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Key Words: Background: Fluoroquinolones are often prescribed unnecessarily and are an important risk factor for infec-
Pseudomonas aeruginosa tion with fluoroquinolone-resistant gram-negative bacilli and Clostridioides difficile.

Clostridioides difficile Methods: We conducted a quasi-experimental study to determine the impact of sequential syndrome-specific
Urinary tract infection stewardship interventions on use of and resistance to fluoroquinolones in a tertiary care hospital. An initial 2-year

Asymptomatic bacteriuria intervention focused on reducing treatment of asymptomatic bacteriuria and ensuring concordance of urinary tract

infection treatment with guidelines. A second 5-year intervention focused on limiting overuse of fluoroquinolones
for health care—associated pneumonia in conjunction with a formal stewardship program. The primary outcomes
were fluoroquinolone use and changes in use over time analyzed by segmented regression analysis.
Results: The asymptomatic bacteriuria and urinary tract infection intervention resulted in a significant reduc-
tion in fluoroquinolone use, with a significant change from an increasing to a decreasing rate of use (change in
slope of quarterly defined daily doses/1,000 patient days —15.3, P < .01). The health care—associated pneumo-
nia intervention resulted in a continued significant reduction in fluoroquinolone use (rate ratio=0.68, P < .01).
During the interventions, fluoroquinolone susceptibility increased significantly in Pseudomonas aeruginosa, but
not in Escherichia coli, Klebsiella spp., or C difficile.
Conclusions: Antimicrobial stewardship interventions focused on specific syndromes may be effective in
reducing fluoroquinolone use. In our hospital, reduction in fluoroquinolone use resulted in increased fluoro-
quinolone susceptibility in P aeruginosa, but not other Enterobacteriaceae or C difficile.
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This is an open access article under the CC BY-NC-ND license.
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Inappropriate use of antimicrobials is a common and serious stewardship interventions because they are often prescribed unnec-
public health concern. Fluoroquinolones are an attractive target for essarily and they are associated with colonization and infection with
multidrug-resistant pathogens and Clostridioides difficile.'”> Previous

I studies suggest that fluoroquinolone restriction may be effective
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Recent guidelines recommend that antimicrobial stewardship
programs implement syndrome-specific interventions to improve
antibiotic use and clinical outcomes.'"'? Urinary tract infections
(UTI) and respiratory tract infections, particularly health care—asso-
ciated pneumonia (HCAP), are common syndromes that offer a great
opportunity to address the problem of inappropriate fluoroquino-
lone use.’®'* Fluoroquinolone are often prescribed for these syn-
dromes when alternative antibiotics may be more appropriate.’>"'°
Moreover, many fluoroquinolone regimens prescribed for presumed
UTIs are unnecessary because they are prescribed for asymptomatic
bacteriuria (ASB) that does not require treatment.?°-2® The fluoro-
quinolone component of “triple antibiotic therapy” regimens for
presumed HCAP is also often unnecessary because the diagnosis of
pneumonia is incorrect or the diagnosis of pneumonia is incorrectly
classified as HCAP based on the 2005 American Thoracic Society and
Infectious Diseases Society of America guidelines®’ (authors’ unpub-
lished data). In addition, many patients defined as having HCAP
based on the wide range of health care contact criteria listed in the
2005 guidelines may not be at high risk for multidrug-resistant
pathogens that would require such broad empiric triple antibiotic
therapy.?®%° Finally, the duration of therapy prescribed for UTIs is
often longer than necessary'”'° and the duration of the fluoroquin-
olone component of “triple antibiotic therapy” regimens for HCAP is
often longer than necessary owing to failures to de-escalate therapy
at 48-72 hours.*°

Here, we report the impact of an initial intervention to reduce treat-
ment of ASB and ensure concordance of UTI treatment with guidelines
followed by a formal stewardship intervention that included a focus on
reducing use of fluoroquinolones for treatment of HCAP. The primary
outcome was the impact of the interventions on fluoroquinolone use. A
secondary outcome was susceptibility of select gram-negative bacilli
and C difficile to fluoroquinolones.

METHODS
Study design and setting

We conducted a quasi-experimental study of antibiotic use and sus-
ceptibility from 2008 through 2016 at a 700-bed academic urban level
1 trauma center. From January 2008 through December 2009, baseline
data were collected on antibiotic use as well as appropriateness of labo-
ratory testing and antibiotic use for UTI syndromes. An initial 2-year
intervention focused primarily on reducing treatment of ASB and ensur-
ing concordance of UTI treatment (appropriate antimicrobial choice and
duration) with guidelines.>' > All provider documented UTI syndromes
were targeted for stewardship intervention including cystitis, pyelone-
phritis, complicated UTI, and ASB. For the purpose of making treatment
recommendations, cystitis and pyelonephritis were defined based on
proposed classification systems in the literature,>*>> whereas compli-
cated UTI and ASB were defined based on guideline definitions.!** A
second 5-year intervention focused on reducing use of fluoroquinolones
for treatment of provider documented cases of HCAP in conjunction
with a formal antimicrobial stewardship program. Recommendations
for therapy were based on the 2005 guideline definition of HCAP and on
local and emerging data regarding individual patient risk for multidrug-
resistant organisms.>’>° Both ciprofloxacin (antipseudomonal fluoro-
quinolone) and moxifloxacin (fluoroquinolone without significant
antipseudomonal activity) were on formulary. Infection prevention
interventions were monitored during the study. The study protocol was
approved by the hospital’s institutional review board.

ASB and UTI-focused stewardship intervention (intervention 1)

From January 2010 through December 2011, an intervention was
conducted that included education, modifications of the electronic

medical record (EMR), and audit and feedback. Grand rounds and
small group educational sessions were provided to staff physicians,
nurse practitioners, medical residents, and medical students in all
departments of the medical center. Educational sessions included
data collected from the baseline evaluation as well as information on
diagnosis and treatment of UTI, ASB, and appropriate use of urinary
catheters.

EMR interventions included changing urine culture orders
such that previous urine culture results and links to ASB, uncom-
plicated UTI, and complicated UTI guidelines were displayed
within the order.®'3 Order sets on management of UTIs were
created for the emergency department (ED) and for other serv-
ices. The ED implemented a financial incentive for use of the ED
UTI order set. Finally, an order for placement of indwelling uri-
nary catheters was created that required selection of an indica-
tion based on a list of appropriate indications. A daily alert was
also created that required providers to document continued need
for the catheter.

Audit and feedback interventions were implemented in 4 areas
that had frequent nonadherence to guidelines. From July to
August 2010, urine cultures ordered in internal medicine, family
medicine, and rehabilitation inpatient units were reviewed and
feedback was provided on the appropriateness of lab testing, UTI
therapy, and urinary catheter use. From December 2010 through
March 2011, all fluoroquinolone prescriptions and urine cultures
ordered in the medical intensive care and medical step-down
units were reviewed and feedback was provided regarding appro-
priateness of fluoroquinolone use and avoidance of antibiotic
therapy for ASB. From June through July 2011, urine cultures
ordered in the outpatient setting were reviewed and feedback
was provided regarding appropriateness of urine cultures and
treatment. From November 2011 through January 2012, charts of
female patients seen in the ED with a UTI diagnosis code were
reviewed and feedback was provided on appropriateness of urine
cultures and treatment.'®

HCAP intervention in conjunction with a formal antimicrobial
stewardship program (intervention 2)

From January 2012 through December 2016, a formal antimicro-
bial stewardship program was implemented. Audit and feedback and
education were the primary strategies used by the stewardship team.
One goal of the stewardship team was to limit overuse of fluoroqui-
nolones, primarily for HCAP. Approximately 80% of recommendations
related to fluoroquinolone use during this intervention period
were to stop the fluoroquinolone component of triple antibiotic ther-
apy prescribed for HCAP. The formal stewardship program also
focused on ensuring appropriate therapy for gram-positive bacter-
emia and CDI, and limiting overuse of carbapenems, especially
antipseudomonal carbapenems, and antibiotics with activity against
methicillin-resistant Staphylococcus aureus.

Outcomes

The primary outcome measure was inpatient fluoroquinolone use
and changes in fluoroquinolone use over time in the baseline versus
intervention periods. Secondary outcomes included fluoroquinolone
susceptibility in select gram-negative bacilli (Pseudomonas aeruginosa,
Escherichia coli, and Klebsiella spp) and C difficile, trends in total inpatient
antibiotic use (ie, all intravenous and oral antibacterials excluding topi-
cal agents) and trends in use of other antibiotics including some com-
monly used alternatives to fluoroquinolones (piperacillin-tazobactam,
ceftriaxone, trimethoprim-sulfamethoxazole, nitrofurantoin, intrave-
nous vancomycin, and carbapenems), and the incidence of health care
facility-onset CDI.>®
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Microbiology

Antibiotic susceptibility data for the gram-negative bacilli were
obtained from the hospital’s yearly antibiogram that included both
inpatient and outpatient isolates from any source. Only the first iso-
late per patient per year was included. Susceptibility testing was
determined with the VITEK 2 system (bioMérieux, Marcy-I'Etoile,
France). Intermediately susceptible isolates were considered resis-
tant. For C difficile, 20 to 30 consecutive stool specimens that tested
positive for toxigenic C difficile in the clinical microbiology laboratory
were collected at multiple time points during the study. The stool
specimens were cultured for toxigenic C difficile and isolates recov-
ered were tested for binary toxin, tcdC deletion, and fluoroquinolone
susceptibility as previously described.>’

Data analysis

Data on patient charges for antibiotic use (except for carbapenems
and total antibiotics) were available from quarter 1, 2008 through quar-
ter 4, 2011. Antibiotic days of therapy per 1,000 patient days from the
EMR (including carbapenems and total antibiotics) were available from
quarter 2, 2009 through quarter 4, 2016. To provide a sufficient number
of baseline time points for interrupted time series analyses, we used
data on patient charges for antibiotic use, converted to defined daily
doses per 1,000 patient days, for the comparison of baseline and ASB/
UTI intervention periods. Antibiotic days of therapy per 1,000 patient
days from the EMR were used for the comparison of ASB/UTI versus
HCAP intervention periods.

The primary outcomes of fluoroquinolone use and changes in
fluoroquinolone use over time were analyzed using the Poisson
tests of rates and segmented regression analysis, respectively.
The 4 tests of the primary endpoints were adjusted using a Bon-
ferroni correction. The x? tests, with simulated P values in instan-
ces of small cell counts, were used to assess differences in the rate
of fluoroquinolone susceptibility across periods (baseline, inter-
vention 1, intervention 2). Changes in fluoroquinolone suscepti-
bility were assessed separately for P aeruginosa, E coli, Klebsiella
spp, and C difficile. Spearman rank correlations were used to
assess associations between yearly inpatient fluoroquinolone use
and yearly susceptibility rates in these organisms from 2009 to
2016, and between quarterly inpatient fluoroquinolone use and
quarterly incidence of CDI. Changes in use of additional inpatient
antibiotics over time were examined across the intervention peri-
ods and analyzed using segmented regression analysis. All P val-
ues from analyses of secondary endpoints are presented without
adjustment. All analyses were performed using R software 3.4.2
(R Foundation for Statistical Computing, Vienna, Austria).
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RESULTS

Figure 1 shows the impact of the ASB and UTI intervention on use
of fluoroquinolones, ceftriaxone, piperacillin/tazobactam, and intra-
venous vancomycin. The intervention resulted in a significant reduc-
tion in total inpatient fluoroquinolone use (rate ratio=0.91; adjusted
P < .01) with a significant change from an increasing to a decreasing
rate of use (change in slope of quarterly defined daily doses/1,000
patient days=-21.3; adjusted P < .01). The reduction was mainly
attributable to reduced ciprofloxacin use (Fig 1A). The ASB and UTI
intervention was also associated with a significant change from an
increasing to a decreasing rate of piperacillin/tazobactam use (change
in slope of quarterly charge defined daily doses/1,000 patient
days = —22.7; P <.01) and nitrofurantoin use (change in slope of quar-
terly charge defined daily doses/1,000 patient days=—-1.53; P < .05).
There were no significant changes in the slopes of use of ceftriaxone,
intravenous vancomycin, or trimethoprim/sulfamethoxazole. Data
for trimethoprim/sulfamethoxazole and nitrofurantoin are not shown
as numbers were small.

Figure 2 shows the impact of the HCAP intervention in conjunc-
tion with implementation of a formal stewardship program on anti-
biotic use. The intervention resulted in a continued significant
reduction in fluoroquinolone use (rate ratio = 0.68; adjusted P < .01),
despite a significant slowing in the rate of decrease of fluoroquino-
lone use (change in slope of quarterly EMR days of therapy/1,000
patient days = 1.87; adjusted P < .05) (Fig 2A). There were no signifi-
cant changes in the slopes of use for piperacillin/tazobactam, ceftri-
axone, carbapenems, intravenous vancomycin, trimethoprim/
sulfamethoxazole, or nitrofurantoin. Total antibiotic use decreased
during the interventions (rate ratio=0.88; P < .01, but there was no
statistically significant change in slope of use between interventions
1 and 2) (Fig 2B).

A total of 5,397 isolates of P aeruginosa, 36,533 isolates of E coli,
and 9,031 isolates of Klebsiella spp were included in the antibiogram
data during the study. Figure 3 shows the fluoroquinolone suscepti-
bility of selected gram-negative bacilli during the study. We observed
a significant negative correlation between inpatient fluoroquinolone
use and fluoroquinolone susceptibility in P aeruginosa (Spearman’s
rho=-0.98; P < .01), but not in other analyzed gram-negative bacilli
(E coli and Klebsiella spp). The fluoroquinolone susceptibility rate in
P aeruginosa differed across periods (P < .01), with a marked increase
from 75% and 76% in the baseline and intervention 1 periods, respec-
tively, to 84% during intervention 2. There was no change in fluoro-
quinolone susceptibility in E coli (84% baseline vs 85% after the
interventions). In Klebsiella spp, the fluoroquinolone susceptibility
rate differed across periods (P < .01) with the lowest susceptibility
rate observed during intervention 1.
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Fig 1. Changes in inpatient use of fluoroquinolones (A) and ceftriaxone, piperacillin/tazobactam, and intravenous vancomycin (B) associated with a 2-year intervention focused on
reducing treatment of ASB and ensuring concordance of UTI treatment with guidelines. Fluoroquinolones included ciprofloxacin and moxifloxacin. Data on patient charges for anti-
biotic use were used to calculate predicted defined daily doses per 1,000 patient days for the baseline and intervention periods. ASB, asymptomatic bacteriuria; UTI, urinary tract

infection.
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Fig 2. Changes in use of fluoroquinolones, carbapenems, ceftriaxone, piperacillin/tazobactam, and intravenous vancomycin (A) and in total antibiotic use (B) associated with a
5-year intervention focused on reducing inappropriate use of fluoroquinolones for treatment of HCAP in conjunction with implementation of a formal antimicrobial stewardship
program. Carbapenems on formulary included imipenem-cilastatin, meropenem, and ertapenem. ASB, asymptomatic bacteriuria; HCAP, health care—associated pneumonia; UTI, uri-

nary tract infection.

As shown in Figure 4, there was no significant decrease in the inci-
dence of health care facility-onset CDI during the intervention periods
(P> .5). A total of 143 C difficile isolates were tested for strain type and
fluoroquinolone susceptibility during the study. There was no observed
change in the percentages of C difficile isolates that were epidemic
NAP1/027/BI strains, nor in fluoroquinolone susceptibility of C difficile
(53% baseline vs 44% after the interventions). All NAP1/027/BI strains
were resistant to moxifloxacin, whereas none of the non-NAP1/027/BI
strains were resistant to moxifloxacin. Infection prevention interven-
tions during the study included a hand hygiene intervention in 2010
that was associated with improved compliance with use of alcohol hand
sanitizer and an environmental disinfection intervention beginning in
November 2013, that resulted in improved thoroughness of cleaning
and reduced recovery of C difficile from CDI rooms after cleaning.®

Klebsiella oxytoca
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DISCUSSION

We found that a stewardship intervention focused on reducing
treatment of ASB and ensuring concordance of UTI treatment with
guidelines resulted in a significant reduction in use of fluoroquino-
lones. A further reduction was achieved with a stewardship inter-
vention focused on reducing inappropriate use of fluoroquinolones
for HCAP in conjunction with a formal antimicrobial stewardship
program. The magnitude of the reduction in fluoroquinolone use is
consistent with our previous report that 39% of all days of fluoro-
quinolone therapy in our facility were unnecessary.'® The reduc-
tion in inpatient fluoroquinolone use was associated with an
increase in fluoroquinolone susceptibility in P aeruginosa, but not
in other gram-negative bacilli or C difficile and was not associated
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Fig 3. Fluoroquinolone susceptibility of selected gram-negative bacilli during sequential interventions to reduce unnecessary use of fluoroquinolones. The first 2-year intervention
focused on reducing unnecessary use of fluoroquinolones for treatment of UTIs and ASB. The second 5-year intervention focused on reducing unnecessary use of fluoroquinolones
for treatment of HCAP in conjunction with a formal antimicrobial stewardship program. ASB, asymptomatic bacteriuria; HCAP, health care—associated pneumonia; UTI, urinary tract

infection.
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Fig 4. Changes in the incidence of health care facility-onset CDI and in the percentage of C difficile isolates susceptible to fluoroquinolones during sequential interventions to reduce
unnecessary use of fluoroquinolones. The first 2-year intervention focused on reducing unnecessary use of fluoroquinolones for treatment of UTI and ASB. The second 5-year inter-
vention focused on reducing unnecessary use of fluoroquinolones for treatment of HCAP in conjunction with a formal antimicrobial stewardship program. ASB, asymptomatic bacte-
riuria; CDI, Clostridioides difficile infection; HCAP, health care—associated pneumonia; UTI, urinary tract infection.

with a decrease in the incidence of health care facility-associated
CDL.

Our findings demonstrate that interventions focused on specific
syndromes can have a substantial impact in reducing overuse of fluo-
roquinolone and may contribute to reductions in total antibiotic ther-
apy. Although one goal of the ASB and UTI intervention was to
substitute alternative agents for fluoroquinolones for treatment of
symptomatic UTI in accordance with current guidelines (eg, use of
nitrofurantoin rather than ciprofloxacin for uncomplicated cystitis),
the major goal of the intervention was to reduce unnecessary fluoro-
quinolone use by stopping treatment of ASB and preventing longer
than recommended durations of therapy for symptomatic UTI. This
was based on our previous finding that a substantial percentage of
unnecessary antibiotic use was owing to longer than necessary treat-
ment durations and treatment of colonizing or contaminating micro-
organisms,'®?> and was demonstrated in one of our ASB and UTI-
focused initiatives.'® The subsequent intervention also focused on
stopping unnecessary fluoroquinolone therapy, mostly for patients
with presumed HCAP. Thus, during both intervention periods, we
sought to avoid the “squeezing the balloon” phenomenon, in which
reductions in use of a targeted antibiotic class result in increases
in use of alternative antibiotic classes.? In fact, changes in use over
time for the additional antibiotics analyzed either remained flat
or decreased, possibly related to providers’ general acceptance of
antimicrobial stewardship principles for other syndromes as well.

Our results are consistent with previous studies that demon-
strated increased fluoroquinolone susceptibility in clinical isolates of
P aeruginosa with reductions in fluoroquinolone use.? In contrast to
several previous studies, we did not demonstrate the same improve-
ments in fluoroquinolone susceptibility in E coli and Klebsiella spp.
Whether and how quickly rates of resistance to a particular antibiotic
can be reversed in a particular organism when use of that antibiotic is
reduced is complex.”® It has been suggested that the least naturally

sensitive species acquire higher levels of resistance more rapidly and
may become susceptible more rapidly with antibiotic restriction.*!
Thus, it is plausible that P aeruginosa might exhibit more rapid
improvements in fluoroquinolone susceptibility after reduction in
fluoroquinolone use because of reduced intrinsic susceptibility to flu-
oroquinolones in comparison to Enterobacteriaceae such as E coli or
Klebsiella spp. The degree to which preferentially decreasing anti-
pseudomonal fluoroquinolones as well as antipseudomonal carbape-
nems contributed to the different results observed for P aeruginosa as
compared to E coli and Klebsiella spp is unclear.

Improvements in susceptibility may also be more likely when the
microorganisms evaluated are collected in the same ecologic setting
in which the antibiotic of interest is decreased. In many of the previ-
ous studies, isolates were obtained from the same ecologic setting
(eg, hospital unit or geographic region) in which the reduction in flu-
oroquinolone use occurred. Our interventions primarily targeted
inpatient fluoroquinolone use, but measured fluoroquinolone suscep-
tibility from our yearly hospital antibiogram that included isolates
from both the inpatient and outpatient setting. We did not have
access to separate inpatient and outpatient antibiogram data during
the entire study; however, based on data from the last 2 study years,
62% of P aeruginosa, but only 30% of E coli, isolates represented in the
antibiogram were collected in the inpatient setting. Thus, for P aerugi-
nosa, but not for E coli, the isolates tested for susceptibility were
mostly from the same ecologic setting (inpatient setting), in which
the greatest reduction in fluoroquinolone use occurred. In addition,
fluoroquinolone susceptibility rates at the beginning of the study
were higher for E coli and Klebsiella spp as compared to P aeruginosa,
leaving less room for significant improvement.

The incidence of health care facility-onset CDI did not decrease
significantly during the study nor was there a significant decrease in
the proportion of isolates that were moxifloxacin-resistant BI/NAP1/
027 epidemic strains. This is in contrast to findings from several
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recent studies that have suggested fluoroquinolone restriction may
be a useful CDI control measure, particularly in settings with a high
proportion of infections due to fluoroquinolone-resistant strains of
C difficile.*"'° One potential explanation for this discrepancy might be
that the United Kingdom intervention occurred nationwide. It is plau-
sible that single hospital interventions might be less effective than
regional or national efforts because of frequent inter-facility sharing
of patients. In addition, many of the previous reports of reductions in
CDI with fluoroquinolone restriction occurred in outbreak settings,
whereas our intervention was implemented in a nonoutbreak setting
with relatively low baseline rates of CDI.

Our study has some limitations. The intervention was conducted
in 1 hospital and was quasi-experimental in design. Thus, we cannot
exclude the possibility that factors other than the interventions
reduced fluoroquinolone prescribing during the period of the study.
Future studies are needed in other settings and with other hospitals
as controls. Antibiotic susceptibility data were obtained from the
medical center’s antibiogram data, representing only the first isolate
per patient per year, rather than all clinical isolates. This was the only
consistent source of susceptibility data over the entire course of the
study. It is also a practical measure of antibiotic susceptibility for
stewardship programs. We used intermittent point-prevalence sur-
veys to assess fluoroquinolone susceptibility of C difficile isolates and
the percentage of infecting isolates that were BI/027/NAP1 strains.
Thus, we cannot exclude the possibility that results would have dif-
fered if more intensive surveillance had been conducted. There is a
need for randomized trials to evaluate fluoroquinolone restriction as
a control measure for CDI.

CONCLUSIONS

Our study adds to the existing antimicrobial stewardship literature
by demonstrating that interventions focused on specific syndromes
including ASB/UTI and HCAP can result in significant reductions in
fluoroquinolone use. The reduction in inpatient fluoroquinolone use
was associated with an increase in fluoroquinolone susceptibility in
P aeruginosa, but not other Enterobacteriaceae or C difficile.
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