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Abstract Background: Clostridium difficile infection (CDI) is a significant cause of morbidity
and mortality in both the acute care setting and the wider healthcare system. The purpose of
this study was to evaluate the in vitro activity of fidaxomicin against C. difficile isolates from a
university teaching hospital in China.
Methods: One hundred and one C. difficile isolates were collected and analyzed for toxin genes
by multiplex PCR. The toxin gene positive strains were also typed by multilocus sequence typing
(MLST) and PCR-ribotyping. The MICs of the isolates were determined against fidaxomicin,
metronidazole, vancomycin, tigecycline and moxifloxacin, by the agar dilution method.
Results: All the 101 isolates exhibited low MICs to fidaxomicin (0.032e1 mg/L), metronidazole
(0.125e1 mg/L), vancomycin (0.25e2 mg/L) and tigecycline (0.016e0.5 mg/L). Tigecycline
showed the lowest geometric mean MIC value (0.041 mg/L), followed by fidaxomicin
(0.227 mg/L), metronidazole (0.345 mg/L), and vancomycin (0.579 mg/L). About 35% of the
strains (n Z 35) were resistant to moxifloxacin, and the resistance rate to moxifloxacin for
A�BþCDT� isolates (85.0%) was much higher than that of AþBþCDT� (15.7%) and A�B�CDT�
(29.2%) isolates (P< 0.001). TheMIC values of fidaxomicin,metronidazole, vancomycin andmox-
ifloxacin against the 3 ST1 isolates were higher than for other STs. All the 28 moxifloxacin-
resistant toxigenic isolates carried a mutation either in gyrA or/and gyrB.
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Conclusion: Fidaxomicin exhibited high antimicrobial activity against all C. difficile isolates
tested, which shows promise as a new drug for treating Chinese CDI patients.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Clostridium difficile infection (CDI) is a significant cause of
morbidity and mortality in both the acute care setting and
the wider healthcare system.1,2 The global increase in the
incidence of CDI is partly driven by the emergence of
hypervirulent C. difficile strain BI/NAP1/027 (restriction
endonuclease analysis group BI, North American pulse-field
type 1, PCR ribotype 027), placing a huge financial burden
on health care systems worldwide.3 In Asian countries,
toxin A-negative toxin B positive (A�Bþ) strains are one of
the major clones spreading in hospitals.4 Furthermore,
these strains show higher drug resistance rates compared to
toxin A positive-toxin B positive (AþBþ) strains for the
antibiotics clindamycin, erythromycin, levofloxacin,
rifampicin, rifaximin and tetracycline.5,6

In China, CDI may be an underestimated problem due to
limited laboratory capacity and low awareness.7e9 Metro-
nidazole and vancomycin are the mainstay options for CDI
treatment. However, until recently, metronidazole was the
only oral antibiotic approved for the treatment of CDI in
China. And up to date, there is no oral formulation of
vancomycin for CDI treatment. Clinicians in China often
empirically treat severe CDI patients orally using a mixture
of vancomycin injection with saline or glucose solution,
leading to an uncertain therapeutic effect. In addition,
both metronidazole and vancomycin are associated with
treatment failure in about 3%e18% of patients,10 and dis-
ease recurrence in about 30%.11,12 Therefore, developing
and investigating new antibiotics for CDI treatment is of
great importance.

Fidaxomicin is a new macrocyclic bactericidal antibiotic
against C. difficile with a narrow spectrum activity against
gram-positive anaerobes, leading to less disruption of the
normal colonic anaerobic microflora.13 This drug has
recently been approved by the U.S. Federal Drug Adminis-
tration and the European Medicines Agency for the treat-
ment of CDI,14 and may be an appropriate therapy for
patients with severe or recurrent CDI.15 However, little is
known about the in vitro activity of fidaxomicin against C.
difficile isolates from China. The aim of the present study
was to investigate the in vitro activity of fidaxomicin and
four other antimicrobial agents against recent clinical C.
difficile isolates collected in Beijing, China.
Materials and methods

Bacterial isolates

A total of 101 non-duplicate C. difficile isolates, recovered
from Peking Union Medical College Hospital (PUMCH)
heng J-W, et al., High in vitro a
ina, Journal of Microbiology,
between August 2012 and July 2015, were included in the
study. The isolates were consecutively collected from fecal
specimens routinely sent to the clinical laboratory for C.
difficile culture. Fresh fecal specimens were taken from
patients aged �18 years with CDI symptoms, and for pa-
tients with multiple isolates, only the first isolate was
included.

Toxin gene detection and multilocus sequence
typing (MLST) analysis

DNA extraction and subsequent toxin gene detection was
carried out as previously described.16 Capillary sequencer-
based PCR ribotyping was performed as described by
Indra et al.17 and ribotypes were assigned by querying the
results against WEBRIBO database (https://webribo.ages.
at/). Other unknown ribotypes were serially named by
using a letter designation. MLST was performed by
sequencing seven house-keeping gene loci (adk, atpA,
dxr, glyA, recA, sodA and tpi) as previously described by
Griffiths et al.,18 and sequence types (STs) of C. difficile
isolates were determined by querying on the official web-
site (http://pubmlst.org/cdifficile/). Capillary sequencer-
based PCR ribotyping and MLST were only performed on
the toxigenic isolates.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed by the
agar dilution method according to Clinical and Laboratory
Standards Institute (CLSI) guidelines (document M11-A8).19

The following five antimicrobial agents were used: fidax-
omicin, metronidazole, vancomycin, tigecycline and moxi-
floxacin. Fidaxomicin was obtained from ZheJiang Hisun
Pharmaceutical CO.LTD (Taizhou, Zhejiang Province,
China), and the remaining antimicrobial agents were ob-
tained from National Institute for Food and Drug Control
(Beijing, China). The resistance breakpoints for fidaxomicin
have not been established, whilst the breakpoints for the
remaining drugs were based on CLSI M100-S26 (metronida-
zole, �32 mg/L; moxifloxacin, �8 mg/L), EUCAST clinical
breakpoints (vancomycin, >2 mg/L) or FDA document
(tigecycline, �16 mg/L).20,21 Bacteroides fragilis ATCC
25285 and C. difficile ATCC 700057 were used for quality
control.

Resistance gene detection

The gyrase subunits gyrA and gyrB, responsible for fluo-
roquinolone resistance, were amplified and sequenced as
previously reported by Huang et al.22 The fluoroquinolone
ctivity of fidaxomicin against Clostridium difficile isolates from a
Immunology and Infection (2017), http://dx.doi.org/10.1016/
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Table 1 Distribution of the STs, PCR-ribotypes and toxin
genes of the 77 toxigenic C. difficile isolates.

MLST PCR-ribotype Toxin gene Isolate
number

%

54 012 AþBþCDT� 13 16.9
37 017 A�BþCDT� 11 14.2
3 001 AþBþCDT� 9 11.7
81 A A�BþCDT� 9 11.7
2 014/020 AþBþCDT� 8 10.4
35 046 AþBþCDT� 6 7.8
8 002 AþBþCDT� 3 3.9

B 1 1.3
C 1 1.3

42 106 AþBþCDT� 4 5.2
1 027 AþBþCDTþ 2 2.6

D 1 1.3
5 063 AþBþCDTþ 3 3.9
55 070 AþBþCDT� 2 2.6
91 E AþBþCDT� 1 1.3
129 F AþBþCDT� 1 1.3
286 G AþBþCDT� 1 1.3
289 H AþBþCDT� 1 1.3
Total 77 100
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resistance gene was only detected in toxin gene positive
and moxifloxacin resistant isolates.

Statistical analyses

Statistical analyses were performed using SPSS software
(version 17.0, IBM, New York, USA). The chi-square test was
applied to compare categorical variables. The level of
statistical significance was defined as P < 0.05.

Results

Toxin gene detection

Of the 101 strains studied, 51 (50.5%) were tcdA-positive,
tcdB-positive and cdtA/cdtB-negative (AþBþCDT�), 20
(19.8%) were tcdA-negative, tcdB-positive and cdtA/cdtB-
negative (A�BþCDT�), 6 (5.9%) isolates were tcdA-posi-
tive, tcdB-positive and cdtA/cdtB-positive (AþBþCDTþ),
while the remaining 24 (23.8%) isolates were tcdA-negative,
tcdB-negative and cdtA/cdtB-negative (A�B�CDT�).

MLST and PCR-ribotype

MLST was performed on the 77 toxigenic C. difficile iso-
lates. Fifteen STs and 18 ribotypes (RTs) were identified,
and ST 54/RT 012 was the most common (n Z 13, 16.9%),
followed by ST 37/RT 017 (n Z 11, 14.3%), ST 3/RT 001 and
ST 81/RT A (nZ 9, 11.7% each). The relationship among the
STs, PCR-ribotypes and toxin genes of the 77 toxigenic C.
difficile isolates was shown in Table 1.

Antimicrobial susceptibility

All the 101 strains were sensitive to metronidazole, van-
comycin and tigecycline, with MIC90 values of 0.5, 1 and
0.064 mg/L, respectively (Table 2). About 35% of the strains
(n Z 35) were resistant to moxifloxacin. Tigecycline
showed the lowest geometric mean (GM) MIC value
(0.041 mg/L), followed by fidaxomicin (0.227 mg/L),
metronidazole (0.345 mg/L), vancomycin (0.579 mg/L), and
moxifloxacin (3.22 mg/L). The rate of moxifloxacin resis-
tance was much higher among A�BþCDT� isolates (85.0%)
than among AþBþCDT� (15.7%) and A�B�CDT� (29.2%)
isolates (P < 0.001). However, the GM MIC value of fidax-
omicin against A�BþCDT� isolates (0.171 mg/L) was lower
than that of AþBþCDT� (0.241 mg/L) and A�B�CDT�
(0.258 mg/L) isolates (Table 2). Among the six
AþBþCDTþ isolates, the MIC values for fidaxomicin,
metronidazole, vancomycin and moxifloxacin against the 3
ST 1 isolates, were higher than that of the 3 ST 5 isolates
(Table 3).

Genes and mutations conferring moxifloxacin
resistance

In order to investigate the mechanism of moxifloxacin
resistance, gyrA and gyrB genes were amplified and
sequenced on the 28 toxin gene positive and moxifloxacin
resistant isolates. All the isolates carried a mutation either
Please cite this article in press as: Cheng J-W, et al., High in vitro ac
university teaching hospital in China, Journal of Microbiology,
j.jmii.2017.06.007
in gyrA or/and gyrB (Table 4). Twelve isolates exhibited
mutations in gyrA only, 2 in gyrB only, and the rest in both
gyrA and gyrB. Overall, only one type of amino acid sub-
stitution in gyrA (Thr82/Ile) and three different types of
substitutions in gyrB (Ser366/Ala, Asp426/Asn and Asp-
426/Val), were identified. Mutations in gyrA (Thr82/Ile)
and gyrB (Ser366/Ala, Asp426/Val) were identified in 5
of the 7 ST 81/RT A isolates, while gyrA (Thr82/Ile) and
gyrB (Ser366/Ala) were identified in 9 of the 10 ST 37/RT
017 isolates.

Discussion

While the developed world has seen a significant increase in
the number of scientific articles on CDI, the developing
world including China, still lags behind on this subject. This
may be attributed to low awareness of the CDI problem and
limited laboratory capacity and surveillance in developing
countries.7e9 Recently, our group proposed a practical
workflow for CDI diagnosis, compared different molecular
typing methods, and described the first two ribotype 027
isolates in Beijing.5,9,16 In this study, we performed anti-
microbial susceptibility tests on C. difficile isolates from
one hospital in China, against fidaxomicin and four other
antimicrobial agents, which may provide some foundations
for clinical treatment of CDI.

According to the Society for Healthcare Epidemiology of
America (SHEA) and the Infectious Diseases Society of
America (IDSA) guidelines,23 metronidazole is the drug of
choice for the initial episode of mild-to-moderate CDI,
while vancomycin is the drug of choice for an initial episode
of severe CDI. In this study, all the isolates were sensitive to
metronidazole and vancomycin. However, recurrence oc-
curs in approximately 30% of cases treated with metroni-
dazole or vancomycin,11,12 and patients with at least one
tivity of fidaxomicin against Clostridium difficile isolates from a
Immunology and Infection (2017), http://dx.doi.org/10.1016/



Table 2 MICs of fidaxomicin, metronidazole, vancomycin, tigecycline and moxifloxacin for 101 C. difficile isolates.

Toxin type (n) Antimicrobial agent MIC (mg/L) R %

Range MIC50 MIC90 GM

Overall total (101) Fidaxomicin 0.032e1 0.25 0.5 0.227 e

Metronidazole 0.125e1 0.25 0.5 0.345 0
Vancomycin 0.25e2 0.5 1 0.579 0
Tigecycline 0.016e0.5 0.032 0.064 0.041 0
Moxifloxacin 0.5e64 2 16 3.22 34.7

AþBþCDT� (51) Fidaxomicin 0.064e1 0.25 0.5 0.241 e

Metronidazole 0.125e0.5 0.5 0.5 0.346 0
Vancomycin 0.25e2 0.5 1 0.605 0
Tigecycline 0.016e0.5 0.032 0.064 0.041 0
Moxifloxacin 1e16 1 8 1.77 15.7

A�BþCDT� (20) Fidaxomicin 0.032e0.5 0.25 0.5 0.171 e

Metronidazole 0.125e1 0.25 1 0.354 0
Vancomycin 0.25e1 0.5 1 0.518 0
Tigecycline 0.032e0.064 0.032 0.064 0.042 0
Moxifloxacin 1e64 16 64 17.753 85.0

A�B�CDT� (24) Fidaxomicin 0.064e0.5 0.25 0.5 0.258 e

Metronidazole 0.125e0.5 0.25 0.5 0.324 0
Vancomycin 0.25e1 0.5 1 0.5 0
Tigecycline 0.032e0.5 0.032 0.157 0.043 0
Moxifloxacin 1e16 2 16 2.748 29.2

Table 3 MICs of fidaxomicin, metronidazole, vancomycin, tigecycline and moxifloxacin for 6 AþBþCDTþ C. difficile isolates.

Strain no. MIC (mg/L) MLST PCR-ribotype

Fidaxomicin Metronidazole Vancomycin Tigecycline Moxifloxacin

40 0.25 1 2 0.016 32 1 D
301 1 1 1 0.032 16 1 027
235 1 1 2 0.032 16 1 027
2 0.125 0.125 0.5 0.032 1 5 063
5 0.25 0.125 0.5 0.032 1 5 063
196 0.064 0.125 0.5 0.032 2 5 063
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episode of recurrent CDI have a 45%e65% chance of addi-
tional episodes.24

Some studies have indicated that fidaxomicin has similar
clinical cure rates to vancomycin and lower recurrence
rates for CDI treatment.25,26 Our findings on the in vitro
activity data for fidaxomicin, specifically the MICs, is
similar with those published by the U.S-based national
sentinel surveillance study and another different USA
study.27,28 In contrast to the above, the fidaxomicin MICs
reported in the present study are higher than that of the
recently published pan-European surveillance program, and
the ones reported in Spain, Sweden, Hungary and
Taiwan.29e33 To date, fidaxomicin has not been approved
by China Food and Drug Administration for the treatment of
CDI, and more studies involving multicentres are needed to
investigate the clinical treatment outcome for Chinese CDI
patients.

In the present study, tigecycline exhibited good in vitro
activity against different toxin genotypes of C. difficile
isolates with the lowest MIC value compared to other an-
tibiotics. Intravenous tigecycline has only been used in a
Please cite this article in press as: Cheng J-W, et al., High in vitro a
university teaching hospital in China, Journal of Microbiology,
j.jmii.2017.06.007
small number of patients with severe CDI refractory to
standard therapy.34 According to the European Society of
Clinical Microbiology and Infectious Diseases (ESCMID)
guidelines,35 intravenous tigecycline is only recommended
as salvage therapy. In the present study, A�BþCDT�
strains, which are the most common C. difficile epidemic
clones in China, Japan and Korea,5,36,37 exhibited higher
moxifloxacin drug resistance rates than AþBþCDT� and
A�B�CDT� strains. In addition, the three ST 1 isolates
showed higher MIC values for fidaxomicin, metronidazole,
vancomycin and moxifloxacin, highlighting the significance
of establishing a local surveillance network for CDI. How-
ever, it is worth mentioning that A�B�CDT� isolates have
no pathogenic role in causing human disease, and treat-
ment for such isolates in the stool of symptomatic patients
is not suggested.

The gyrA and gyrB mutations were the principal mech-
anism conferring fluoroquinolone resistance in C. difficile in
the present study. All the moxifloxacin-resistant isolates
carried a mutation either in gyrA or gyrB or both. This
finding is in agreement with those of two studies performed
ctivity of fidaxomicin against Clostridium difficile isolates from a
Immunology and Infection (2017), http://dx.doi.org/10.1016/



Table 4 Molecular characterization of the 28 moxifloxacin-resistant toxigenic C. difficile strains.

Isolate Toxin genotype MLST PCR-ribotype Moxifloxacin
MIC (mg/L)

Amino acid substitution

GyrA GyrB

40 AþBþCDTþ 1 D 32 Thr82/Ile
235 AþBþCDTþ 1 027 16 Thr82/Ile
301 AþBþCDTþ 1 027 16 Thr82/Ile
119 AþBþCDT� 3 001 16 Thr82/Ile
232 AþBþCDT� 3 001 8 Asp426/Asn
603 AþBþCDT� 3 001 16 Thr82/Ile
604 AþBþCDT� 8 002 8 Asp426/Asn
608 AþBþCDT� 8 002 8 Thr82/Ile
612 AþBþCDT� 8 002 8 Thr82/Ile
211 AþBþCDT� 35 046 16 Thr82/Ile
308 AþBþCDT� 35 046 16 Thr82/Ile
8 A�BþCDT� 37 017 16 Thr82/Ile
77 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
88 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
268 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
276 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
303 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
327 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
377 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
402 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
610 A�BþCDT� 37 017 16 Thr82/Ile Ser366/Ala
4 A�BþCDT� 81 A 64 Thr82/Ile Ser366/Ala, Asp426/Val
10 A�BþCDT� 81 A 64 Thr82/Ile
83 A�BþCDT� 81 A 64 Thr82/Ile Ser366/Ala, Asp426/Val
96 A�BþCDT� 81 A 64 Thr82/Ile
103 A�BþCDT� 81 A 64 Thr82/Ile Ser366/Ala, Asp426/Val
150 A�BþCDT� 81 A 64 Thr82/Ile Ser366/Ala, Asp426/Val
218 A�BþCDT� 81 A 64 Thr82/Ile Ser366/Ala, Asp426/Val
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by Huang, Dong et al. in Shanghai, China.22,38 The gyrA
substitution occurred more frequently than gyrB, and one
type of substitution in gyrA (Thr82/Ile) was observed in
the present investigation. Furthermore, double sub-
stitutions in gyrB were associated with a higher fluo-
roquinolone MIC (64 mg/L).

In conclusion, this study integrated the molecular
epidemiology and antimicrobial activity of fidaxomicin
against C. difficile isolates in mainland China. Fidaxomicin
exhibited high antimicrobial activity against all C. difficile
isolates tested, which shows promise as a new drug for
treating Chinese CDI patients.

Conflicts of interest

All contributing authors declare no financial interests
related to the material in the manuscript.

Acknowledgments

This study was supported by PUMC Youth Fund and the
Fundamental Research Funds for the Central Universities
(2017320028), The Natural Science Foundation of China
(81501807), Beijing Outstanding Talents Cultivation Program
(2015000020124G071) and ZheJiang Hisun Pharmaceutical
Co., LTD.
Please cite this article in press as: Cheng J-W, et al., High in vitro ac
university teaching hospital in China, Journal of Microbiology,
j.jmii.2017.06.007
References

1. Kelly CP, LaMont JT. Clostridium difficileemore difficult than
ever. N Engl J Med 2008;359:1932e40.

2. Rupnik M, Wilcox MH, Gerding DN. Clostridium difficile infec-
tion: new developments in epidemiology and pathogenesis. Nat
Rev Microbiol 2009;7:526e36.

3. He M, Miyajima F, Roberts P, Ellison L, Pickard DJ, Martin MJ,
et al. Emergence and global spread of epidemic healthcare-
associated Clostridium difficile. Nat Genet 2013;45:109e13.

4. Collins DA, Hawkey PM, Riley TV. Epidemiology of Clostridium
difficile infection in Asia. Antimicrob Resist Infect Control
2013;2:21.

5. Cheng JW, Xiao M, Kudinha T, Kong F, Xu ZP, Sun LY, et al.
Molecular epidemiology and antimicrobial susceptibility of
Clostridium difficile isolates from a university teaching hos-
pital in China. Front Microbiol 2016;7:1621.

6. Gao Q, Wu S, Huang H, Ni Y, Chen Y, Hu Y, Yu Y. Toxin profiles,
PCR ribotypes and resistance patterns of Clostridium difficile:
a multicentre study in China, 2012-2013. Int J Antimicrob
Agents 2016;48:736e9.

7. Hawkey PM, Marriott C, Liu WE, Jian ZJ, Gao Q, Ling TK, et al.
Molecular epidemiology of Clostridium difficile infection in a
major Chinese hospital: an underrecognized problem in Asia? J
Clin Microbiol 2013;51:3308e13.

8. Chen X, Lamont JT. Overview of Clostridium difficile infection:
implications for China. Gastroenterol Rep (Oxf) 2013;1:153e8.

9. Cheng JW, Xiao M, Kudinha T, Xu ZP, Hou X, Sun LY, et al. The
first two Clostridium difficile ribotype 027/ST1 isolates
tivity of fidaxomicin against Clostridium difficile isolates from a
Immunology and Infection (2017), http://dx.doi.org/10.1016/

http://refhub.elsevier.com/S1684-1182(17)30120-2/sref1
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref1
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref1
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref1
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref2
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref2
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref2
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref2
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref3
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref3
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref3
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref3
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref4
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref4
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref4
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref5
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref5
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref5
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref5
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref6
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref6
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref6
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref6
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref6
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref7
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref7
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref7
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref7
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref7
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref8
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref8
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref8
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref9
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref9


6 J.-W. Cheng et al.

+ MODEL
identified in Beijing, China-an emerging problem or a Neglec-
ted threat? Sci Rep 2016;6:18834.

10. Aslam S, Hamill RJ, Musher DM. Treatment of Clostridium
difficile-associated disease: old therapies and new strategies.
Lancet Infect Dis 2005;5:549e57.

11. Gerding DN, Johnson S. Management of Clostridium difficile
infection: thinking inside and outside the box. Clin Infect Dis
2010;51:1306e13.

12. Zar FA, Bakkanagari SR, Moorthi KM, Davis MB. A comparison of
vancomycin and metronidazole for the treatment of Clos-
tridium difficile-associated diarrhea, stratified by disease
severity. Clin Infect Dis 2007;45:302e7.

13. Venugopal AA, Johnson S. Fidaxomicin: a novel macrocyclic
antibiotic approved for treatment of Clostridium difficile
infection. Clin Infect Dis 2012;54:568e74.

14. Hardesty JS, Juang P. Fidaxomicin: a macrocyclic antibiotic for
the treatment of Clostridium difficile infection. Pharmaco-
therapy 2011;31:877e86.

15. Cornely OA, Nathwani D, Ivanescu C, Odufowora-Sita O,
Retsa P, Odeyemi IA. Clinical efficacy of fidaxomicin compared
with vancomycin and metronidazole in Clostridium difficile
infections: a meta-analysis and indirect treatment comparison.
J Antimicrob Chemother 2014;69:2892e900.

16. Cheng JW, Xiao M, Kudinha T, Xu ZP, Sun LY, Hou X, et al. The
role of glutamate dehydrogenase (GDH) testing Assay in the
diagnosis of Clostridium difficile infections: a high sensitive
screening test and an essential step in the proposed laboratory
diagnosis workflow for developing countries like China. PLoS
One 2015;10, e0144604.

17. Indra A, Huhulescu S, Schneeweis M, Hasenberger P,
Kernbichler S, Fiedler A, et al. Characterization of Clostridium
difficile isolates using capillary gel electrophoresis-based PCR
ribotyping. J Med Microbiol 2008;57:1377e82.

18. Griffiths D, Fawley W, Kachrimanidou M, Bowden R, Crook DW,
Fung R, et al. Multilocus sequence typing of Clostridium
difficile. J Clin Microbiol 2010;48:770e8.

19. CLSI. Methods for antimicrobial susceptibility testing of anaer-
obic bacteria; approved standard-eighth edition, M11eA8. 2012.

20. CLSI. Performance standards for antimicrobial susceptibility
testing; twenty-fifth informational supplement, M100eS26.
2016.

21. EUCAST. Breakpoint tables for interpretation of MICs and zone
diameters, v6.0. 2016. 2016.

22. Huang H, Wu S, Wang M, Zhang Y, Fang H, Palmgren AC, et al.
Clostridium difficile infections in a Shanghai hospital: antimi-
crobial resistance, toxin profiles and ribotypes. Int J Anti-
microb Agents 2009;33:339e42.

23. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG,
McDonald LC, et al. Clinical practice guidelines for Clostridium
difficile infection in Adults: 2010 update by the society for
healthcare epidemiology of America (SHEA) and the infectious
diseases society of America (IDSA). Infect Control Hosp Epi-
demiol 2010;31:431e55.

24. Mcfarland LV. Alternative treatments for Clostridium difficile
disease: what really works? J Med Microbiol 2005;54:101e11.

25. Cornely OA, Crook DW, Esposito R, Poirier A, Somero MS,
Weiss K, et al. Fidaxomicin versus vancomycin for infection
Please cite this article in press as: Cheng J-W, et al., High in vitro a
university teaching hospital in China, Journal of Microbiology,
j.jmii.2017.06.007
with Clostridium difficile in Europe, Canada, and the USA: a
double-blind, non-inferiority, randomised controlled trial.
Lancet Infect Dis 2012;12:281e9.

26. Louie TJ, Miller MA, Mullane KM, Weiss K, Lentnek A, Golan Y,
et al. Fidaxomicin versus vancomycin for Clostridium difficile
infection. N Engl J Med 2011;364:422e31.

27. Snydman DR, McDermott LA, Jacobus NV, Thorpe C, Stone S,
Jenkins SG, et al. U.S.-Based national sentinel surveillance
study for the epidemiology of Clostridium difficile-Associated
diarrheal isolates and their susceptibility to fidaxomicin.
Antimicrob Agents Chemother 2015;59:6437e43.

28. Goldstein EJC, Citron DM, Tyrrell KL, Merriam CV. Comparative
in vitro Activities of SMT19969, a new antimicrobial agent,
against Clostridium difficile and 350 gram-positive and gram-
negative Aerobic and anaerobic intestinal flora isolates. Anti-
microb Agents Chemother 2013;57:4872e6.

29. Freeman J, Vernon J, Morris K, Nicholson S, Todhunter S,
Longshaw C, et al. Pan-European longitudinal surveillance of
antibiotic resistance among prevalent Clostridium difficile
ribotypes. Clin Microbiol Infect 2015;21:248.

30. Reigadas E, Alcala L, Marin M, Pelaez T, Martin A, Iglesias C,
et al. In vitro activity of surotomycin against contemporary
clinical isolates of toxigenic Clostridium difficile strains
obtained in Spain. J Antimicrob Chemother 2015;70:
2311e5.

31. Liao CH, Ko WC, Lu JJ, Hsueh PR. Characterizations of Clinical
Isolates of Clostridium difficile by toxin genotypes and by
susceptibility to 12 antimicrobial agents, including fidaxomicin
(OPT-80) and rifaximin: a multicenter study in Taiwan. Anti-
microb Agents Chemother 2012;56:3943e9.

32. Eitel Z, Terhes G, Soki J, Nagy E, Urban E. Investigation of the
MICs of fidaxomicin and other antibiotics against Hungarian
Clostridium difficile isolates. Anaerobe 2015;31:47e9.

33. Rashid MU, Dalhoff A, Weintraub A, Nord CE. In vitro activity of
MCB3681 against Clostridium difficile strains. Anaerobe 2014;
28:216e9.

34. Herpers BL, Vlaminckx B, Burkhardt O, Blom H, Biemond-
Moeniralam HS, Hornef M, et al. Intravenous tigecycline as
adjunctive or alternative therapy for severe refractory Clos-
tridium difficile infection. Clin Infect Dis 2009;48:1732e5.

35. Debast SB, Bauer MP, Kuijper EJ. European Society of Clinical
M, Infectious D. European society of clinical microbiology and
infectious diseases: update of the treatment guidance docu-
ment for Clostridium difficile infection. Clin Microbiol Infect
2014;20(Suppl 2):1e26.

36. Kuwata Y, Tanimoto S, Sawabe E, Shima M, Takahashi Y,
Ushizawa H, et al. Molecular epidemiology and antimicrobial
susceptibility of Clostridium difficile isolated from a university
teaching hospital in Japan. Eur J Clin Microbiol Infect Dis 2015;
34:763e72.

37. Jieun K, Hyunjoo P, Mi-ran S, Jung OK. Clinical and microbio-
logic characteristics of tcdA negative variant Clostridium
difficile infections. BMC Infect Dis 2012;12:109.

38. Dong D, Zhang L, Chen X, Jiang C, Yu B, Wang X, et al. Anti-
microbial susceptibility and resistance mechanisms of clinical
Clostridium difficile from a Chinese tertiary hospital. Int J
Antimicrob Agents 2013;41:80e4.
ctivity of fidaxomicin against Clostridium difficile isolates from a
Immunology and Infection (2017), http://dx.doi.org/10.1016/

http://refhub.elsevier.com/S1684-1182(17)30120-2/sref9
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref9
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref10
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref10
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref10
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref10
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref11
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref11
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref11
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref11
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref12
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref12
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref12
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref12
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref12
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref13
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref13
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref13
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref13
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref14
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref14
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref14
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref14
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref15
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref15
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref15
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref15
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref15
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref15
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref16
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref16
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref16
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref16
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref16
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref16
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref17
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref17
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref17
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref17
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref17
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref18
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref18
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref18
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref18
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref19
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref19
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref19
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref20
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref20
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref20
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref20
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref21
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref21
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref22
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref22
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref22
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref22
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref22
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref23
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref24
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref24
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref24
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref25
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref25
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref25
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref25
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref25
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref25
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref26
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref26
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref26
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref26
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref27
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref27
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref27
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref27
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref27
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref27
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref28
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref28
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref28
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref28
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref28
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref28
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref29
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref29
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref29
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref29
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref30
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref30
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref30
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref30
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref30
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref30
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref31
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref31
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref31
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref31
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref31
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref31
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref32
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref32
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref32
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref32
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref33
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref33
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref33
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref33
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref34
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref34
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref34
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref34
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref34
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref35
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref35
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref35
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref35
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref35
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref35
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref36
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref36
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref36
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref36
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref36
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref36
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref37
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref37
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref37
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref38
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref38
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref38
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref38
http://refhub.elsevier.com/S1684-1182(17)30120-2/sref38

	High in vitro activity of fidaxomicin against Clostridium difficile isolates from a university teaching hospital in China
	Introduction
	Materials and methods
	Bacterial isolates
	Toxin gene detection and multilocus sequence typing (MLST) analysis
	Antimicrobial susceptibility testing
	Resistance gene detection
	Statistical analyses

	Results
	Toxin gene detection
	MLST and PCR-ribotype
	Antimicrobial susceptibility
	Genes and mutations conferring moxifloxacin resistance

	Discussion
	Conflicts of interest
	Acknowledgments
	References


