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Background: Antimicrobial susceptibility testing (AST) of Clostridium difficile is increasingly
important because of the rise in resistant strains. The standard medium for the AST of C.
difficile is supplemented Brucella agar (sBA), but we found that the growth of C. difficile
on sBA was not optimal. Because active growth is critical for reliable AST, we developed a
new, modified C. difficile (mCD) agar. C. difficile grew better on mCD agar than on sBA.

Methods: C. difficile isolates were collected from patients with healthcare-associated diar-
rhea. sBA medium was prepared according to the CLSI guidelines. Homemade mCD agar
containing taurocholate, L-cysteine hydrochloride, and 7% horse blood was used. For 171
C. difficile isolates, we compared the agar dilution AST results from mCD agar with those
from sBA.

Results: No significant differences were observed in the 50% minimal inhibitory concentra-
tion (MICso) and 90% minimal inhibitory concentration (MICso) of clindamycin (CLI), metro-
nidazole (MTZ), moxifloxacin (MXF), piperacillin-tazobactam (PTZ), and rifaximin (RIX), but
the values for vancomycin (VAN) were two-fold higher on mCD agar than on sBA. The
MICs of CLI, MXF, and RIX were in 100% agreement within two-fold dilutions, but for MTZ,
VAN, and PTZ, 13.7%, 0.6%, and 3.1% of the isolates, respectively, were outside the ac-
ceptable range.

Conclusions: The MIC ranges, MICso and MICqo, were acceptable when AST was per-
formed on mCD agar. Thus, mCD agar could be used as a substitute medium for the AST
of C. difficile.
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INTRODUCTION

Clostridium difficile is the most common cause of antibiotic-as-
sociated diarrhea. As the name implies, culture of this anaero-
bic pathogen is sometimes difficult, and the likelihood of isola-
tion can be affected by factors, such as the quality of the anaer-
obic conditions, specimen treatment method, skill of personnel,
and culture media [1, 2]. Active growth is especially critical in
situations where rapid and confluent growth of a microorganism
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is essential, as it is for antimicrobial susceptibility testing (AST).
The first-line antimicrobial for the treatment of mild C. difficile-
associated diarrhea (CDAD) has been metronidazole (MTZ), but
for severe CDAD, vancomycin (VAN) is recommended as the
first-line agent [3]. The recent emergence of hypervirulent C. dif-
ficile strains associated with high relapse and mortality rates [4, 5]
calls for AST for epidemiologic purposes and in individual cases
of treatment failure. Occasional reports of MTZ- or VAN-resistant
C. difficile isolates [6, 7] and the increase in non-susceptible iso-
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lates also support the need for AST of this anaerobic organism.

The anaerobe working group of the CLSI recommends the
agar dilution method with supplemented Brucella agar (sBA) as
the reference method for C. difficile AST and the gradient method
(Etest) for clinical laboratories [8]. The addition of sodium tauro-
cholate to the culture medium has been reported to increase
the recovery of C. difficile from stool specimens [9]. Cysteine
hydrochloride has also been used as a growth supplement for
the isolation of C. difficile [10]. We recently had trouble in sub-
culturing deep-frozen C. difficile strains on commercially pre-
pared C. difficile selective agar (BBL Clostridium difficile Selec-
tive Agar; BD Diagnostics, Sparks, MD, USA). Therefore, we
modified the C. difficile agars by adding 0.1% taurocholate and
0.05% cysteine hydrochloride and found that the C. difficile col-
onies grew larger and faster on the modified C. difficile (mCD)
agar than on the prepared C. difficile agar. We extended our pi-
lot study to sBA, which is the standard medium for AST of C.
difficile according to CLSI guidelines. The interpretation of Etest
results was easier with mCD agar than with sBA, because growth
on mCD agar was more confluent than on sBA. To apply our
preliminary observations on the standard agar dilution method
for C. difficile, the AST results from mCD agar were compared
with those from the CLSI-recommended sBA for 171 clinical
isolates of C. difficile.

METHODS

1. Isolation of C. difficile

Stool specimens were collected from patients with healthcare-
associated diarrhea admitted to Hanyang University Guri Hospi-
tal in Guri, South Korea, from September 2008 to January 2010.
After alcohol shock treatment, specimens were inoculated on
Clostridium difficile Selective Agar (Oxoid Ltd., Cambridge, UK)
supplemented with cycloserine, cefoxitin, and 7% horse blood.
Specimens were cultured anaerobically for 72 hr. Colonies of C.
difficile were identified with an API RapidlD 32A system (bio-
Mérieux SA, Lyon, France), and toxigenic isolates were stored in
a -70°C deep freezer. A total of 171 C. difficile isolates were col-
lected and used for the study. This study was approved by the
institutional review board of Hanyang University Guri Hospital
(HYUGH IRB 2013-24).

2. Antimicrobial susceptibility tests

sBA (BBL Brucella Agar, Dehydrated; BD Diagnostics) contain-
ing hemin (5 pg/mL), vitamin K1 (10 pg/mL), and 5% sheep
blood is recommended for the AST of C. difficile by the CLSI.
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Homemade mCD agar (Clostridium difficile Agar Base; Oxoid
Ltd., Hampshire, England) containing taurocholate (0.1%), L-
cysteine hydrochloride (0.05%; Sigma-Aldrich, Buchs SF, Swit-
zerland), and 7% horse blood was compared to sBA for the AST
of the 171 C. difficile isolates.

The six antimicrobial agents used in the AST were MTZ, VAN,
clindamycin (CLI), moxifloxacin (MXF), piperacillin-tazobactam
(PTZ), and rifaximin (RIX). Five of the antibiotics (MTZ, VAN,
MXF, PTZ, and RIX) were added to sBA and mCD agar to make
AST agar plates containing various concentrations of antibiotics.

After thawing, stock strains were subcultured twice and sus-
pended in saline to 1 McFarland turbidity unit. The minimum
inhibitory concentrations (MICs) of the antibiotics were deter-
mined by the agar dilution method for the AST of anaerobic bac-
teria suggested by CLSI [8]. However, the MIC of CLI was deter-
mined by Etest [11], because the CLI AST was added after
completing the ASTs for MTZ, VAN, MXF, PTZ, and RIX.

Bacterial suspensions were inoculated with a 36-pin replica-
tor onto sBA and mCD agar containing various concentrations
of antimicrobials. After incubation in an anaerobic chamber
(SHEL LAB Bactron Anaerobic Chamber; Sheldon Manufactur-
ing Inc., Cornelius, OR, USA) at 37°C for 48 hr, we determined
the MICs of C. difficile isolates according to the CLSI guidelines.
C. difficile ATCC 700057 was used as a QC strain for each ex-
periment, and the results were accepted only when the QC re-
sults were within an acceptable range. The MICs of CLI were
determined by Etest (bioMérieux, Craponne, France) with the
same media and inocula.

3. Statistical analysis

Results were analyzed by using SAS version 9.2 (SAS Institute
Inc., Cary, NC, USA), and two-sample t-tests were used to com-
pare the geometric means (geomean) of the MIC values. The
geomean for an MIC is a transformed datum derived by using
logarithms to generate a normal distribution [12]. Statistical sig-
nificance was set at P<0.05. A very major error was recorded
when an isolate was susceptible on mCD agar and resistant on
sBA (false susceptible), and a major error was recorded when
an isolate was susceptible on sBA but resistant on mCD agar
(false resistant).

RESULTS

Fig. 1 presents the MIC distributions of the six antimicrobial
agents against the 171 clinical isolates of C. difficile on sBA and
mCD agar. The MIC distributions of MTZ, VAN, and PTZ were
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unimodal, whereas those of CLI, MXF, and RIX were bimodal
(Fig. 1).

There were no significant differences in the MICso and MICao
of MTZ, CLI, MXF, and PTZ on sBA versus mCD agar, but the
MICso and MICg for VAN were two-fold higher on mCD agar (Ta-
ble 1). A two-fold difference in the MIC for VAN was considered
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within the acceptable range for QC strains in agar dilution tests
according to the CLSI standard M11-A8.

The percent agreement of the MIC results for the six antimi-
crobials on sBA and mCD agar is shown in Table 2. The two-
fold dilution MICs for CLI, MXF, and RIX were in 100% agree-
ment, but 13.7%, 0.6%, and 3.1% of the isolates were outside
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Fig. 1. Distribution of the minimum inhibitory concentrations (MIC) (x-axis, units are pg/mL) of six antimicrobial agents against the 171
clinical isolates of Clostridium difficile on supplemented Brucella agar (gray bars) and modified CD agar (black bars). The dotted lines rep-
resent the breakpoints for the antimicrobials, with the exception of rifaximin, which does not presently have breakpoint criteria.
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Table 1. The minimum inhibitory concentrations (MIC) range, MICso, MICs, and geometric mean MIC of the six antimicrobial agents
against the 171 Clostridium difficile isolates determined by the agar dilution method on supplemented Brucella agar (sBA) and modified C.

difficile (mCD) agar

L . MIC (ug/mL) .
Antimicrobials Media Geometric mean MIC P
Range MICso MICgo

Clindamycin* sBA 1-256 >256 >256 55.46 0.7619
mCD 1.5-256 >256 >256 51.18

Metronidazole sBA 0.25-4 1 2 0.84 0.0089
mCD 0.06-8 0.5 4 0.61

Moxifloxacin sBA 0.5-128 16 64 8.18 0.3793
mCD 0.5-128 16 32 6.99

Piperacillin-Tazobactam sBA 1-64 16 16 11.53 < 0.0001
mCD 4-64 16 32 15.93

Rifaximin sBA 0.0007-8 0.007 >3 0.03 0.5893
mCD 0.0015-8 0.015 >8 0.04

Vancomycin sBA 0.125-4 1 2 0.98 < 0.0001
mCD 1-8 4 8 3.73

*The clindamycin MIC was determined by E test.

Table 2. Percent agreement for MIC results in double dilution differences for the six antimicrobial agents against 171 clinical isolates of
Clostridium difficile on supplemented Brucella agar and modified C. difficile agar

Doubling dilution

Piperacillin-

differences Clindamycin Metronidazole Moxifloxacin Tazobactam Rifaximin Vancomycin
0 75.0 17.1 71.3 46.1 713 0.6
1 25.0 41.0 26.3 479 21.3 26.9
2 0.0 28.2 2.5 55 13 55.0
3 0.0 111 0.0 0.0 0.0 14.4
>4 0.0 2.6 0.0 0.6 0.0 3.1

Shaded cells denote the acceptable limit of variation.

the acceptable range for MTZ, VAN, and PTZ, respectively. The
geomean MICs for VAN and PTZ were significantly higher on
mCD agar than on sBA (P<0.001), but the MIC of MTZ was
higher on sBA (P=0.0089) (Table 1).

The percent resistance of the 171 C. difficile isolates to the
antimicrobials is shown in Table 3. The rates of resistance to CLI
and MXF on sBA were 79.2% and 56.9%, respectively, and the
rates on mCD agar were not significantly different. No MTZ,
VAN, or PTZ resistance was detected on sBA by the CLSI break-
point criteria, but according to the recent European Committee
on Antimicrobial Susceptibility Testing (EUCAST) guidelines
(breakpoints: >2 mg/L for MTZ and VAN), 0.9% and 1.9% of
the strains were resistant to MTZ and VAN, respectively.

There were no very major errors or major errors for any of the
antimicrobials (MTZ, VAN, CLI, MXF, and PTZ), with the excep-
tion of RIX, for which there are currently no criteria for resis-
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tance breakpoints.

DISCUSSION

To identify conditions that promote the active growth of C. diffi-
cile, which is important for AST, we compared the AST results
from mCD agar with those from the CLSI-recommended sBA for
171 clinical isolates of C. difficile. The MIC distributions for the
171 C. difficile isolates differed depending on the antimicrobial
agents (Fig. 1). For MTZ, VAN, and PTZ, unimodal distributions
with relatively narrow ranges of MIC distributions were observed.
However, the MIC distributions for CLI, MXF, and RIX were bi-
modal or skewed and divided in two by the breakpoints for each
antibiotic. Our results with sSBA were comparable with the EU-
CAST data. Some of the CLI MIC data clustered on >256 pg/mL,
and some RIX MICs clustered on >8 pg/mL. The VAN MIC distri-
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Table 3. Percent resistance of the 171 Clostridium difficile isolates to six antimicrobial agents measured by the agar dilution method on

modified C. difficile (mCD) agar and supplemented Brucella agar (sBA)

Antimicrobials N of Isolates B Media 7 Resistance
(ng/mL) S | R
Clindamycin* 120 >8 SBA 7.5 133 79.2
mCD 10.8 16.7 72.5
Metronidazole 117 >32 mCD 100.0 0.0 0.0
sBA 100.0 0.0 0.0
Moxifloxacin 160 >8 mCD 42.5 0.6 56.9
SBA 425 0.6 56.9
Piperacillin-Tazobactam 165 >128 mCD 99.4 0.6 0.0
SBA 99.4 0.6 0.0
Rifaximin 150 No criteria mCD
sBA
Vancomycin 160 >32 mCD 100.0 0.0 0.0
SBA 100.0 0.0 0.0

*The clindamycin MIC was determined by E test.
Abbreviations: S, susceptible; I, intermediate; R, resistant.

bution on mCD agar was shifted to the right compared to the dis-
tribution on sBA. The shift to the right on mCD agar was antici-
pated from the outset, because growth was more active on mCD
agar. However, for VAN and PTZ, this expectation was confirmed
only by the geomean data, not by the MICso or MICq data.

Using five hypothetical series of MIC values, Davis [13] dem-
onstrated that the MICso, MIC75, and MICso values were identical
for five antimicrobials. However, their geomean MIC values var-
ied from 1.80 to 5.86. The ranges of the MIC, MICso, MICq, and
geomean for each antibiotic on mCD agar and sBA are shown in
Table 1. The differences between the MICso and MICs on the
two media were all within the acceptable range (+two-fold dilu-
tions). However, the geomean MICs of VAN and PTZ were signifi-
cantly above the acceptable range on mCD medium (both P<
0.0001), but the geomean MIC of MTZ was below the accept-
able range (P=0.0089). The geomean of CLI, MXF, or RIX was
not significantly different on the two media. Cumulative percent-
ages, such as MICso and MICqo, are suitable for comparing AST
media or antibiotic potency for unimodal MIC distributions, but
not suitable for clear-cut bimodal MIC distributions [14]. How-
ever, our analysis showed that the geomean MIC might be more
powerful for evaluating AST methods or antibiotic potency than
cumulative percentages, for both unimodal and bimodal MIC
distributions.

The MICso/MICo of MTZ and VAN on sBA were 1/2 pg/mL
and 1/2 pg/mL, respectively, similar to the data reported in the

http://dx.doi.org/10.3343/alm.2014.34.6.439

other Korean studies (1/4 and 0.5/1 pg/mL) [15]. Our results for
MTZ and VAN were also within two-fold of the results obtained
by Huang et al. [16] in China (0.125/0.25 and 0.5/1 pg/mL),
Hecht et al. [17] in USA (0.125/0.25 and 1/1 pyg/mL), and EU-
CAST (0.25/0.5 and 0.5/1 pg/mL) [18]. The MICso/MICgo of PTZ
in our study were 16/16 pg/mL, similar to the values reported by
Kim et al. [15] and Huang et al. [19] (8/16 pg/mL), but higher
than the EUCAST values (4/8 pg/mL).

The percent agreement of the MIC values for the six antimi-
crobials on sBA and mCD agar is shown in Table 2. The MICs for
CLI, MXF, and RIX were in 100% agreement within two-fold dilu-
tions, but 13.7%, 0.6%, and 3.1% of the values for MTZ, PTZ,
and VAN, respectively, were outside the acceptable range. The
acceptable ranges of the MICs for the control strain (C. difficile
ATCC 700057) according to the CLSI guideline are two-fold dilu-
tions, except for VAN, for which three-fold dilutions are accept-
able. When we applied this criterion, MTZ had a percentage
higher than the acceptable MIC range. MTZ has been reported
to be sensitive to light and low and high temperatures [20-22].
Similar poor reproducibility of MICs was also observed in suscep-
tibility testing of MTZ against Helicobacter pylori [23]. We sus-
pect that the exceptional AST results for MTZ were due to the in-
stability of MTZ itself, but the mechanism needs to be verified.

The percent resistances of the 171 C. difficile isolates are dis-
played in Table 3 and Fig. 1. The percent resistances on the two
media did not differ significantly. Resistance rates to CLI and
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MXF using sBA were quite high, and the percent resistances on
mCD agar were similar. On sBA, no MTZ, VAN, or PTZ resistance
was detected by the CLSI criteria, but according to the recent
EUCAST guidelines (epidemiological breakpoints: >2 mg/L for
MTZ and VAN), 0.9% and 1.9% of the isolates were resistant to
MTZ and VAN, respectively. The review by Huang et al. [7] on
antimicrobial resistance in C. difficile described recent reports on
the emergence of MTZ-resistant strains around the globe. Pelaez
et al. [6] have described the antimicrobial susceptibilities of 415
C. difficile isolates to MTZ and VAN over an 8-yr period (1993 to
2000) in Spain. The resistance rate to MTZ at the critical break-
point (16 pg/mL) was 6.3%. Although full resistance to VAN was
not observed, the rate of intermediate resistance was 3.1%. The
emergence of reduced susceptibility to MTZ was recently re-
ported in C. difficile isolates in UK [24]. The MIC for the historical
C. difficile ribotype 001 was 1.03 mg/L, compared with 5.94 mg/
L (P<0.001) for the recent isolates with reduced MTZ suscepti-
bility (24.4% of isolates).

Very major errors and major errors were not found for any of
the antimicrobials (MTZ, VAN, CLI, MXF, and PTZ), with the ex-
ception of RIX, for which no criteria for breakpoints are presently
available. The MICso of RIX (0.007 pg/mL on sBA) was similar to
the values reported by Hecht et al. [17] (0.0075 pg/mL) and Ji-
ang et al. [25] (<0.002 pg/mL), but the MICeo (>8 pg/mL) in this
study was higher than the values obtained in the previous stud-
ies (0.015 and 0.25 pg/mL, respectively). In evaluating new me-
dia for AST, percent resistance would not be useful in the ab-
sence of corresponding CLSI or EUCAST standard breakpoints.

Although C. difficile growth was faster and colony size was
larger on mCD agar than on sBA, the MIC distributions of the six
antibiotics were not significantly different, except for the MICso
and MICqs of VAN, which were two-fold higher on mCD agar. We
concluded that the MIC ranges of the MICso and MICeo were ac-
ceptable for AST on both sBA and mCD agar, but the geomean
MICs for MTZ, PTZ, and VAN were significantly different between
the two media. We found that the geomean MIC had more dif-
ferentiating power than the percent MIC distribution. Before us-
ing mCD agar as the medium for AST of C. difficile, more experi-
ments are needed.
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