface layer protein A
gene (slpA) was evaluated, and clinical isolates in Japan were analyzed by this
method. A total of 160 stool specimens from symptomatic patients in Japan were
examined and 87 isolates of C. difficile were recovered. slpA sequence typing was
found to have reliable typability and discriminatory power in comparison with
PCR ribotyping, and the typing results were highly reproducible and comparable.
The slpA sequence typing was applied to type C. difficile in DNA extracted directly
from stool specimens. Among the 90 stool specimens in which direct typing results
were obtained, 77 specimens were positive for C. difficile-culture, and typing
results from isolated strains agreed with those from direct typing in all 77
specimens. The slpA sequence type smz was dominant at all four hospitals
examined, and this endemic type was detected by culture and/or direct typing in 61
(62%) of 99 stool specimens positive for toxic culture and/or direct slpA4 sequence
typing. Comparison of epidemic strains reported throughout the world revealed
one isolate identified as slpA sequence type gc8 which was found to correspond to
PCR ribotype 027 (BUNAP1/027), whereas no isolates were found with the slp4
gene identical with that of PCR ribotype 078 strain. slpA sequencing typing is
valuable for the comparison of C. difficile strains epidemic in diverse areas because
typing results are reproducible and can be easily shared. In addition, sip4

sequence typing could be applied to direct typing without culture.

INTRODUCTION

Clostridium difficile is one of the important organisms that cause health-care associated
infections. Specific strains have been documented to cause multiple outbreaks (Kato ez
al., 2001; McDonald et al., 2005; Samore ef al., 1997), and patients infected with
particular strains were more likely to develop severe disease (Barbut ef al., 2007,
Goorhuis et al., 2007; Goorhuis ef al., 2008), suggesting that strain differences play
some role in the pathogenicity of this organism. Recent reports have documented that a
variant strain, characterized as restriction endonuclease analysis (REA) type Bl, as
pulsed-field gel electrophoresis (PFGE) type NAP1, and as PCR ribotype 027, caused a
high number of outbreaks in North America and Europe (Kuijper ef al, 2008;
McDonald et al,, 2005; Warny et al., 2005). In addition, PCR ribotype 078 has been
noted as another hyper virulent strain, which has been recovered not only from calves
and pigs (Keel et al., 2007) but also from humans (Goorhuis et al., 2008). Among
numerous schemes for typing C. difficile, PCR ribotyping and PFGE typing are widely



used in Europe and North America to identify epidemic strains. However, it is not easy
to share typing results by these schemes, which depend on banding-pattern analysis
among multiple [aboratories. In the present study, a typing method by sequencing the
gene encoding a surface layer protein (sjpA) was evaluated. Previous reports have
documented that the low molecular weight peptide of the S-layer protein varies among
C. difficile isolates (Calabi et al, 2002; Eidhin et al., 2006), and a variation of the gene
was used for typing C. difficile (Karjalainen et al,, 2002; Kato ef al., 2005a). In this
study, clinical isolates from Japan were analyzed by sequencing s/p4, and the method

“was applied to type C. difficile on DNA directly extracted from stool specimens.

METHODS

Bacterial strains and stool specimens. The reference strains of F (ATCC 43598), G
(ATCC 43599), H (ATCC 43600) (Delmee et al., 1986) were obtained from the
American Type Culture Collection. The GAI 97660 strain was used as the reference
strain for the PCR ribotype smz, slpA sequence type smz and serogroup JP (Kato ef al.,
2001; Kato et al, 2005a). Included in the present study were strains US36 (REA type J
/ PCR ribotype 001), NL8 (REA type Y / PCR ribotype 014), US37 (REA type G/PCR
ribotype 002), US42 (REA type BI/ PFGE type NAP1 / PCR ribotype 027) (Killgore et
al., 2008) and UMCG12(3) strain (PCR ribotype 078) (Goorhuis et al., 2008). Stool
specimens were obtained with the informed consent of patients who were hospitalized
from 2003 to 2007 with a diagnosis of antibiotic-associated diarrhea or colitis. A total
of 147 stool specimens from patients admitted to four hospitals (A, B, C, and D) and 13
specimens from sporadic cases from six other hospitals in Japan were tested. Hospitals
A and D are located in different cities of the same prefecture (Gifu), while the hospitals
B and C are in different prefectures, Aichi and Nagano, respectively. The stool
specimens were frozen at -80°C until transported and tested at the National Institute of
Infectious Diseases.

Culture. C. difficile was isolated on cycloserine-cefoxitin-mannitol agar (Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan) from stool specimens, which were treated with
alcohol for spore selection, and identified as previbusly described (Kato et al, 1998).
The presence of the non-repeating sequences of the toxin B gene (fcdB) and the
repeating sequences of the toxin A gene (fcd4) was examined by PCRs as previously
described (Kato et al,, 1998; Kato et al,, 1999). PCR detection of the gene encoding the
binding component of binary toxin was performed as previously described (Stubbs ef al,
2000).

DNA extraction. DNA extraction from cultured isolates for PCR ribotyping and sip4



sequence typing was performed using a High Pure PCR template Preparation Kit
(Roche Diagnostics, Mannheim, Germany) according to the manufacturer’s instructions.
DNA was directly extracted from stool specimens using the QIAamp DNA stool mini
kit (Qiagen, Hiden, Germany) according to the manufacturer’s instructions (Kato et al.,
2005a; Kato et al., 2005b).

Typing of isolates. Typing of isolates by sequencing slp4 was done with the primer set
slpAcom19 and slpAcom22 as previously described (Kato ef al, 2005a). Both strands
of the amplified products were sequenced. Isolates were assigned to different major
types when they had 20 or more amino acid differences, and to subtypes (01, 02, 03,
and 04) when they had less than 20 such differences. PCR ribotyping of isolates was
performed by the modified methods described by Stubbs et al. (Stubbs et al., 1999).
Briefly, the reaction volume for PCR was scaled down to 30 pl, and 1 pl of DNA
extracted by the method described above was used. The thermal profile was 35 cycles
comprising 95C for 20 s and 55°C for 120 s, followed by incubation at 75°C for 5 min.,
and resultant PCR products were separated in 2.5% agarose gel at a constant voltage of
125 V for 3.5 h. A new PCR ribotype was identified when a banding pattern showed
two or more band differences from previously identified patterns.

Detection of fcdB by nested PCR in stool specimens. fcdB was detected by the nested
PCR on DNA extracted from stool specimens as described previously (Kato ez al,
2005b).

Direct typing by sequencing sipA in stool specimen. Amplification of s/p4 by a
nested PCR was performed on DNA extracted from stool specimens that were PCR-
positive for fcdB by the nested PCR. A primer pair used for the 1st PCR was
slpAcom19-slpAcom?22, which were used for typing of isolates. The sip4 sequences of
the 17 isolates representing different sipA4 sequence types were compared, and 5
forward primers (slpAcom33, slpAy32-1, slpAxr-1, slpAyok-9, and slpAog39-3) and 2
reverse primers (sipAcomBO and slpAog39-6) were selected for the 2nd PCR of direct
typing (Table 1). The primer‘ pair, slpAcom33-slpAcom30 was selected from the sipA
sequences of 8 isolates (the GenBank/EMBL/DDBJ accession numbers are AB180242,
AB258978, AB258979, AB236153, AB249984, AB231583, AB236725, and
AB236726); slpAy32-1 was from those of 2 isolates (AB258981 and AB258983),
slpAxr-1 was from 2 isolates (AB239686 and AB239685); slpAyok-9 was from 2
isolates (AB240196 and AB257283); primers, slpAog39-3 and slpAog39-6 were from 3
isolates (AB259787, AB538230, and AF458880). The sip4 sequences (AF458880) of
ATCC 43597 (the reference strain of serogroup D) were available from the database.
The thermal profiles were 35 cycles comprising 95°C for 20 s and 55°C for 180 s,



followed by incubation at 75°C for S min for the 1st PCR, and 35 cycles comprising
95°C for 20 s and 55°C for 120 s, followed by incubation at 75°C for the 2nd PCRs.
After the first PCR with the primer pair, slpAcom19-slpAcom22, the 2nd PCR was
performed by a primer set, slpAcom33-slpAcom30, which was designated as primer
set-A. When no amplification was produced by the PCR with the primer set-A, the 2nd
PCRs were performed separately by primer set-B consisting of primers, slpAy32-1,
slpAxr-1, slpAyok-9 and slpAcom30, and set-C consisting of primers slpAog39-3 and
slpAog39-6. The PCR product was purified and sequenced with the same primers used
for the 2nd PCR in the same manner described for the s/pA sequence typing on DNA

extracted from isolates. Both strands of the amplified products were sequenced.

RESULTS

Typing of the reference strains

Typing analysis was performed on some epidemic strains, which have been reported
around the world. ATCC 43598 strain, which was previously characterized as toxin A-
negative and toxin B-positive (A'B") and serogroup F/PCR ribotype 017 ((Delmee et al,
1986; Stubbs et al., 1999), was typed as slpA sequence type fr-01 (DDBJ accession no.
AB236153). The US36 strain (REA type J/ PCR ribotype 001) (Killgore et al., 2008)
and ATCC 43599 strain had the same s/pA4 sequences of type gr-01 (DDBJ accession no.
AB249984); NL8 strain (REA type Y / PCR ribotype 014) (Killgore et al., 2008) and
ATCC 43600 strain were identical by both sipA4 sequence typing (type hr-01, DDBJ
accession no. AB231583) and PCR ribotyping. The slp4 sequences of US37 strain
(REA type G/ PCR ribotype 002), US42 strain (REA type BI/ PFGE type NAP1/PCR
ribotype 027) (Killgore et al., 2008) and UMCG12(3) strain (PCR ribotype
078)(Goorhuis et al., 2008) were examined and registered as type yok-01 (DDBJ
accession no. AB240196), type gc8-01 (AB249986), and type 078-01 (AB470267),
respectively.

Typing analysis of recovered isolates

A total of 160 stool specimens were examined and 87 C. difficile isolates were
recovered. Of the 87 isolates, 75 were toxin A-positive and toxin B-positive (A'B"),
and 12 were AB*. Three of the A'B" isolates were positive for PCR detecting the
binary toxin gene (A"B* CDT"). By sipA sequence typing, the 87 isolates were typed
into 14 major types and further into 18 subtypes (Table 2). In one isolate, DINS 0403,
the slp4 gene could not be amplified by the primer set, sipAcom19-slpAcom22, but was
sequenced using slpAcom19 and a reverse prirher (5°-
GCTGTTTGTATTCTGTCATCACC -3’). This isolate was typed as sip4 sequence



