




vancomycin or the lower dose of fidaxomicin or saline as described pre-
viously. The concentration of VRE and ESBL-Kp in stool was measured
on day 5 of antibiotic treatment and 3, 5, and 10 days after completion of
antibiotics.

Effect of the higher dose of fidaxomicin (75 mg/kg) on the microbi-
ota and establishment of colonization by VRE and ESBL-Kp. To assess
the impact of the higher dose of fidaxomicin on the microbiota, quanti-
tative cultures for facultative and aerobic Gram-negative bacilli and en-
terococci were performed as described previously for mice treated with
fidaxomicin or saline for 5 days. To assess the effect of the higher dose of
fidaxomicin on establishment of colonization by VRE and ESBL-Kp,
mice (8 per group) treated for 5 days with (i) oral saline, (ii) fidaxomi-
cin at 2.3 mg/day (75 mg/kg), (iii) clindamycin at 1.4 mg/day, or (iv)
both fidaxomicin and clindamycin received 10,000 CFU of oral VRE or
ESBL-Kp on day 2 of treatment. The concentration of VRE and
ESBL-Kp in stool was measured at baseline and 3 and 6 days after
pathogen inoculation. The purpose of including a group receiving
fidaxomicin plus clindamycin was to assess whether fidaxomicin has
sufficient inhibitory activity to prevent clindamycin-associated pro-
motion of VRE overgrowth (7).

Statistical analysis. One-way analysis of variance was performed to
compare concentrations of organisms among the treatment groups. P
values were adjusted for multiple comparisons using the Scheffe correc-
tion. Computations were performed with the use of Stata (version 5.0;
Stata, College Station, TX) and Origin (version 9; OriginLab, Northamp-
ton, MA).

RESULTS
Susceptibility testing. MICs for ESBL-Kp were 	256 �g/ml for
vancomycin, metronidazole, and fidaxomicin. MICs for VRE
were 256, 	256, and 2 �g/ml for vancomycin, metronidazole, and
fidaxomicin, respectively.

Effect of the antibiotics on indigenous enterococci and facul-
tative Gram-negative bacilli by quantitative culture. Figure 1
shows the effect of antibiotic treatment on the concentrations of
enterococci (A) and aerobic and facultative Gram-negative bacilli
(B) by culture. Vancomycin significantly reduced levels of entero-
cocci during treatment, whereas fidaxomicin did not. Levels of
enterococci returned to baseline concentrations by 3 days after
discontinuation of vancomycin. In comparison to saline controls,
vancomycin exposure resulted in a 4-log increase in Gram-nega-
tive bacilli, whereas fidaxomicin did not. By 10 days after discon-
tinuation of vancomycin, levels of Gram-negative bacilli were not
significantly elevated in comparison to baseline levels.

Effect of the antibiotics on indigenous microbiota by deep
sequencing and qPCR. Figure 2 shows the relative proportions of
different bacterial phyla on day 5 of antibiotic exposure in com-
parison to the saline control group, including the summed total
for each treatment group and data for individual mice. In control
mice, Bacteroidetes and Firmicutes were predominant, with Pro-

FIG 2 Comparison of stool microbiota of mice by 16S deep-sequencing analysis after 5 days of antibiotic treatment. The relative abundances of the major
bacterial phyla are shown. Numbers indicate data for individual mice in each group.
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teobacteria making up only �2% of the indigenous microbiota.
Fidaxomicin exposure was associated with a reduction in Firmic-
utes from �40 to �20% with no increase in Proteobacteria. In
contrast, vancomycin treatment was associated with suppression
of Firmicutes from �40% to �10% of the microbiota and expan-
sion of Proteobacteria.

Figure 3 shows the relative proportions of the different taxa in
the vancomycin and fidaxomicin groups before, during, and after
treatment. For the vancomycin group, there was an increased pro-
portion of Proteobacteria at baseline in comparison to the other
groups that was attributable to the presence of one outlier mouse;
however, the differences between the groups at baseline were not
statistically significant. For the vancomycin group, the proportion
of Firmicutes increased from the end of treatment (day 5) to 10
days posttreatment (day 15), whereas the proportion of Proteobac-
teria decreased.

Real-time PCR analysis demonstrated that vancomycin signif-
icantly reduced the concentrations of Bacteroides spp. (8.7 versus
5.6 log10CFU/g stool) and C. leptum (6.2 versus 5.6 log10CFU/g
stool) on day 5 of treatment (P � 0.001 for each comparison),
whereas fidaxomicin did not (P 	 0.5).

Effect of antibiotic exposure on establishment of coloniza-
tion by VRE and ESBL-Kp. Figure 4 shows the effect of exposure
to vancomycin and the lower dose of fidaxomicin on establish-

ment of colonization by VRE (Fig. 4A) and ESBL-Kp (Fig. 4B).
In comparison to controls, oral vancomycin promoted over-
growth of both pathogens (P � 0.001), whereas fidaxomicin
did not promote overgrowth of either pathogen. None of the
control or fidaxomicin-treated mice had detectable VRE at any
time point.

Effect of the higher dose of fidaxomicin (75 mg/kg) on the
microbiota and establishment of colonization by VRE and
ESBL-Kp. In comparison to saline controls, the higher dose of
fidaxomicin significantly reduced concentrations of enterococci
on day 5 of treatment (4.3 versus 6.1 log10CFU/g stool; P � 0.01),
with levels returning to baseline by 3 days after treatment. Con-
centrations of aerobic and facultative Gram-negative bacilli did
not differ between the fidaxomicin-treated mice and saline con-
trols at any time point. As shown in Fig. 5, in comparison to saline
controls, the higher dose of fidaxomicin did not promote over-
growth of VRE when challenged with oral VRE during treatment,
whereas clindamycin alone or in combination with fidaxomicin
did (P � 0.001); the concentrations of VRE were significantly
higher in the clindamycin versus the clindamycin plus fidaxomi-
cin group (P � 0.01). In comparison to saline controls, the higher
dose of fidaxomicin also did not promote overgrowth of ESBL-Kp
(peak concentration, 3.8 and 3.9 log10CFU/g stool; P 
 1).

FIG 3 Comparison of stool microbiota of mice by 16S deep-sequencing analysis before, during, and after treatment with oral fidaxomicin or vancomycin. Mice
received daily oral antibiotic treatment for 5 days (day 0 to day 5). Numbers indicate day of sample collection: day 0, prior to treatment; day 5, after 5 days of
antibiotic treatment; day 10, 5 days after last antibiotic dose; and day 15, 10 days after last antibiotic dose. The relative abundances of the major bacterial phyla
are shown as a composite of five total mice in each group at each time point.
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DISCUSSION

In contrast to oral vancomycin, we found that oral fidaxomicin
did not promote overgrowth of VRE and ESBL-Kp in mice. Van-
comycin promoted overgrowth of aerobic and facultative Gram-
negative bacilli, whereas fidaxomicin did not. By deep-sequencing
analysis, vancomycin treatment resulted in marked suppression of
Firmicutes and expansion of Proteobacteria, whereas fidaxomicin
was associated with only a minor reduction in Firmicutes with no
increase in Proteobacteria. By qPCR analysis, vancomycin sup-
pressed levels of Bacteroides spp., and Clostridium leptum, whereas
fidaxomicin did not. These findings add to the body of literature
suggesting that the relative preservation of the intestinal microbi-
ota during fidaxomicin treatment may be beneficial in reducing
the risk for acquisition and overgrowth of health care-associated
pathogens during CDI treatment.

Because fidaxomicin has minimal activity against Gram-nega-
tive bacilli, the lack of promotion of overgrowth of indigenous

Gram-negative bacilli and ESBL-Kp is attributable entirely to rel-
ative preservation of the intestinal microbiota. However, fidax-
omicin does have activity against enterococci (MIC for VRE test
strain, 2 �g/ml). Therefore, lack of promotion of VRE overgrowth
could be attributable to inhibitory activity against enterococci.
The fact that fidaxomicin did not completely prevent overgrowth
of VRE induced by disruption of the microbiota by clindamycin, it
is likely that the reduced VRE expansion is due to both inhibitory
activity and relative preservation of the microbiota.

Our findings for fidaxomicin and vancomycin are consistent
with previous studies (4–6). Fidaxomicin treatment of CDI was
associated with infrequent acquisition of VRE and Candida spp.
colonization in comparison to oral vancomycin (6). Fidaxomicin
may represent a good alternative to metronidazole use when van-
comycin is not being considered. The finding that fidaxomicin
exposure did not promote colonization by ESBL-Kp is significant
given the increasing importance of emerging multiresistant
Gram-negative pathogens (15).

Our study has some limitations. The study was conducted us-
ing a mouse model with healthy mice. Additional studies will be
required to confirm that the findings are applicable to patients
with CDI. We studied only one strain each of VRE and K. pneu-
moniae. However, we have previously shown that multiple VRE
and K. pneumoniae strains gave similar results in the mouse model
(7, 8). We studied only one species of antimicrobial-resistant
Gram-negative bacilli. Future studies are needed that include
other species such as Acinetobacter spp. Although the lower dose of
fidaxomicin was 80% of the vancomycin dose (i.e., the same the
ratio as in human dosing), the fecal concentration of fidaxomicin
plus OP-1118 measured in mouse fecal pellets was lower than
levels measured in human feces (10) and lower than the fecal
concentration of vancomycin in mice. The lower fecal fidaxomi-
cin levels measured in mice could potentially be due to lower
technical extraction and recovery of fidaxomicin and OP-1118
from mouse versus human samples or due to differences between
excretion or metabolism of the drug in mice and humans. The
higher dose of fidaxomicin did result in a measured fecal fidax-
omicin concentration that was similar to the concentration of
vancomycin, and the higher dose did not promote colonization by
VRE or ESBL-Kp. Finally, we did not include metronidazole in
our evaluation. However, Lewis et al. (16) recently demonstrated

FIG 4 Effect of antibiotic treatment on establishment of colonization by VRE
(A) and ESBL-Kp (B) in mice. Mice received daily oral antibiotic treatment for
5 days. The pathogens were administered orally on day 2 of antibiotic treat-
ment. The error bars represent the standard error.

FIG 5 Effect of antibiotic treatment on establishment of colonization by VRE
in mice. Mice received daily oral antibiotic treatment for 5 days. The pathogens
were administered orally on day 2 of antibiotic treatment. The error bars
represent the standard error.

Deshpande et al.

3992 aac.asm.org July 2016 Volume 60 Number 7Antimicrobial Agents and Chemotherapy

 on F
ebruary 26, 2021 by guest

http://aac.asm
.org/

D
ow

nloaded from
 

http://aac.asm.org
http://aac.asm.org/


that oral metronidazole promotes colonization by VRE and anti-
biotic-resistant Gram-negative bacilli in mice, although to a lesser
degree than oral vancomycin.
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