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We tested the activities of rifampin (RIF) and rifaximin (RFX) against 180 Clostridium difficile clinical
isolates selected from Canadian and Italian culture collections. MICs were determined by CLSI agar dilution
for both drugs and by Etest for RIF. Sixteen of 85 Italian isolates (18.8%) showed high-level resistance to both
rifamycins (MICs, >16 �g/ml), compared to 2 of 95 (2.1%) Canadian isolates. Two new rpoB mutations were
identified in rifamycin-resistant isolates. RIF susceptibility by Etest correlated completely with susceptibility
to both rifamycins determined by agar dilution.

Recently described strains of Clostridium difficile that are
associated with greater morbidity and mortality (12, 15) pose a
significant clinical challenge, since treatment failure and ther-
apy relapse are more frequent (12, 20), although this has not
been universally seen (26). The current standard treatment for
Clostridium difficile infection (CDI) is oral metronidazole or
vancomycin (1), but more effective treatments are needed,
because decreased susceptibility to metronidazole has been
reported (2, 17, 19). Rifaximin (RFX) is being investigated as
an alternative therapy for CDI (8, 13, 14), but C. difficile iso-
lates have demonstrated resistance to RFX (6, 9, 10a, 18).
Antibiotic susceptibility testing of C. difficile by anaerobic agar
dilution (the CLSI recommended method) is labor-intensive
and time-consuming. Etest strips exist for antibiotic suscepti-
bility testing of rifampin (RIF), a rifamycin that is related to
RFX. It remains controversial whether the RIF Etest can re-
liably predict susceptibility to RFX (10a, 18).

We determined the MICs for 2 rifamycins (RIF and RFX)
with a large number of C. difficile clinical isolates and assessed
if RIF Etest susceptibility predicted RIF and RFX agar dilu-
tion results. We also compared rifamycin resistance among C.
difficile isolates from Montreal (Canada) and the Istituto Su-
periore di Sanità (ISS) in Rome, Italy, since rifamycin use
differs dramatically in these 2 countries. A molecular analysis
was performed on resistant isolates.

A convenience sample of 180 clinical isolates of C. difficile
from patients with CDI was selected for analysis from culture
collections at the Jewish General Hospital (JGH) in Montreal,
Canada (n � 95) and the ISS (n � 85) (Table 1). A total of
1,303 toxin-positive stools were submitted from JGH patients
over the same 7-year period (1989 and 2004 to 2009), but no
information was available on the number of toxin-positive

stools in the population served by the ISS during their 22-year
collection period (1987 to 2008). Two control strains were
included, as per CLSI guidelines (5): nontoxigenic C. difficile
ATCC 700057 and Bacteroides fragilis ATCC 25285.

Antimicrobial susceptibility testing was performed by agar
dilution for RIF and RFX (Sigma-Aldrich Canada Ltd.,
Oakville, ON, Canada) according to the methods described for
CLSI M11-A7 (MIC range, 0.002 to 16 �g/ml) (5). Antibiotics
were dissolved in methanol, and serial 1:2 dilutions were per-
formed in brucella broth (RIF) or 0.1 M phosphate buffer (pH
7.4) with 0.45% sodium dodecyl sulfate (RFX). Antibiotic di-
lutions were added to brucella blood agar supplemented with
5% laked sheep blood, 5 �g/ml of hemin, and 1 �g/ml vitamin
K1 (SBA). Ten microliters of a 1 McFarland suspension of
C. difficile was inoculated onto nonprereduced SBA supple-
mented with antibiotics and incubated anaerobically at 37°C
for 48 h. MIC values were read as the lowest concentration of
antibiotic showing a marked reduction in growth compared to
an antibiotic-free control plate. Isolates were considered sus-
ceptible (MIC, �0.016 �g/ml), intermediate (MIC, �0.016 and
�16 �g/ml), or resistant (MIC, �16 �g/ml). No CLSI guide-
lines exist for determining susceptibility of C. difficile to rifa-
mycins, so these ranges were determined based on the natural
breakpoints observed in the current and previous studies (6, 9,
10a, 18). Susceptibility to RIF was also evaluated using Etest
strips (AB Biodisk, Sweden) on SBA according to the manu-
facturer’s instructions, using a 1 McFarland suspension of C.
difficile on SBA. An Etest strip for RFX does not currently
exist.

The method described by S. R. Curry et al. (6) was used to
identify the rpoB mutations in strains resistant to RIF. Briefly,
primers CDrpoB2F and CDrpoB2R were used to amplify a
200-bp region of the rpoB gene known to contain point muta-
tions associated with resistance to RIF. Both DNA strands of
the purified PCR products were then sequenced and analyzed
for mutations.

Pulsed-field gel electrophoresis (PFGE) typing was per-
formed for all isolates as previously described (7). Gels were
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visualized using Image Master software (Bio-Rad Laborato-
ries, Canada), and relatedness was based on previously de-
scribed criteria (25).

Resistance to the rifamycin antibiotics was more prevalent in
the C. difficile isolates from the ISS (MIC90, �16 �g/ml) than
in the isolates from the JGH (MIC90, �0.002 �g/ml) (Table 2).
Sixteen of 85 (18.8%) isolates from Italy and 2/95 (2.1%)
isolates from Canada were resistant to the rifamycin antibiotics
(Fisher’s exact test, P � 0.0001). Two further isolates from the
ISS collection displayed intermediate susceptibilities, but with
MICs in the susceptible range (RIF Etest MICs, 0.12 and 0.5
�g/ml; RIF agar dilution MICs, 0.016 and 0.5 �g/ml; RFX agar
dilution MICs, 0.25 and 4 �g/ml).

We identified 4 single-locus polymorphisms (SLP) to the
rpoB gene in the rifamycin-resistant isolates (Table 3). Two
SLPs identified in our study had not been previously described
in resistant isolates of C. difficile. The new SLP S488P was
found in an isolate with intermediate susceptibility. The new
substitution S498T in association with R505K was found in a
resistant isolate and has not been previously described in C.
difficile. We identified the SLP H502N in a highly resistant
isolate from Canada. No rpoB mutations were identified in one
of the rifamycin-resistant isolates from Canada.

Agar dilution is the reference method for anaerobic antibi-
otic susceptibility testing (5), but it is labor-intensive and re-
quires highly trained staff, while the Etest method is relatively
simple. RIF susceptibility for all 180 isolates was 100% con-
cordant between the two methods, with complete concordance
between the results for RIF (both agar dilution and Etest) and
RFX (agar dilution) (Fig. 1).

Thirty-four of 95 Montreal isolates and 0 of 85 Italian iso-
lates were NAP1 or closely related. Four isolates were not
typeable by PFGE. None of the NAP1 isolates was resistant to
the rifamycins. Rifamycin-resistant isolates were distributed
within 13 PFGE types.

In Italy, rifamycin antibiotics have been in use for over 2

decades (21). In particular, RFX is licensed as a treatment for
hepatic encephalopathy, diarrhea, and travelers’ diarrhea and
as prophylaxis for gastrointestinal surgery (11, 23, 24). In com-
parison, RFX is not licensed for use in Canada, and average
RIF use at the JGH (2004 to 2009) was only 515 g (858 defined
daily doses) per year. Since most CDI at the JGH are health
care associated, this indicates a very low level of JGH patient
exposure to RIF. Our study found a statistically significant
8-fold-higher frequency of rifamycin resistance in the Italian
isolates compared to those from the JGH, suggesting that
resistance to rifamycins may occur as a result of selective pres-
sure after RFX exposure. Unlike recent studies (6, 18), we
found no greater rifamycin resistance in the NAP1 isolates,
perhaps because the 34 NAP1 isolates from the JGH were
unlikely to have been exposed to rifamycins. RFX-resistant
isolates in other studies were from the United States, where
RFX is used to treat travelers’ diarrhea, enteric Escherichia
coli infections (11), and hepatic encephalopathy (22).

It is unclear how RFX in vitro resistance correlates with
clinical outcomes, since it achieves fecal drug levels of approx-
imately 8,000 �g/ml (10, 18), and other intestinal factors may
affect this concentration (4, 10, 18).

We demonstrated that susceptibility to RIF by either Etest
or agar dilution correlated completely with susceptibility to
RFX. Thus, rifamycin class susceptibility in C. difficile can be
assessed using the relatively easy RIF Etest method, consistent
with the findings of O’Connor et al. (18). The divergent study
(10a), which showed that RIF (agar dilution and Etest) and
RFX (agar dilution) susceptibilities did not correlate, used
Mueller-Hinton agar instead of brucella blood agar, as recom-
mended by CLSI and the Etest manufacturer. The medium
used for antimicrobial susceptibility testing can strongly influ-
ence the MIC of the antibiotic (5). Our results suggest that the
RIF Etest is a valid method for the determination of RIF and
RFX susceptibilities of C. difficile, showing complete correla-
tion with agar dilution.

Resistance to the rifamycin class of antibiotics has been
putatively linked to 8 SLPs in the rpoB gene of the RNA
polymerase locus (6, 18) and another 12 SLPs in the rifamycin
binding pocket (3). We identified 2 mutations, S488P and
S498T, in the rpoB gene that had not been previously described
in C. difficile, although a different mutation at S488 (S488T)
has been described. Position S498 in the C. difficile rpoB gene
corresponds to A477 in Staphylococcus aureus, which has been
linked to rifamycin resistance. Both new SLPs occur in amino
acids in Taq polymerase that do not interact directly with
rifamycins in the binding pocket (3, 16), suggesting that the

TABLE 2. Comparison of susceptibility to RIF and RFX of
C. difficile strains from the JGH (Montreal, Canada) and the

ISS (Rome, Italy)

Antibiotic Source
No. (%) of

resistant
isolates

MIC data (�g/ml)

MIC50 MIC90 Range

RIF JGH 2 (2.4) �0.002 �0.002 �0.002–�16
ISS 16 (18.8) �16
Total 18 (11.3) 0.05

RFX JGH 2 (2.4) 0.004 0.008 �0.002–�16
ISS 16 (18.8) �16
Total 18 (11.3) 4

TABLE 1. C. difficile isolates included in the present analysis, by
site and year

Source
No. of C. difficile isolates by yr

1987–1989 1993–2003 2004 2005 2006 2007 2008 2009 Total

JGH 30 0 10 11 11 11 12 10 95
ISS 10 8 1 33 13 9 11 0 85

TABLE 3. rpoB mutations detected in the C. difficile isolates
resistant to rifamycins

Substitution No. of
isolates Source (n) Rifamycin

susceptibilityb

H502N/R505K 7 ISS (7) R
R505K 6 ISS (6) R
S488Pa 1 ISS (1) I
S498T,a R505K 3 ISS (3) R
H502N 2 ISS (1), JGH (1) I/R

a Mutation not previously described for C. difficile.
b R, resistant; I, intermediate.
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most likely mechanism of action is structural modification of
the binding pocket and lowered affinity of rpoB for rifamycins.
The other two previously described mutations found in our
study, H502N and R505K, are believed to affect the direct
interaction of rpoB with the rifamycins. Interestingly, the
H502N mutation has been associated with intermediate resis-
tance to rifamycins, but never to high-level resistance (6, 18),
as we found, which may indicate a separate mechanism of
resistance in C. difficile. These SLPs in the rpoB gene are
conserved in many genera of rifamycin-resistant bacteria, as
demonstrated by sequence alignments (6, 16, 18).

In conclusion, we have documented significantly different
rates of rifamycin resistance in C. difficile from two countries
with highly disparate rifamycin use, suggesting that selective
pressure may play a role. We also demonstrated that RIF
susceptibility by Etest correlates completely with RIF and
RFX susceptibilities by agar dilution.

Mark Miller received research funding from and is on the advisory
board for Optimer Pharma, is on the advisory board for Salix, and
received research funding from Cubist and Actelion.
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FIG. 1. Correlation of RIF susceptibility (by Etest) with RIF and RFX susceptibility (by agar dilution). The graph shows MIC values for 180
isolates of C. difficile for RIF as determined by Etest (black bars) and agar dilution (striped bars) and for RFX as determined by agar dilution (gray
bars).
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