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A total of 403 nonduplicate isolates of Clostridium difficile were collected at three major teaching hospitals representing north-
ern, central, and southern Taiwan from January 2005 to December 2010. Of these 403 isolates, 170 (42.2%) were presumed to be
nontoxigenic due to the absence of genes for toxins A or B or binary toxin. The remaining 233 (57.8%) isolates carried toxin A
and B genes, and 39 (16.7%) of these also had binary toxin genes. The MIC90 of all isolates for fidaxomicin and rifaximin was 0.5
�g/ml (range, <0.015 to 0.5 �g/ml) and >128 �g/ml (range, <0.015 to >128 �g/ml), respectively. All isolates were susceptible
to metronidazole (MIC90 of 0.5 �g/ml; range, <0.03 to 4 �g/ml). Two isolates had reduced susceptibility to vancomycin (MICs, 4
�g/ml). Only 13.6% of isolates were susceptible to clindamycin (MIC of <2 �g/ml). Nonsusceptibility to moxifloxacin (n � 81,
20.1%) was accompanied by single or multiple mutations in gyrA and gyrB genes in all but eight moxifloxacin-nonsusceptible
isolates. Two previously unreported gyrB mutations might independently confer resistance (MIC, 16 �g/ml), Ser416 to Ala and
Glu466 to Lys. Moxifloxacin-resistant isolates were cross-resistant to ciprofloxacin and levofloxacin, but some moxifloxacin-
nonsusceptible isolates remained susceptible to gemifloxacin or nemonoxacin at 0.5 �g/ml. This study found the diversity of
toxigenic and nontoxigenic strains of C. difficile in the health care setting in Taiwan. All isolates tested were susceptible to met-
ronidazole and vancomycin. Fidaxomicin exhibited potent in vitro activity against all isolates tested, while the more than 10% of
Taiwanese isolates with rifaximin MICs of >128 �g/ml raises concerns.

Clostridium difficile infection (CDI) is a major nosocomial
threat and may surpass methicillin-resistant Staphylococcus

aureus in some settings (28). Although the two most common
therapies for CDI, metronidazole and vancomycin, are effective in
resolving most cases (4, 7), there is concern that efficacy of met-
ronidazole is declining in recent outbreaks and that overuse of
vancomycin can lead to selection of vancomycin-resistant entero-
cocci (2, 3, 7, 30, 40). Approximately 20 to 30% of patients have
recurrence of CDI after successful treatment with metronidazole
or vancomycin. In patients with multiple recurrences, tapered
doses of vancomycin or use of a rifaximin “chaser” are sometimes
effective (4, 7, 14, 15).

Not all C. difficile strains are pathogenic. Toxigenic strains har-
bor genes carried by the pathogenicity locus (PaLoc), including
cdtA encoding enterotoxin A and cdtB encoding enterotoxin B as
well as a negative regulator of their expression, cdtC (9). Emer-
gence of a particularly virulent strain since 2000 has accounted for
increased mortality in outbreaks in Europe, Canada, and the
United States (24, 27, 29, 32, 39). This strain, restriction endonu-
clease analysis group type BI/pulsed-field gel electrophoresis type
1/PCR ribotype 027 (BI/NAP1/027), is characterized by its resis-
tance to fluoroquinolones, mutations in the cdtC gene, and ex-
pression of an ADP-ribosylating binary toxin, encoded outside the
PaLoc locus and not expressed in most toxigenic strains (31). Fur-
thermore, the link between toxin profiles, antibiotypes (including
clindamycin and quinolones), and epidemicity is important given
the emergence and epidemic spread of pathogenic strains of C.
difficile (33).

To date, BI/NAP1/027 has not been documented in Taiwan (5,

20, 25, 26). However, C. difficile clinical isolates resistant to fluo-
roquinolones have been found (26). Greater awareness in Taiwan
in the last decade has prompted retrospective and prospective sur-
veillance studies in some hospitals. Hsu et al. reported an inci-
dence of 8 cases per 1,000 patient-days in Northern Taiwan during
a 3-month period in 2003 (20). The same hospital conducted a
5-month prospective surveillance in high-risk units of the same
hospital during 2010 and found a much lower incidence of 0.45
cases per 1,000 patient-days after initiating an aggressive hand-
washing program (5, 25). In a teaching hospital in Southern Tai-
wan over a 15-month period during 2007 to 2008, a very similar
rate of 0.43 cases per 1,000 patient-days was recorded, with a
higher rate of 1.1 cases per 1,000 patient-days in the intensive care
unit (5).

We recently reported the antibiotic susceptibility profiles and
molecular epidemiology of 113 C. difficile isolates from two major
teaching hospitals in Northern and Southern Taiwan (26). In the
current study, we extend these results to the molecular and micro-
biological characterization of 403 isolates from three hospitals
representing northern, central, and southern Taiwan. Susceptibil-
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ity to clindamycin and major fluoroquinolones, a nonfluorinated
quinolone (nemonoxacin), and antibiotics used clinically against
CDI are reported and compared to genotypes for PaLoc toxins A
and B and binary toxin and mutations in the DNA gyrase A and B
genes. We also included fidaxomicin, a macrocyclic antibiotic
with high specificity for C. difficile and inhibitory activity toward
C. difficile RNA polymerase, and another RNA polymerase inhib-
itor, rifaximin, in this study.

MATERIALS AND METHODS
Bacterial isolates. A total of 403 nonduplicate isolates of C. difficile, in-
cluding 332 isolates from National Taiwan University Hospital (NTUH),
40 from National Cheng Kung University Hospital (NCKUH), and 31
from China Medical University from January 2005 to December 2010,
were obtained for analysis. These isolates were recovered from stool spec-
imens of patients with unexplained fever or concurrent gastrointestinal
symptoms, such as diarrhea, abdominal discomfort, or ileus. Not all pa-
tients were confirmed as having CDI by toxin assays.

Antimicrobial susceptibility testing. MICs of the 403 isolates to 12
antimicrobial agents were determined using the agar dilution method
recommended by the Clinical and Laboratory Standards Institute (CLSI)
(6), with the exception of daptomycin. An inoculum of 105 CFU of bac-
teria was applied to each plate of supplemented Brucella blood agar (BBL
Microbiology Systems, Cockeysville, MD) using a Steers replicator. The
plates were incubated in an anaerobic chamber for 48 h at 35°C. For
daptomycin susceptibility assays, the broth microdilution method using
Brucella broth with hemin (5 �g/ml), vitamin K1 (1 �g/ml), lysed horse
blood (5%), and calcium (50 �g/ml) was used (6). The 12 antimicrobial
agents used for susceptibility testing were obtained from their corre-
sponding manufacturers: fidaxomicin (Optimer Pharmaceuticals Inc.,
San Diego, CA); rifaximin, vancomycin, and metronidazole (Sigma, St.
Louis, MO); ciprofloxacin and moxifloxacin (Bayer Co., West Haven,
CT); levofloxacin (Daiichi Pharmaceuticals, Tokyo, Japan); gemifloxacin
(LG Chem Investments, Seoul, South Korea); nemonoxacin (TaiGen Bio-
technology, Co. Ltd., Taipei, Taiwan); daptomycin (Cubist Pharmaceuti-
cals, Lexington, MA); and tigecycline (Pfizer Inc., New York, NY).

The MIC was defined as the lowest concentration of each antimicro-
bial agent that inhibited the growth of the tested isolate. C. difficile ATCC
700057 and Bacteroides fragilis ATCC 25285 were used for quality control
for each run of susceptibility testing. The MIC interpretive breakpoints
for metronidazole, clindamycin, and moxifloxacin followed the guide-
lines recommended by the CLSI (6), and breakpoints for vancomycin

(susceptible, MIC of �2 �g/ml; and resistant, MIC of �2 �g/ml) were
those recommended by The European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) (13) (Table 1). Breakpoints are not estab-
lished for rifaximin and fidaxomicin.

Genotyping and sequencing. Presence of tcdA, tcdB, cdtA, and cdtB
genes were determined by multiplex PCR as described previously (13).
Moxifloxacin-nonsusceptible isolates (moxifloxacin MICs of �4 �g/ml)
were subjected to partial sequencing of gyrA and gyrB genes after PCR
amplification of 390-bp fragments of each (13).

RESULTS
Antimicrobial susceptibilities. Susceptibilities to 16 antimicro-
bial agents, including 4 used clinically to treat CDI (metronida-
zole, vancomycin, rifaximin, and fidaxomicin), were determined
for 403 clinical isolates of C. difficile. Susceptibilities of the test
strain C. difficile ATCC 700057 to fidaxomicin, rifaximin, vanco-
mycin, and metronidazole were with the CLSI standard ranges,
and susceptibility of B. fragilis ATCC 25285 to metronidazole was
also within the established range. Table 1 presents the ranges of
MIC values of individual isolates and MIC50 and MIC90 values for
each agent. Distribution of isolates according to susceptibility is
presented for four antibiotics for which MIC breakpoints have
been established.

Only 13.6% of isolates were fully susceptible to clindamycin,
and the MIC90 value was �256 �g/ml. Among the fluoroquino-
lones, susceptibility was lowest for levofloxacin (MIC90, 128 �g/
ml), followed by ciprofloxacin (MIC90, 64 �g/ml), gemifloxacin
(MIC90, 2 �g/ml), and moxifloxacin (MIC90, 16 �g/ml); 80% of
isolates were fully susceptible to moxifloxacin. Isolates were
more susceptible to the nonfluorinated quinolone, nemonoxacin
(MIC90, 8 �g/ml; range 0.25 to �32 �g/ml). The majority of iso-
lates were inhibited by tigecycline (MIC90, 0.06 �g/ml) and dap-
tomycin (MIC90, 1 �g/ml), although the range of MIC values was
0.06 to 8 �g/ml for daptomycin. Distribution of isolates by MIC
value is plotted in Fig. 1A for the quinolones. Susceptibility can be
ranked in order as nemonoxacin (most susceptible), moxifloxa-
cin/gemifloxacin, levofloxacin, and ciprofloxacin (least suscepti-
ble).

Two isolates (0.5%) were resistant to vancomycin (MIC, 4 �g/
ml) by EUCAST criteria, and none were resistant to metronida-

TABLE 1 In vitro susceptibilities of 403 isolates of C. difficile to fidaxomicin, rifaximin, and 10 other antimicrobial agents

Agent

MIC (�g/ml)a No. (%) of isolates

Range 50% 90% Susceptible Resistant

Fidaxomicin �0.015–0.5 0.12 0.25
Rifaximin �0.015–�128 �0.015 �128
Metronidazoleb �0.03–4 0.5 0.5 403 (100) 0 (0)
Vancomycinc 0.06–4 0.5 1 401 (99.5) 2 (0.5)
Clindamycinb 0.06–�256 8 �256 55 (13.6) 296 (73.5)
Ciprofloxacin 0.5–128 16 64
Moxifloxacinb 0.06–32 2 16 322 (79.9) 72 (17.9)
Levofloxacin 1–�128 4 128
Gemifloxacin 0.25–�32 2 32
Nemonoxacin 0.25–�32 1 8
Tigecycline �0.03–1 0.06 0.06
Daptomycin 0.06–8 1 1
a MICs were determined by the agar dilution method with the exception of daptomycin, for which the broth microdilution method was used.
b MIC breakpoints applied were those recommended for anaerobes by the Clinical and Laboratory Standards Institute (CLSI-2007, M11-A7) (6). For metronidazole, susceptible,
�8 �g/ml; resistant, � 32 �g/ml. For clindamycin, susceptible, �2 �g/ml; resistant, � 8 �g/ml. For moxifloxacin, susceptible, �2 �g/ml; resistant, � 8 �g/ml.
c For vancomycin there are no CLSI-recommended MIC breakpoints. Breakpoints are those recommended by The European Committee on Antimicrobial Susceptibility Testing
(EUCAST) (susceptible, �2 �g/ml; resistant, �2 �g/ml) (13). The two isolates resistant to vancomycin both had vancomycin MICs of 4 �g/ml.
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zole. Ninety percent of isolates were susceptible to metronidazole
at 0.5 �g/ml (range, �0.03 to 4 �g/ml), and 90% were inhibited by
vancomycin at 1 �g/ml (range, 0.06 to 4 �g/ml). Fidaxomicin
exhibited potent in vitro activities against these isolates; the range
of MIC values was �0.015 to 0.5 �g/ml, and 90% of isolates were
inhibited at 0.25 �g/ml. In contrast, there was a wide range of
MICs to rifaximin (�0.015 to �128 �g/ml; MIC90 of �128 �g/
ml): 352 (87.3%) isolates with MICs of �0.25 �g/ml, four (1.0%)
with MICs of 4 �g/ml, three (0.7%) with MICs of 128 �g/ml, and
44 (10.9%) with MICs of �128 �g/ml (Fig. 1B).

Genotypes and antimicrobial susceptibilities. Of the 403 iso-
lates, 57.8% (233/403) were potentially toxigenic by genotype,
carrying both tcdA and tcdB genes. Of those, 16.7% (39/233) also
possessed the genes for the binary toxin, cdtA and cdtB; this rep-
resents 9.6% (39/403) of all isolates (Tables 2 and 3). The remain-
ing 42.2% (170/403) of isolates did not carry the genes encoding
toxins A and B and are presumably not toxigenic. There was no
clear pattern linking antibiotic susceptibility to genotype accord-

ing to the toxin genes, with the exception that many tcdA�B�

cdtA�B� isolates were resistant to rifaximin, and the MIC90 value
was �128 �g/ml. Susceptibilities to fidaxomicin were identical
across all three genotypes, and susceptibilities to vancomycin and
metronidazole differed by no more than 2-fold between geno-
types. The 39 isolates carrying the binary toxin genes tended to be
more susceptible to clindamycin (MIC90, 32 �g/ml) than those
without cdtA and cdtB genes (MIC90, �256 �g/ml). There was no
more than a 2-fold difference in MIC90 values between genotypes
for the remaining eight agents.

For those agents with resistance breakpoints defined, results
are presented by distribution of isolates among susceptible, inter-
mediate, and resistant classes according to genotype. There was no
pattern linking resistance to genotype around the toxins A and B
and binary toxin genes, although neither of the two vancomycin-
resistant isolates carried the binary toxin genes. Isolates with re-
duced susceptibility to moxifloxacin (MIC � 4 �g/ml), as well as
the other fluoroquinolones, were found in all genotype classes:

FIG 1 Distribution of MICs among clinical isolates of C. difficile to five quinolones (A) and fidaxomicin and rifaximin (B).
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tcdA�B� cdtA�B� (10/39, 25.6%); tcdA�B� cdtA�B� (37/194,
19.1%); and tcdA�B� cdtA�B� (34/170, 20.0%).

Gyrase mutations. Of the 403 isolates, 81 (20.1%) had reduced
susceptibility to moxifloxacin (MIC � 4 �g/ml) and 72 (88.9%) of
those were fully resistant (MIC � 8�g/ml) (Table 4). All but 8 isolates
with reduced susceptibility to moxifloxacin harbored amino acid
substitutions in gyrA alone (52 isolates), gyrB alone (16 isolates), or
both (5 isolates). One had multiple gyrA mutations (at Asp81, Arg90,
Asp103, and Glu123) and a single gyrB substitution (at Asp426), and
another had 6 gyrB amino acid substitutions as well as a Thr82-to-Ile
substitution in gyrA. The most common substitution in gyrA was
Thr82 to Ile (52/57 isolates with gyrA mutations), and the most com-
mon gyrB substitution was Asp426 to Asn (9/21 isolates with gyrB
mutations). There was a high level of cross-resistance to ciprofloxacin
and levofloxacin, but some isolates remained susceptible to gemi-
floxacin or nemonoxacin at 0.5 �g/ml.

DISCUSSION

We characterized antibiotic susceptibility patterns of 403 clinical
isolates of C. difficile in Taiwan collected over a 6-year period

(2005 to 2010); around 58% of the isolates were toxigenic by
genotype. We found all 403 isolates to be fully susceptible to met-
ronidazole with MICs of �4 �g/ml. All but two isolates were sus-
ceptible to vancomycin, and only one vancomycin-resistant iso-
late was a toxigenic strain; that particular isolate carried toxin A,
toxin B, and binary toxin genes and had a MIC for vancomycin of
4 �g/ml, still orders of magnitude below fecal levels of vancomy-
cin achieved during treatment (17). No vancomycin- or metron-
idazole-resistant clones were found among 100 clinical isolates
from South Korea during 2006 to 2008 (23). Among 112 clinical
isolates cultured in China in late 2008 to early 2009, none had
reduced susceptibility to metronidazole, but two isolates had a
vancomycin MIC of 4 �g/ml (22). Our earlier study found also
that all 113 isolates of C. difficile collected in Taiwan during 2001
to 2009 were susceptible to metronidazole, but, as in this study,
some had reduced susceptibility to vancomycin (MIC, 4 �g/ml).

In this study, fidaxomicin, which has recently been approved
by the U.S. Federal Drug Administration and the European Med-
icines Agency for the treatment of CDI, had potent in vitro activity
against all the isolates tested (18). The MIC50 (0.12 �g/ml) and

TABLE 2 Pathogenicity locus and binary toxin genotypes and in vitro susceptibilities of C. difficile isolates to fidaxomicin, rifaximin, and other
antimicrobial agents

Agent

MIC (�g/ml)a

tcdA� tcdB� cdtA� cdtB�

(n � 39 isolates)
tcdA� tcdB� cdtA� cdtB�

(n � 194 isolates)
tcdA� tcdB� cdtA� cdtB�

(n � 170 isolates)

Range 50% 90% Range 50% 90% Range 50% 90%

Fidaxomicin �0.015–0.5 0.12 0.25 �0.015–0.5 0.12 0.25 �0.015–0.5 0.12 0.25
Rifaximin �0.015–2 0.015 0.015 �0.015–�128 0.015 �128 �0.015–�128 0.015 0.06
Metronidazoleb 0.12–1 0.25 1 �0.03–1 0.5 0.5 0.06–4 0.5 1
Vancomycinc 0.25–2 0.5 0.5 0.06–4 0.5 1 0.25–4 0.5 1
Clindamycinb 0.12–�256 8 32 0.5–�256 16 �256 0.06–�256 8 �256
Ciprofloxacin 8–128 8 64 4–128 16 64 0.5–128 16 64
Moxifloxacinb 1–32 2 16 0.06–32 2 16 0.5–32 2 16
Levofloxacin 2–�128 4 �128 1–�128 4 128 1–�128 4 128
Gemifloxacin 1–�32 2 �32 0.5–�32 2 16 0.25–�32 2 32
Nemonoxacin 0.25–16 1 8 0.25–�32 1 8 0.25–�32 1 8
Tigecycline �0.03–0.12 0.06 0.12 �0.03–0.5 0.06 0.06 �0.03–1 0.06 0.06
Daptomycin 0.25–4 1 2 0.06–4 0.5 1 0.06–8 0.5 1
a MICs were determined by the agar dilution method with the exception of daptomycin, for which the broth microdilution method was used.
b MIC breakpoints applied were those recommended for anaerobes by the Clinical and Laboratory Standards Institute (CLSI-2007, M11-A7) (6). For metronidazole, susceptible,
�8 �g/ml; resistant, � 32 �g/ml. For clindamycin, susceptible, �2 �g/ml; resistant, � 8 �g/ml. For moxifloxacin, susceptible, �2 �g/ml; resistant, � 8 �g/ml.
c For vancomycin there are no CLSI-recommended MIC breakpoints. Breakpoints are those recommended by The European Committee on Antimicrobial Susceptibility Testing
(EUCAST) (susceptible, �2 �g/ml; resistant, �2 �g/ml) (13). The two isolates resistant to vancomycin both had vancomycin MICs of 4 �g/ml.

TABLE 3 Susceptibility distribution of 403 clinical isolates of C. difficile by genotypes to four agents with MIC interpretive breakpoints by the
Clinical and Laboratory Standards Institute (6)

Agent

No. (%) of isolates for each genotype

tcdA� tcdB� cdtA� cdtB�

(n � 39 isolates)
tcdA� tcdB� cdtA� cdtB�

(n � 194 isolates)
tcdA� tcdB� cdtA� cdtB�

(n � 170 isolates)

Susceptible Resistant Susceptible Resistant Susceptible Resistant

Metronidazolea 39 (100) 0 (0) 194 (100) 0 (0) 170 (100) 0 (0)
Vancomycinb 39 (100) 0 (0) 193 (99) 1 (1) 169 (99) 1 (1)
Clindamycina 8 (21) 24 (62) 14 (7) 151 (78) 33 (19) 121 (71)
Moxifloxacina 29 (74) 10 (26) 157 (81) 33 (17) 136 (80) 29 (17)
a MIC breakpoints applied were those recommended for anaerobes by the Clinical and Laboratory Standards Institute (CLSI-2007, M11-A7) (6).
b For vancomycin there are no CLSI-recommended MIC breakpoints. Breakpoints are those recommended by The European Committee on Antimicrobial Susceptibility Testing
(EUCAST) (13).
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MIC90 (0.25 �g/ml) values for fidaxomicin were identical to those
found for 716 isolates from patients at enrollment in clinical trials
of fidaxomicin in North America and Europe (16). Another RNA
polymerase inhibitor, rifaximin, has been used against CDI fol-
lowing standard vancomycin therapy. We found that 10.9% of
isolates in this study were not effectively inhibited by rifaximin at
128 �g/ml. All rifaximin-resistant isolates lacked the binary toxin
genes, but some contained toxin A and toxin B genes and some
were nontoxigenic. In the same study cited for fidaxomicin, rifaxi-
min-resistant C. difficile clones were isolated in the United States,
Germany, and Italy, but not in the United Kingdom, Belgium,
France, Spain, Sweden, or Canada. That study and ours found no
evidence of cross-resistance to fidaxomicin; this is not unexpected
since the two transcriptional inhibitors interact with different re-
gions of RNA polymerase (37).

One-fifth of the isolates had reduced susceptibility to moxi-
floxacin (MIC of �4 �g/ml), with cross-resistance to ciprofloxa-
cin and levofloxacin. Some moxifloxacin-nonsusceptible isolates
were susceptible to gemifloxacin and nemonoxacin. There was no
correlation between fluoroquinolone resistance and the presence

of the binary toxin gene, two identifying characteristics of the
hypervirulent 027 strain. The first identified and most common
mutation associated with fluoroquinolone resistance in C. difficile
(1, 8, 11, 35, 36, 38) was the single most common gyrase mutation
among these fluoroquinolone reduced susceptibility isolates, gyrA
Thr82 to Ile, present in 52 isolates (64%). One other isolate had
a Thr82-to-Ala mutation, not previously reported, although a
Thr82-to-Val mutation was reported in an isolate from China
(22). Some isolates with the gyrA Thr82-to-Ile substitution alone
had low to intermediate resistance (MICs of 4 to 8 �g/ml) to
moxifloxacin in contrast to other studies that found this substitu-
tion to be associated only with high-level resistance to moxifloxa-
cin (MICs of �16 �g/ml) among isolates from France and Canada
(10, 38). The single most common gyrB substitution was Asp426
to Asn in nine isolates, which as a single substitution was associ-
ated with moxifloxacin MICs from 4 to 16 �g/ml. Asp426 to Asn
or Val substitutions have been associated with reduced fluoro-
quinolone susceptibility in several studies (10, 12, 21, 35, 38).

We also found previously unreported amino acid substitutions
in the gyrB gene, two of which apparently can independently con-

TABLE 4 MICs of quinolones and substitutions in GyrA and GyrB for 81 isolates of C. difficile with reduced susceptibility to moxifloxacin (MIC �
4 �g/ml)

No. of isolates
with indicated
MICs

MIC (�g/ml)a

No. of isolates
with indicated
amino acid
substitutions

Amino acid substitutionsb

Moxi Cipro Levo Gemi Nemo GyrA GyrB

9 4 8–32 4–�64 2–�32 0.5–8 2 Thr82 to Ile NF
1 Asp71 to Gly NF
1 Thr82 to Ala NF
5 NF NF

19 8 16–128 32–�128 0.5–32 4–�32 2 Thr82 to Ile NF
1 Asp71 to Val NF
1 Asp81 to Asn NF
7 NF Asp426 to Asn
3 NF Asp426 to Val
1 NF Glu466 to Lys
1 NF Ser416 to Ala
1 Thr82 to Ile Asp426 to Val
1 Thr82 to Ile Ser416 to Ala
1 Asp81 to Asn Asp426 to Val

Arg90 to Lys
Asp103 to Asn
Glu123 to Lys

33 16 16–128 4–�128 0.5–�32 0.5–16 27 Thr82 to Ile NF
2 NF Asp426 to Asn
1 NF Ser416 to Ala
1 NF Arg377 to Gly
1 Thr82 to Ile Ser416 to Ala
1 Thr82 to Ile Arg389 to Pro

Glu399 to Lys
Asp409 to Asn
Val423 to Phe
Arg457 to Thr
Asp465 to Tyr

20 32 16–128 64–�128 2–�32 0.5–16 17 Thr82 to Ile NF
3 NF NF

a Moxi, moxifloxacin; Cipro, ciprofloxacin; Levo, levofloxacin; Gemi, gemifloxacin; Nemo, nemonoxacin.
b NF, amino acid substitutions in gyrA or gyrB were not found.
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fer resistance to moxifloxacin and other fluoroquinolones: Ser416
to Ala and Glu466 to Lys were each found as the only gyrase amino
acid substitution in one isolate each with a MIC of 8 �g/ml. Ser416
to Ala was also identified in two other isolates which carried the
Thr82-to-Ile (gyrA) mutation as well. Six amino substitutions in
GyrB in one fluoroquinolone-resistant isolate may be silent since
they were accompanied by the GyrA Thr82-to-Ile substitution.
Site-directed mutagenesis would be required to determine
whether any of these substitutions independently or together re-
duce susceptibility to moxifloxacin; none have been reported in
fluoroquinolone-resistant C. difficile isolates before.

Of the 81 moxifloxacin-nonsusceptible isolates, eight had no
mutations in the regions of gyrA and gyrB established as being
important for susceptibility to quinolones; three of those were
resistant to moxifloxacin at 32 �g/ml, while the remaining 5 were
intermediate in susceptibility to moxifloxacin (MICs, 4 �g/ml).
We cannot rule out that other mutations outside these regions
exist in the gyrase genes. Other mechanisms of quinoline resis-
tance have been identified; a pentapeptide repeat protein encoded
by qnrA acts in trans to protect DNA gyrase from quinolone ac-
tivity (19). qnr genes are found on resistance plasmids as well as
chromosomally in some Gram-positive species, including a toxi-
genic laboratory strain of C. difficile, ATCC 9689 (19, 34).

This study describes the diversity of toxigenic and nontoxi-
genic strains of C. difficile found in the health care settings in
Taiwan. There is no evidence of increasing resistance to the anti-
biotics commonly used to treat CDI, metronidazole, and vanco-
mycin. In addition, fidaxomicin exhibited potent in vitro activity
against all isolates, while there was concerning resistance to an-
other transcription inhibitor, rifaximin.
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