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In this study, we investigated the correlation between the microbiological characteristics of Clostridium difficile clinical
isolates and the recurrence of C. difficile-associated disease (CDAD). Twenty C. difficile isolates recovered from 20 single
infection cases and 53 isolates from 20 recurrent cases were analyzed by pulsed-field gel electrophoresis (PFGE) and PCR
ribotyping, and the cytotoxicity, antimicrobial susceptibility, and sporulation/germination rates of the isolates were exam-
ined. Recurrent cases were divided into relapse or reinfection cases by the results of C. difficile DNA typing. Among the 20
recurrent cases, 16 cases (80%) were identified to be relapse cases caused by the initial strain and the remaining 4 cases
(20%) were identified to be reinfection cases caused by different strains. All 73 isolates were susceptible to both vancomy-
cin and metronidazole, but resistance against clindamycin, ceftriaxone, erythromycin, and ciprofloxacin was found in
87.7%, 93.2%, 87.7%, and 100% of the isolates, respectively. No correlations between DNA typing group, cytotoxicity, and
sporulation rate of isolates and infection status, i.e., single, relapse, or reinfection, were observed. However, the isolates
recovered from relapse cases showed a significantly higher germination rate when incubated in medium lacking the germi-
nation stimulant sodium taurocholate. These results indicate that the germination ability of C. difficile may be a potential

risk factor for the recurrence of CDAD.

C'Iostridium difficile is a Gram-positive, obligately anaerobic,
spore-forming bacillus which is the causative pathogen of
pseudomembranous colitis (PMC) and is also associated with a
large proportion of inpatient cases of antibiotic-associated diar-
rhea (AAD) (5, 22, 35). The main virulence factors of C. difficile
are the two large clostridial glucosylating toxins, toxin A (TcdA)
and toxin B (TcdB), which have enterotoxic and cytotoxic activity,
respectively. These genes are located within a pathogenicity locus
(PaLoc) along with other toxin production-related genes. Most
pathogenic strains isolated in cases of C. difficile-associated disease
(CDAD) produce both toxins (A*, B* strains). Regarding other
toxin variant strains, isolates that produce toxin B but not toxin A
(A~, B*) have been reported worldwide, but naturally occurring
isolates that produce toxin A but not toxin B (A", B™) have not
previously been reported. Some isolates produce an additional
binary toxin (CDT), but its role in CDAD is not well understood
(10, 26, 27, 35). Recently, outbreaks due to an emerging hyper-
virulent strain of C. difficile, strain BI/NAP1/027, which produces
a binary toxin, have been reported in North America and Europe
(28, 35).

Oral antibiotics, such as vancomycin or metronidazole, are
commonly used and effective in the treatment of CDAD. How-
ever, recurrent cases of CDAD (rCDAD) are common and result
in a prolonged duration of hospitalization and increasing treat-
ment costs (36, 40). Recurrence rates are generally 10 to 35%, but
patients with known recurrent CDAD may exhibit rates higher
than this (4, 9, 29).

Risk factors for recurrent CDAD are continuous use of antibi-
otics, older age, hypoalbuminemia, diabetes mellitus, use of ant-
acids, and stool colonization with vancomycin-resistant entero-
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cocci (VRE) (8, 12, 24, 37). Abnormal flora and/or host immune
response is also a possible reason for recurrence (40).

Recurrences are caused by the persistence of the same strain of
C. difficile that caused the first episode and/or the reinfection with
a new strain from the environment. It has been reported that the
relapse rates due to the same strain were 25 to 87.5% (2, 4, 9, 32,
41,45). However, it is important to note that these may include an
external reinfection by the original strain.

Various studies have reported the molecular and microbiolog-
ical characterization of isolates from CDAD and/or rCDAD pa-
tients. In most of these studies, the DNA and toxin type were
investigated, and in some, the antimicrobial susceptibility and/or
cytotoxicity of C. difficile clinical isolates was also tested as a phe-
notypic characteristic (9, 23, 30, 32, 33, 42). However, reports for
other phenotypic characteristics such as sporulation rate are very
limited.

Sporulation and germination are two of the most important
factors in the pathogenicity of C. difficile and the recurrence of
CDAD. It is presumed that the toxin production of C. difficile is
related to sporulation and germination (3, 16) and that sporula-
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tion allows persistence of C. difficile in the intestinal tract and the
environment (4, 32, 35). Spores are resistant to antibiotics, and it
is reasonable to assume that sporulation contributes to the spread
and survival of C. difficile. A rapid germination rate may allow
rapid growth of C. difficile when antibiotic levels are greatly re-
duced or absent.

In this study, we performed DNA typing of clinical isolates of
C. difficile and examined cytotoxicity, antibiotic susceptibility,
and sporulation/germination rates to investigate the correlation
between microbiological characteristics and the recurrence of
CDAD.

MATERIALS AND METHODS

C. difficile strains. Seventy-three clinical isolates of C. difficile were used
in this study to compare genotypic and/or phenotypic characteristics be-
tween strains isolated from single infection cases and those isolated from
recurrent cases. A single detection of C. difficile from one patient during
the observation period (more than 1.5 years) was regarded to be a single
infection case, and multiple detections from one patient with an interval
of 2 or more weeks was regarded to be a recurrent case. Twenty strains
from 20 single infection cases and 53 strains from 20 recurrent cases were
isolated from inpatients in the following two facilities: Tokyo Metropoli-
tan Geriatric Hospital, Tokyo, Japan (TMG strains, 2002 to 2005, 3 strains
from 3 single infection cases and 7 strains from 3 recurrent cases), and
Kyorin University Hospital, Tokyo, Japan (KY strains, 2004 and 2005, 17
strains from 17 single infection cases and 46 strains from 17 recurrent
cases).

Identification. C. difficile isolates were identified by PCR assay using
primer set B(CCGTCAATTCMTTTRAGTTT, where M is A or Cand R is
A or G) and PG-48 (CTCTTGAAACTGGGAGACTTGA), derived from
the C. difficile 16S rRNA gene according to the procedure previously de-
scribed, with slight modifications (13, 20). Briefly, a single colony of C.
difficile grown on Gifu anaerobic medium (GAM) agar (Nissui Medical
Co., Tokyo, Japan) was suspended in 100 ul of TE (10 mM Tris-HCI, 1
mM EDTA [pH 8.0]). The composition of GAM agar is as follows: pep-
tone, 1%; soybean peptone, 0.3%; proteose peptone, 1%; digested blood
powder, 1.35%; yeast extract, 0.5%; meat extract, 0.22%; liver extract
powder, 0.12%; glucose, 0.3%; potassium dihydrogen phosphate, 0.25%;
sodium chloride, 0.3%j soluble starch, 0.5%; L-cysteine monohydrochlo-
ride, 0.03%; sodium thioglycolate, 0.03%; and agar, 1.5%. The pH was 7.1,
and the agar was sterilized at 115°C for 15 min. The suspension was boiled
for 10 min and centrifuged at 10,000 X g for 5 min. The resultant super-
natant was used as template DNA.

PCR ribotyping. PCR ribotyping was performed by the method pre-
viously described, with slight modification, and primers CTGGGGTGAA
GTCGTAACAAGG (positions 1445 to 1466 of the 16S rRNA gene) and
GCGCCCTTTGTAGCTTGACC (positions 20 to 1 of the 23S rRNA gene)
(18, 39). Briefly, the volume of the PCR mixture was downscaled to 50 ul,
and the amplified PCR products were concentrated to a final volume of
approximately 10 ul, followed by heating at 75°C for 90 to 120 min, before
electrophoresis in 3% Metaphor agarose (Lonza Rockland Inc., Basel,
Switzerland) at a constant voltage of 120 V for 4 h. Isolates with patterns
differing by one or more bands were assigned to different PCR ribotypes,
and the difference in faint bands was ignored.

PFGE. Pulsed-field gel electrophoresis (PFGE) analysis was performed
by the method previously described with slight modifications (6, 18, 19).
One milliliter of C. difficile overnight culture was inoculated into 4 ml of
tryptone-yeast extract-glucose medium and incubated at 37°C for 5 h in
an anaerobic chamber (10% CO,, 10% H,, and N, to balance), and an
arbitrary volume of the culture was centrifuged at 5,000 X g for 5 min to
obtain an appropriate size of pellet. The pellet was washed with 1 ml of
TES buffer (50 mM Tris [pH 8.0], 5 mM EDTA, 50 mM NaCl) twice,
embedded in an agarose plug, and incubated at 37°C for 1 h with
lysozyme-lysostaphin, followed by incubation with proteinase K at 50°C
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for 18 h using a GenePath group 1 reagent kit (Bio-Rad Laboratories, Inc.,
CA) according to the manufacturer’s instructions. DNA in the plug was
digested with Smal for 18 h at 25°C.

Electrophoresis was performed with a contour-clamped homoge-
neous electric field (CHEF) Mapper system (Bio-Rad Laboratories, Inc.,
CA) and a GenePath gel kit (Bio-Rad Laboratories, Inc., CA) with pro-
gram 16 (6 V/cm, 120° angle, 5.3- to 49.9-s switch time, nonlinear ramp,
14°C, 19.7-h run time). If a smear band was obtained, the sample was
again subjected to electrophoresis by adding it with thiourea to a 1.0%
agarose gel and running buffer at a final concentration of 200 uM to
prevent DNA degradation during electrophoresis (25).

DNA fragments were stained with ethidium bromide and photo-
graphed using a GelDoc system (Bio-Rad Laboratories, Inc., CA). Major
PFGE types were defined by more than three fragment differences, and
these major types were subtyped by three or less than three fragment
differences (43). Dendrogram analysis was carried out using Fingerprint-
ing II software (Bio-Rad Laboratories, Inc., CA).

Using the results of PFGE analysis, recurrent cases were divided into
relapse cases and reinfection cases. If the strain isolated at the time of
recurrence had a PFGE type identical to that of the initial strain, it was
deigned to be a relapse case, but if the type was different, it was regarded to
be a reinfection.

Toxin detection. The toxin type of C. difficile strains was analyzed by
PCRas previously described (18, 20, 21). The template DNA was prepared
by the boiling method described above. Two primer sets, NK3 (GGAAG
AAAAGAACTTCTGGCTCACTCAGGT) and NK2 (CCCAATAGAAGA
TTCAATATTAAGCTT) and NK11 (TGATGCTAATAATGAATCTAAA
ATGGTAAC) and NK9 (CCACCAGCTGCAGCCATA), were used for
the detection of the toxin A gene, and primer set NK104 (GTGTAGCAA
TGAAAGTCCAAGTTTACGC) and NK105 (CACTTAGCTCTTTGATT
GCTGCACCT) was used for the detection of the toxin B gene.

Cytotoxicity assay. Cytotoxicity was determined by the method de-
scribed by Kamiya and Borriello (15). Briefly, African green monkey kid-
ney (Vero) cells were grown in Eagle’s minimum essential medium
(MEM; Sigma-Aldrich, Inc., MO) supplemented with 8% fetal calf serum
(Sigma-Aldrich, Inc., MO) in 96-well microplates, and the cell culture
medium was removed and replaced with 100 ul of fresh maintenance
medium (Eagle’s MEM containing 0.5% calf serum) before assay. The
culture supernatant of C. difficile in brain heart infusion (BHI) broth
(incubated at 37°C for 24 h) was subjected to 2-fold serial dilution with
maintenance medium. The cell culture medium was then removed and
replaced with 100 ul of each diluted sample. The cytotoxicity of the sam-
ple was determined to be the highest dilution resulting in 100% cell
rounding after incubation for 24 h.

Antimicrobial susceptibility testing. MICs of vancomycin, metroni-
dazole, clindamycin, ceftriaxone, erythromycin, and ciprofloxacin were
measured by Etest (AB Biodisk, Solna, Sweden). A cotton swab dipped
into a 1.0 McFarland standard-matched suspension of the test isolate was
used to inoculate a prereduced GAM agar plate. Etest strip and MIC value
measurements were performed according to the manufacturer’s instruc-
tions. Antibiotic resistance was defined as follows, in accordance with the
interpretative criteria described in the manufacturer’s package insert and
previous reports (1, 48): vancomycin, =32 mg/liter; metronidazole, =32
mg/liter; clindamycin, = 8 mg/liter; ceftriaxone, = 64 mg/liter; erythro-
mycin, =8 mg/liter; and ciprofloxacin, =4 mg/liter.

Spore formation rate. The spore formation rate of C. difficile was
determined by microscopic observation. A few colonies of C. difficile
grown on a GAM agar plate at 37°C for 5 days were suspended in an
appropriate volume of sterile saline, and the numbers of spores and veg-
etative cells were counted under a phase-contrast microscope using a
bacterium-counting chamber. The spore formation rate (in percent) was
calculated by the following formula: (number of spores per ml/number of
total cells [spores and vegetative cells] per ml) X 100.

Germination rate. The germination rate of C. difficile was evaluated by
the methods described previously (17, 31). To count the number of
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FIG 1 PCR ribotype patterns of C. difficile isolates. Lanes R1 to R11, repre-
sentative pattern of each ribotype; lanes M and n.c., 50-bp size markers and
negative control, respectively.

spores, a suspension of C. difficile cells was heated at 70°C for 10 min to kill
all the vegetative cells. The heat-treated suspension was then subjected to
10-fold serial dilution with sterile saline and inoculated onto GAM agar or
BHI agar (BD, NJ) with or without supplementation of sodium tauro-
cholate (Wako Pure Chemical Industries, Ltd., Osaka, Japan). After incu-
bation of the plates at 37°C for 48 h in an anaerobic chamber, the colonies
were counted and the germination rate (in percent) was calculated by the
following formula: (number of CFU per ml/microscopic counts of spores
per ml) X 100.

Statistics. For the statistical comparison of the spore formation rate
and germination rate, Tukey-Kramer’s test and Steel-Dwass’s test were
used for parametric and nonparametric data, respectively. The normality
of a distribution and homogeneity of variances were evaluated by chi-
square goodness-of-fit test and Bartlett’s test.

RESULTS

Genotyping. We carried out PCR ribotyping and PFGE analysis
to determine the infection status of recurrent cases and to in-
vestigate the correlation between genotype, phenotype, and in-
fection status.

All 73 strains were typeable and resolved into 11 ribotypes
(Fig. 1 and Table 1) and 12 major PFGE types (Fig. 2 and Table 1).
Major ribotypes of C. difficile isolates were R2 (31 strains, 42.5%),
R1 (14 strains, 19.2%), and R4 (13 strains, 17.8%). The DNA
degradation during PFGE assay observed in some isolates com-
pletely resolved by addition of thiourea at a final concentration of
200 uM. Forty-nine strains were assigned to PFGE major type P1
(67.1%), and 11 strains were assigned to type P3 (15.1%), and
these 2 types accounted for more than 80% of the total (Table 1).
Type P1 strains were recovered from 28 out of 40 patients
(70.0%), and type P3 strains were recovered from 8 out of 40
(20.0%)).

Among the 20 recurrent cases, 16 patients were regarded to be
relapse cases caused by the same strain (80.0%), and the remain-
ing 4 patients were regarded to be reinfection cases caused by
different strains (20.0%) (Table 2). In the relapse cases, the major
PFGE type and DNA ribotype were P1 (12 strains, 75.0%; Table 2)
and R2 (8 strains, 50.0%; data not shown). There was no signifi-
cant association between DNA typing group (PFGE type or PCR
ribotype) and incidence of recurrence.

Toxin type and cytotoxicity. Among 73 strains used in the
study, 67 strains were toxin A", B* (91.8%), 2 were toxin A~
B* (2.7%), and 4 were toxin A~, B~ (5.4%) (Table 3). Toxin
A*, B strains were mainly categorized to types P1/R2, P3/R4,
and P1/R1. In contrast, toxin A—, B* and A~, B~ strains were
categorized to type P8/R8 or P10/R8 and P5/R5 or P11/R10,
respectively. There was no correlation between toxin type and
infection status (Table 3). Cytotoxicity assay showed that 13
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strains (17.8%) were highly toxigenic (toxin titer, >28), and 5
strains (6.8%) had a low toxicity with a titer of 22 (data not
shown). There was no significant relationship between the cy-
totoxicity of C. difficile isolates and DNA typing group (PFGE
type and PCR ribotype), except that toxin A~, B~ strains (type
P5/R5 and P11/R10) showed no cytotoxic activities. Similarly,
no correlation between the cytotoxicity and the incidence of
recurrence was seen (data not shown).

Antibiotic susceptibility. MIC;,s, MICys, and the range of
MICs of vancomycin, metronidazole, clindamycin, ceftriax-
one, erythromycin, and ciprofloxacin against the 73 C. difficile
isolates are all shown in Table 4. All isolates were susceptible to
vancomycin and metronidazole. Resistance against clindamy-
cin, ceftriaxone, erythromycin, and ciprofloxacin were found
in 87.7%, 93.2%, 87.7%, and 100% of the isolates tested, re-
spectively.

C. difficile isolates with PFGE types P1, P3, P4, P8, and P10
showed high-level resistance against clindamycin (MICs,s > 256
mg/liter), ceftriaxone (MIC5,s = 128 mg/liter), erythromycin
(MIC;s > 256 mg/liter), and ciprofloxacin (MICs,s > 32 mg/
liter) (Table 5), as did isolates with ribotypes R1, R2, R3, R4, and
R8 (data not shown). On the other hand, the susceptibility of C.
difficile isolates to vancomycin and/or metronidazole was not re-

TABLE 1 Typing of C. difficile isolates

No. of C. difficile
isolates (no. of

Major PFGE type PCR Toxin-producing patients)
and subtype ribotype type TMG KY®
P1
a RI A+, B* 5(3)
b R2 A*,B* 1(1) 20 (8)
R3 AT, BT 3(1)
c R1 AT, B* 9/ (7)
R2 A", BT 20
d R2 A*,B* 2(1)
e R2 A*,B* 2(1)
f R2 A+, B* 34(2)
g R3 AT, BT 1(1)
Subtotal 7 (5) 42 (23)
P2 R4 AT, B* 1(1)
P3 R4 A+, B* 114/(8)
P4 R4 A*,B* 1¢(1)
P5 R5 A™,B” 3(1)
P6 R6 A+, B* 1(1)
P7 R7 A+, B* 1(1)
P8 R8 A-,B* 1(1)
P9 R9 A*,B* 1(1)
P10 R8 A-, B+ 1e (1)
P11 R10 A, B 1(1)
P12 R11 A+, B* 2(1)

2 TMG, Tokyo Metropolitan Geriatric Hospital.

 KY, Kyorin University Hospital.

¢ Three different TMG strains (no. 6, type P1c/R2; no. 7, type P4/R4; and no. 8, type
P9/R9) were isolated from a patient.

4 Three different KY strains (no. 37, type P3/R4; no. 38, type P1{/R2; and no. 39, type
P1f/R2) were isolated from a patient.

¢ Two different KY strains (no. 66, type P10/R8; and no. 69, type P1c/R1) were isolated
from a patient.

I Two different KY strains (no. 123, type P1¢/R1; and no. 12, type P3/R4) were isolated
from a patient.
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FIG 2 Dendrogram and PFGE patterns of C. difficile isolates. Lanes P1a to P12, representative pattern of each PFGE type; lanes M, bacteriophage lambda ladder
size marker. The dendrogram was constructed with Fingerprinting II software (Bio-Rad Laboratories, Inc.).

lated to either the PFGE type (Table 5) or the PCR ribotype (data
not shown).

There was no correlation observed between the antibiotic sus-
ceptibility of the C. difficile isolates to the above-mentioned anti-
microbial drugs and recurrence (data not shown).

Germination and sporulation. From preliminary experi-
ments testing a variety of media and agar types, we chose the
GAM agar plate as the testing medium for spore formation rate,
as it yielded the highest number of spores (data not shown). To
determine the germination rate, GAM agar plates with or with-
out the C. difficile germination stimulant sodium taurocholate
were used.

The mean spore formation rate of the 73 C. difficile isolates

TABLE 2 Major PFGE type and number of patients with single
infection, relapse, and reinfection

No. of patients

Major PFGE type  Single infection ~ Relapse  Reinfection®  Total
P1 11 12 4 27
P2 1 0 0 1

P3 4 2 2 8

P4 0 0 1 1

P5 0 1 0 1

P6 1 0 0 1

pP7 1 0 0 1

P8 1 0 0 1

P9 0 0 1 1

P10 0 0 1 1

P11 1 0 0 1

P12 0 1 0 1

Total 20 (20)% 16 (16) 9 (4) 45 (40)

@ Cumulative number of patients.
b Data in parentheses are the actual number of patients.
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after 5 days was 32% (range, <1.0 to 89%), and sporulation
ability was not related to PFGE type (Fig. 3A). Similarly, there
was no significant correlation between sporulation ability and
PCR ribotype (data not shown) or recurrence (Fig. 4A).

The mean germination rate of the 73 isolates on GAM agar
was 0.24% (range, 0.00094 to 3.1%), and the germination rate
was elevated about 10- to 50,000-fold when GAM agar was
supplemented with sodium taurocholate (mean, 42.7%; range,
5.7 to 103.7%) (Fig. 3B and C). The germination rate of the
isolates either in the presence or in the absence of sodium tau-
rocholate was not related to PFGE type (Fig. 3B and C) or PCR
ribotype (data not shown). However, the germination rate of
strains isolated from relapse cases was significantly higher than
the germination rates of strains isolated from single and rein-
fection cases when sodium taurocholate was not added (Fig.
4B), though this was not observed with sodium taurocholate
(Fig. 4C). This observation on germination rate was reproduc-
ible, and a similar result was obtained when GAM agar was
replaced by BHI agar (see Fig. S1 in the supplemental material).

DISCUSSION

In this study, 73 clinical isolates of C. difficile were analyzed by
PFGE and PCR ribotyping to determine infection status and to

TABLE 3 Toxin type of C. difficile clinical isolates compared to
infection status

No. (%) of C. difficile isolates

Toxin type Single infection Relapse Reinfection Total
AT, BY 18 (90.0) 40 (93.0) 9(90.0) 67 (91.8)
A-,B* 1(5.0) 0(0.0) 1 (10.0) 2(2.7)
A-,B™ 1(5.0) 3(7.0) 0(0.0) 4(5.5)
Total 20 (100) 43 (100) 10 (100) 73 (100)

Journal of Clinical Microbiology


http://jcm.asm.org

TABLE 4 Antibiotic susceptibility of C. difficile clinical isolates

No. (%)
. of resistant
MIC (mg/liter) .

isolates
Antibiotic 50% 90% Range Breakpoint  (n = 73)
Vancomycin 2 4 1-8 =32 0(0)
Metronidazole  0.19 0.25 0.094-0.25 =32 0(0)
Clindamycin >256 >256 1->256 =8 64 (87.7)
Ceftriaxone >256 >256 32->256 =64 68 (93.2)
Erythromycin ~ >256  >256  0.38->256 =8 64 (87.7)
Ciprofloxacin >32 >32 6—>32 =4 73 (100)

relate this to microbiological characteristics. PFGE and PCR
ribotyping are popular methods of genetic characterization
worldwide and have been found to correlate well (7, 14, 35).
We categorized the 73 strains into 12 major PFGE types (type
P1 was further categorized into 7 subtypes) and 11 PCR ri-
botypes. A good correlation between PFGE and PCR ribotyp-
ing was observed, and as previously reported, PFGE was able to
discriminate strains more accurately than PCR ribotyping (7).

PFGE and PCR ribotyping showed that 16 out of 20 recur-
rent CDAD patients (80.0%) were relapse cases caused by the
same strains. This relapse rate was high compared with the
rates of 25 to 87.5% previously reported (with the remaining
cases suffering reinfection or a combination of relapse plus
reinfection) (2, 4, 9, 32, 41, 45). Although some relapse cases
may include reinfection from the original strain in the patient’s
environment, some may occur through persistence of the orig-
inal C. difficile isolate in the intestinal tract despite antibiotic
treatment (2, 9, 41). In such cases, recurrence may occur more
frequently with strains that have phenotypic characteristics ad-
vantageous for intestinal survival.

Most pathogenic C. difficile strains produce the two large
clostridial glucosylating toxins A and B, and these toxins are the
main virulence factors in CDAD (26, 35). Previously, it was
thought that toxin A was the only toxin essential for the patho-

TABLE 5 Comparison of antibiotic susceptibility with PFGE subtype

Characterization of C. difficile Isolates

genesis of CDAD, and early experiments in animal models
showed that sole administration of toxin A caused symptoms of
CDAD but administration of toxin B without toxin A had no
effect (10, 27, 35). However, recent studies report outbreaks
caused by A~, B strains and therefore conclude that toxin B
also plays an important role in the virulence of C. difficile (10,
26,27). Toxin A~, B* strains have been isolated in many coun-
tries with a prevalence of 0 to 97.9% and recently seem to be on
the increase (10, 23). In this study, only 2 out of 73 isolates
(2.7%) were A~, B strains, and their DNA genotypes were
P8/R8 and P10/R8. Although it is not clear why the prevalence
of A~, B strains was relatively low, it may be associated with
the fact that C. difficile strains isolated from recurrent CDAD
cases made up the majority of the isolates used in this study.

It is known that certain DNA typing groups are hyperviru-
lent, such as the C. difficile BI/NAP1/027 strain (28, 35). How-
ever, no correlation between the cytotoxicity and PFGE or PCR
ribotype was observed in this study. Therefore, virulence de-
terminants may be independent of DNA typing group.

It is important to determine the current resistance status of
C. difficile and to find out the correlation between the DNA
type and antimicrobial susceptibilities. We found that all of the
isolates were susceptible to vancomycin and metronidazole,
and high rates of resistance against other antibiotics were also
observed, such as clindamycin (87.7%), ceftriaxone (93.2%),
erythromycin (87.7%), and ciprofloxacin (100%). The rates of
resistance of C. difficile isolates against these antibiotics in Eu-
rope and South Korea have been shown to be similar to the
rates obtained in this study (23, 30, 33), and high susceptibility
of C. difficile isolates to vancomycin and metronidazole has
been reported by many researchers (1, 23, 30, 33). Isolates with
PFGE types P1, P3, P4, P8, and P10 and PCR ribotypes R1, R2,
R3, R4, and R8 showed high-level resistance against clindamy-
cin, ceftriaxone, erythromycin, and ciprofloxacin. Although
our DNA typing data cannot be compared with those from
other reports, these results indicate that antibiotic selection

MIC;, (mg/liter)
PFGE type Vancomycin Metronidazole Clindamycin Ceftriaxone Erythromycin Ciprofloxacin
Pla 1.5 0.19 >256 >256 >256 >32
P1b 3 0.19 >256 >256 >256 >32
Plc 3 0.125 >256 >256 >256 >32
P1d 2 0.125 >256 >256 >256 >32
Ple 2 0.19 >256 >256 >256 >32
P1f 1.5 0.19 >256 >256 >256 >32
Plg 2 0.19 >256 >256 >256 >32
P2 1.5 0.19 2 48 0.5 6
P3 1.5 0.19 >256 >256 >256 >32
P4 2 0.19 >256 128 >256 >32
P5 2 0.25 1.5 96 0.5 12
P6 3 0.125 4 64 0.5 8
P7 1.5 0.19 2 32 0.38 6
P8 1.5 0.25 >256 192 >256 >32
P9 1.5 0.19 3 32 0.38 8
P10 1.5 0.25 >256 >256 >256 >32
P11 3 0.19 >256 64 >256 8
P12 1.5 0.125 1 32 0.38 6
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FIG 3 Spore formation rate (A), germination rate on GAM agar without sodium taurocholate (B), and germination rate on GAM agar supplemented with 0.1%

sodium taurocholate (C) of C. difficile isolates compared to PFGE subtype.

pressure may cause the selection of certain dominant DNA
typing groups, as reported by Taori et al. (42).

From the results of epidemiological studies on the antimi-
crobial susceptibilities of C. difficile isolates, it is well-known
that oral antibiotics, such as the commonly used vancomycin
and metronidazole, are the most efficacious for the treatment
of CDAD. However, approximately 20% of patients suffer a
recurrence of CDAD following cessation of antibiotic treat-
ment. Recurrences usually occur within 5 to 8 days after with-
drawal of antibiotics, but their onset can be delayed for several
weeks. Recurrence of CDAD is a serious and difficult clinical
problem in terms of prolongation of the duration of hospital-
ization and increasing treatment costs (4, 36, 40).

PFGE type P1 and PCR ribotype R2 strains were most fre-
quently found in single and relapse cases. However, there was
no correlation between DNA typing groups and infection sta-
tus, indicating that the incidence of recurrence does not de-
pend on the DNA type of isolates in cases treated with
vancomycin or metronidazole. No correlation between the sus-
ceptibility of isolates against these antibiotics and DNA typing
group was observed.

We postulated that the sporulation and germination abili-
ties of C. difficile are likely to be related to the incidence of
relapse after treatment with antibiotics due to increased persis-

tence in the intestinal tract and rapid growth prior to restora-
tion of the normal intestinal flora. Indeed, it has been reported
that epidemic strains of C. difficile produced more spores than
the nonprevalent strains and the sporulation rate was increased
by exposure to a cleaning agent or germicide (11, 44).

We found no correlation between either the sporulation or
germination rate with PFGE type, PCR ribotype, or infection
status. However, the isolates recovered from relapse cases
showed a significantly higher germination rate when incubated
on GAM agar plates without sodium taurocholate, though this
difference was not observed when taurocholate was present.
Sodium taurocholate is known to stimulate germination of C.
difficile spores (38, 46, 47), and the presence of a putative re-
ceptor for taurocholate has recently been reported (34). Com-
pared to the isolates recovered from single or reinfection cases,
relapse strains may be more sensitive to cogerminants other
than taurocholate in the test medium or may have an atypical
spore coat structure which facilitates germination.

According to Ramirez et al. (34), it is thought that the con-
centration of active taurocholate in the lower intestine is neg-
ligible due to deconjugation into taurin and cholate by the
intestinal flora and that depletion of flora by strong antibiotic
therapy may increase the concentration of active taurocholate.
Therefore, a high germination ability in the absence of coger-
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FIG 4 Spore formation rate (A), germination rate on GAM agar without sodium taurocholate (B), and germination rate on GAM agar supplemented with 0.1%
sodium taurocholate (C) of C. difficile isolates compared to infection status. S (n = 20), Rl (n = 43), and Ri (n = 10) indicate isolates from single, relapse, and
reinfection cases, respectively. Bars represent mean = SDs. Asterisks denote statistical significance (P < 0.05).
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minants such as taurocholate may contribute to the increased
reinfection rates observed in these CDAD cases. Further work
may be required to investigate the effects of other cogerminants
and intestinal concentrations of these chemicals during the
first infective episode and recurrence, but our results suggest
that the germination ability of C. difficile strains may be a po-
tential risk factor for the recurrence of CDAD.
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