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Clostridium difficile infections (CDI) in hospitalized patients are known to be closely related to antibiotic exposure. Although
several substances can cause CDI, the risk differs between individual agents. In Vienna and other eastern parts of Austria, CDI
ribotype 027 is currently highly prevalent. This ribotype has the characteristic of intrinsic moxifloxacin resistance. Therefore, we
hypothesized that moxifloxacin restriction can decrease the number of CDI cases in hospitalized patients. Our antibiotic stew-
ardship (ABS) group applied an information campaign on CDI and formal restriction of moxifloxacin in Wilhelminenspital (Vi-
enna, Austria), a 1,000- bed tertiary care hospital. The preintervention period (period 1) was January through May 2013, and the
intervention period (period 2) was June through December 2013. We recorded the defined daily doses (DDD) of moxifloxacin
and the number of CDI patients/month. Moxifloxacin use was reduced from a mean (� standard error of the mean [SEM]) of
1,038 � 109 DDD per month (period 1) to 42 � 10 DDD per month (period 2) (P � 0.0045). Total antibiotic use was not affected.
The mean (�SEM) numbers of CDI cases in period 1 were 59 � 3 per month and in period 2 were 32 � 3 per month (46% reduc-
tion; P � 0.0044). Reducing moxifloxacin use in combination with providing structured information on CDI was associated with
an immediate decrease in CDI rates in this large community teaching hospital.

Clostridium difficile infection (CDI) is a common side effect of
antimicrobial therapy, and C. difficile is endemic in hospitals

due to health care-associated transmissions. CDI is associated
with increased mortality rates and economic burden (1, 2). Al-
though several substances can cause CDI, the risk differs between
individual antibiotics. A recent meta-analysis of community-as-
sociated CDI comprising 30,184 patients (3) showed that the risk
for CDI was greatest with clindamycin (odds ratio [OR], 20.43;
95% confidence interval [CI], 8.50 to 49.09), followed by fluoro-
quinolones (OR, 5.65; 95% CI, 4.38 to 7.28).

In Austria, a recent shift in endemic ribotypes was observed. In
2008 and 2009, ribotype 053 was the most prevalent. Since 2010,
ribotype 027 has been even more common, driven by a high prev-
alence in the eastern parts of Austria, as reported by the national
reference center for CDI. Compared with other ribotypes, ri-
botype 027 is moxifloxacin resistant, while in one recent study,
clindamycin resistance was seen in only one-third of the cases
(A. S. D. Indra, S. Huhulescu, K. Stickler, M. Hell, F. Allerberger,
submitted for publication). As shown by von Baum et al. (4), C.
difficile selection differs among the types of quinolones. In that
study, a switch in long-term antibiotic prophylaxis from levo-
floxacin to moxifloxacin increased the CDI episode rate dramati-
cally.

In our hospital, the numbers of CDI patients are continuously
recorded and reported. While the numbers were stable at �200
patients per year from 2009 to 2011 (0.56, 0.51, and 0.50 per 1,000
patient days, respectively), an increase to 313 patients was ob-
served in 2012 (0.88/1,000 patient days). In the first quarter of
2013, a further increase in CDI patients was detected, and an an-
tibiotic stewardship (ABS) team was established to develop mea-
sures for confining CDI.

Since other Viennese hospitals did not record CDI or similar
increases in the number of CDI, hospital-specific causes were an-
alyzed. The use of moxifloxacin was about twice as high in our
hospital as in 7 other Viennese hospitals; the rate of use was high
but stable from 2009 to 2011 (0.037, 0.035, and 0.036 defined daily

doses [DDD]/patient day) and increased slightly in 2012 (0.038
DDD/patient day).

Since the numbers of CDI cases and ribotype 027 isolates
seemed to be related to moxifloxacin use, we studied whether
moxifloxacin restriction would result in a reduction in the num-
ber of CDI cases.

MATERIALS AND METHODS
Setting. The Wilhelminenspital (Vienna, Austria) is a large tertiary care
community hospital with 1,081 beds and 357,892 patient days in 2013.
Areas of focus include adult medical and surgical specialties, pediatrics,
and obstetrics.

CDI case definition. A patient was diagnosed with CDI when he or she
had diarrhea (i.e., �3 loose stools per day) and tested positive in a two-
step diagnostic approach, as proposed by the European Society of Clinical
Microbiology and Infectious Diseases (5). This approach included a glu-
tamate dehydrogenase (GDH) test (ImmunoCard C. difficile GDH; Me-
ridian Bioscience, Inc., Europe, Villa Cortese, Milan, Italy) and confirma-
tion by PCR in cases of a positive result. Ribotype 027 detection was also
accomplished by PCR, combining results for binary toxin and tcdC dele-
tion. Results revealing presumptive positive toxigenic C. difficile 027/
NAP1/BI were reported as positive for ribotype 027 without further se-
quencing (for PCR, we used the GeneXpert platform with the Xpert C.
difficile assay; Cepheid Europe, Maurens-Scopont, France).

Further, histopathological diagnosis of CDI after endoscopy or colec-
tomy was accepted. CDI was classified as nosocomial when the diagnosis
was made later than in the first 72 h of admission. Severe disease was
defined by patient readmittance to the hospital due to recurrent symp-
tomatic CDI, transference to the intensive care unit, surgical intervention
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due to CDI, or death within 30 days after diagnosis. Recurrence of disease
was defined as a new episode of CDI within 8 weeks after a symptom-free
interval.

Measures proposed by the ABS team. The ABS team was appointed
by the hospital management and organized by the head of the Department
of Pathology and Microbiology, who was also the quality assurance rep-
resentative. The team consisted of a clinical pharmacist, a pathologist, and
infection control professionals.

The team agreed on the hypothesis that the rising numbers of CDI and
moxifloxacin-resistant ribotype 027 isolates were the result of the high use
of moxifloxacin. Therefore, measures taken against CDI should primarily
include a reduction of this specific antibiotic. The measures consisted of a
bundle of information on CDI and a moxifloxacin formulary restriction.
The medical director facilitated the implementation of these measures.
Antibiotic contact persons from the clinical departments were informed
in a conference organized by the ABS team.

(i) CDI information. Information on CDI was distributed via lectures
on pathogenesis, epidemiology, prevention, diagnostics, and treatment
held by local personnel and invited experts. The content of the talks was
made available via the hospital’s intranet.

(ii) Formulary restriction. Physicians who prescribed moxifloxacin
had to fill in a form describing the amount of the drug, the medical diag-
nosis, the planned route of administration, any combined antibiotic treat-
ment, and pretreatment, if applicable. The hospital pharmacy informed
the Department of Hospital Hygiene about the request. Whenever possi-
ble, the indication, contraindications, and possible alternative treatment
options were reviewed with the prescribing physician. If a consultation
was not possible, the requested antibiotic was delivered. Further, the an-
tibiotic was delivered when the treating physician did not agree with the
alternative proposal, and treatment strategies sparing moxifloxacin were
proposed by antibiotic guidelines that were available via the hospital’s
intranet.

Statistics. Defined daily doses (DDD) of moxifloxacin, the number of
CDI patients, and costs (in euros) are reported in absolute numbers. The
means and standard errors of the mean (SEM) of absolute numbers per
month, calculated to compare the periods before (period 1) and after
(period 2) the start of the intervention, are presented here. Kruskal-Wallis
analysis of variance (ANOVA) and chi-square and Mann-Whitney U tests
were applied where appropriate using Statistica 6.0 (StatSoft, Tulsa, OK,
USA), and the significance level was set at a P value of �0.05. Graphs were
designed with Microsoft Excel for Windows and Statistica 6.0.

RESULTS

The absolute number of CDI was 515 cases in 2013, which was an
incidence of 1.44/1,000 patient days. The mean age of the patients
was 79 years (males, 75 years; females, 81 years). Presumptive
ribotype 027 was detected in 172 (33%) of the cases. CDI was
classified as nosocomial in 75% of the cases.

Severe disease was recorded for 31% of the patients, and in 131
(25%) of the cases, the patient died within 30 days of diagnosis. Of
the cases in which the patient died, 57 (43.4%) involved ribotype
027 (chi-square test, mortality with ribotype 027 versus non-027
ribotype, P � 0.03).

Recurrent disease was seen in 63 (12%) of the cases, of which 51
(81%) involved ribotype 027 (chi-square test, recurrent disease
with ribotype 027 versus non-027 ribotype, P � 0.02).

Moxifloxacin use was reduced from 1,038 � 109 DDD per
month (January to May, period 1) to 42 � 10 DDD per month
(June to December, period 2) (P � 0.0045) (Fig. 1A). Moxifloxa-
cin was partly replaced by levofloxacin, while ciprofloxacin use
was stable. In total, quinolone use decreased by about 37% in
period 2 compared to that in period 1. In contrast, overall antibi-
otic use was not altered. Moxifloxacin costs were reduced from
15,681 � 1,790 euros per month (total, 78,409 euros in period 1)

to 713 � 256 per month (total, 4,989 euros in period 2). In 2013,
94% of moxifloxacin use and costs were incurred in the first 5
months. In absolute numbers, a total of 5,189 DDD were pre-
scribed in period 1, while 291 DDD were prescribed in period 2.

The maximum number of CDI (67) was seen in March, accom-
panied by the highest use of moxifloxacin in 2013 (Fig. 1A). Then,
moxifloxacin use and the number of CDI began to trend down-
ward. Concrete moxifloxacin-reducing measures started in June,
and the number of CDI reached prior observed levels by October
(Fig. 1A). The mean (�SEM) numbers of CDI were 59 � 3 per
month in period 1 and 32 � 3 per month in period 2 (46% reduc-
tion; P � 0.0044). Mean ribotype 027 levels trended downward
from 15.2 � 2 per month in period 1 to 13.7 � 2 per month in
period 2 (P � 0.05). The monthly recorded total number of CDI
correlated with moxifloxacin use in DDD (r � 0.91) (Fig. 1B).

DISCUSSION

Our finding that enhanced antibiotic stewardship, including the
restriction of moxifloxacin, is associated with a reduction in the
number of CDI is in line with the findings of Aldeyab et al. and
Talpaert et al. (6, 7), who showed a similar effect due to the reduc-
tion in use of high-risk broad-spectrum antibiotics, including
fluoroquinolones, clindamycin, and cephalosporins. Further, an
outbreak of a hospital-acquired epidemic CDI strain at a commu-
nity hospital was controlled after an exclusive restriction of fluo-
roquinolones (8). However, we were the first to describe the re-
striction of moxifloxacin as an individual antibiotic having such
an effect. As mentioned above, the specific focus on moxifloxacin
was chosen due to the local circumstances of a rising rate of ri-
botype 027, which is moxifloxacin resistant, and the high use of
moxifloxacin in our hospital. Although levofloxacin and cipro-
floxacin have also been reported to be high-risk antibiotics, moxi-
floxacin seems to pose an even higher risk for C. difficile selection.
As shown by von Baum et al. (4), a switch in long-term antibiotic
prophylaxis in neutropenic patients from levofloxacin to moxi-
floxacin increased the CDI episode rate from 6% to 33%. This
effect was reversible when moxifloxacin prophylaxis was switched
back to levofloxacin, which has a different activity against anaer-
obes. This might explain why the partial replacement of moxi-
floxacin by levofloxacin did not seem to diminish the effect of
moxifloxacin restriction on CDI rates in our hospital.

We report a 25% 30-day case fatality rate for patients with CDI.
This is within the range of previous Viennese data, revealing treat-
ment-dependent 30-day mortality rates between 7.4% and 38.1%
(2, 9, 10). A 7-year study in the United Kingdom in a CDI patient
population of comparable age (mean age, 80 years) found a 30-day
case fatality rate of 32% (11). In Quebec, Loo et al. (12) found a
similar crude 30-day mortality rate of 24.8% in patients with a
median age of 76 years from 12 hospitals, with the attributable
mortality fraction increasing with age. Interestingly, all isolates of
the predominant pulsovar in this study were resistant to quino-
lones.

During the last 4 years, we observed an increasing rate of ri-
botype 027 and a parallel increase in recurrence and mortality
rates in our hospital. Also, in 2013, the percentage of recurrent and
fatal cases was significantly higher in ribotype 027 patients than in
the total CDI collective. In the last decade, the incidence, compli-
cation, and mortality rates of CDI have increased globally due to
the emergence of so-called hypervirulent strains (13–16). In addi-
tion to the production of toxin A (TcdA) and toxin B (TcdB) and
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the presence of binary toxins (CdtA and CdtB), altered resistance
patterns and increased sporulation capacity were described as
contributing to increased mortality and higher rates of recurrence
with ribotype 027 (17–21). After implementation of antibiotic
stewardship, the absolute numbers of ribotype 027 showed a non-
significant downward trend in our hospital.

Restriction of moxifloxacin was only part of the program that
also included the distribution of information on CDI. It has to be
emphasized that concrete hygiene measures had already been im-
plemented years earlier and were not changed during the pro-
gram. Routine hygiene measures included a visit from an infection
control specialist in every case of CDI to augment hand hygiene,
i.e., hand-washing and disinfection in the appropriate indications,
protective clothing, change to a sporicidal surface disinfectant,
and strict isolation of the patient whenever possible.

The development of evidence-based practice guidelines incor-
porating local microbiology and resistance patterns is strongly
recommended in antimicrobial stewardship programs (ASP)
(22). A key aim of ASP is the improvement of anti-infective pre-
scription behavior to reach the best clinical treatment response of
the patients with a minimum of toxicity, side effects, microbiolog-
ical resistance development, and costs (23). The combination of
formulary restriction and direct feedback to the prescriber was
highly effective in producing immediate and significant reduc-
tions in moxifloxacin use and costs. The challenge was to find
alternatives to the highly promoted moxifloxacin therapy, gener-
ously prescribed to treat community-acquired pneumonia (CAP)
and other respiratory infections, chosen for patients with renal
insufficiency due to the practicability of no need for dose adjust-
ments, used for skin and soft tissue infections, and given to pa-

FIG 1 Moxifloxacin use and Clostridium difficile infections (CDI). (A) Monthly moxifloxacin use and CDI during the year 2013 before (period 1) and after
(period 2) antimicrobial stewardship interventions. Moxifloxacin use is depicted in DDD (left y axis), and CDI are depicted in absolute numbers (right y axis).
(B) Monthly recorded number of CDI correlated with moxifloxacin use in DDD. MD, missing data.
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tients with suspected or proven penicillin allergy. In clinical prac-
tice, antibiotic therapy was not necessary in every case in which
moxifloxacin was requested. However, in the majority of cases,
antibiotic treatment was inevitable. In these cases, a �-lactam
treatment was advised. If this was not possible, doxycycline was
sometimes a good alternative to the otherwise often-necessary
quinolone or macrolide therapy. There is some evidence that
doxycycline is not associated with CDI and may even be protective
against it. For example, in a large meta-analysis (3), tetracyclines
were not associated with an increased risk of CDI (OR, 0.91; 95%
CI, 0.57 to 1.45). Further, in a recent study by Doernberg et al.
(24), doxycycline was protective against the development of CDI
in a cohort of hospitalized patients receiving ceftriaxone. The
guidelines of the American Thoracic Society and Infectious Dis-
eases Society of America recommend doxycycline plus a �-lactam
antibiotic as an alternative to a macrolide or fluoroquinolone-
containing regimen for the treatment of CAP (25).

This study had several limitations. First, we did not type all
strains of C. difficile and were therefore unable to detect changes in
strains other than the presumed ribotype 027. Further, we cannot
entirely exclude the possibility that confounding factors were at
least partly responsible for the reduction in CDI in addition to the
applied measures, since even the high correlation of moxifloxacin
use and CDI is not proof of causality. However, the fact that total
antibiotic use was stable and no significant changes in other rele-
vant substance classes were detected might allow the conclusion
that a decrease in other high-risk antibiotics was not interfering.
Further, no change in routine measures to control infection took
place.

The observation period after the intervention was only 7
months. However, until the current time point, a clear and report-
able success was noticed, and we will continue to record and eval-
uate the numbers of CDI in the following years.

Antibiotic exposure is the major risk factor for the develop-
ment of CDI (26–28). In Europe and the United States, 35% to
63% of inpatients receive at least 1 dose of an antibiotic, and in
Europe, 7.1% of patients develop health care-associated infec-
tions, including CDI (29, 30). Therefore, the aim of future antibi-
otic stewardship programs should include organizing detailed
documentation of the indications for antibiotic treatment, allow-
ing for review, audit, and feedback. In addition to the avoidance of
high-risk antibiotics, this should result in a reduction in total an-
tibiotic use and CDI. We conclude that antimicrobial steward-
ship, including the restriction of moxifloxacin, is effective in
reducing the incidence of CDI in a population with a high rate
of ribotype 027.
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