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Abstract

Introduction: Urinary tract infection (UTI) is one of the most com-
mon infections, has frequent recurrences, and may debilitate qual-
ity of life. UTI is considered recurrent if there are three individual
cases of UTI within 12 months. The objective of this study was to
set a baseline for recurrent urinary tract infections (rUTI) in women,
and rUTl-associated antibiotic prescribing in the presence of anti-
microbial stewardship efforts.

Methods: Data for rUTI in women were organized through a
provincial prescription database, physician billing system, and a
consolidation file to combine antibiotic prescribing, diagnoses,
and patient demographics. Rates of rUTI cases and prescriptions
were examined, and trends of antibiotics were separated by major
anatomical therapeutic chemical classes.

Results: A total of 2 234 903 rUTl-associated prescriptions were
dispensed for 674 785 rUTI cases from 2008-2018; 2 205 703
prescriptions were for treatment and 29 310 prescriptions were for
prophylaxis of rUTI. The prevalence of rUTI cases declined by 59%,
while overall rUTl-associated antibiotic prescribing decreased by
73%. The greatest decrease was seen in quinolones (87%), while
nitrofurantoin became the most common rUTI antibiotic dispensed,
accounting for 42% of prescriptions overall.

Conclusions: Implementation of numerous antimicrobial steward-
ship efforts may have contributed to the decrease in antibiotic pre-
scribing, particularly for quinolones. In line with local antibiograms
and guidelines, nitrofurantoin is the most used antibiotic for rUTI
by far, distinctly preferred over other antibiotics secondary to the
lack of E. coli resistance.

Introduction

Urinary tract infection (UTI) is one of the most common
bacterial infections, typically caused by E. coli, S. saprophyti-
cus, and other enterobacteriaceae.' Women are commonly
affected, with more than half experiencing a UTI in their
lifetime.? Furthermore, 20-30% of women who encounter
one episode of UTI are expected to experience a recurrence
(rUTI), defined as three episodes of UTI within 12 months.>?
Repeat occurrences contribute significantly to worldwide
healthcare burden, especially in cost. In 2000, the U.S.
relinquished roughly $2.47 billion to treat UTI in women.*
In 2019, Canada expended $264 billion for healthcare, the
same system in which UTI was the fifth most common reason
for emergency department visits and the eighth most com-
mon reason for outpatient clinic visits in 2013.5

Effective management of rUTI is critical, as these infec-
tions cause significant discomfort for women and deterio-
rate quality of life.>” However, current evidence behind best
practices for treating or preventing rUTI has changed with
time, with most guidelines suggesting long-term prophylactic
antibiotics; yet, optimal duration and antibiotic choices are
inconclusive.”® Blind spots in empirical treatment guidelines
can contribute to suboptimal or inconsistent treatment and
increase the risk of inappropriate antibiotic use. Antimicrobial
resistance (AMR) is a current global health crisis, jeopardiz-
ing the long-term efficacy of these essential medications. In
Canada, the treatment of drug-resistant infections accounts
for $250 million dollars annually in direct medical costs.® As
UTIs are among both the most common and aggressive forms
of resistant infections, the delineation and optimization of
their treatment is imperative.'® Consequences of unchecked
AMR encompass increased financial burden in healthcare,
as well as losses in GDP, exponential loss of life, and dimin-
ished quality of life. Further, an expert panel determined
that resistance effects Canadians disparately, with our most
vulnerable groups at highest risk.'

Recurrent UTI guidelines and community-based antimi-
crobial stewardship programs, such as Do Bugs Need Drugs?
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(DBND), have been incorporated into evidence-based prac-
tice to help Canadian physicians prescribe appropriately.®'!
However, the use of local bacterial resistance patterns is also
essential when identifying optimal therapeutic choices.'*'>

The purpose of this population-based study was to examine
the characteristics of adult women in British Columbia (BC),
who met the criteria for rUTI, and associated use of antibiotics.
Annual trends were analyzed to explore outcomes of inter-
est, such as rates of annual rUTI cases, differences in cases
between different age groups and rural/urban areas, rates of
UTl-associated antibiotic prescribing, and comparing the pro-
portion of treatment to prophylactic antibiotic use.

Methods

Study databases

This study was conducted using three provincial databases
containing healthcare-related data on patients in BC.'*"8
PharmaNet is a centralized network connecting pharmacies
for all prescriptions filled in the province. This index was
used to collect antibiotic dispensing information, as classi-
fied by the Anatomical Therapeutic Chemical (ATC) system.
The ATC system has been developed and annually updated
by the World Health Organization (WHO) and is an integral
part of Health Canada’s drug classification.?*?' The Medical
Services Plan (MSP) is the public health index for physician
billing in BC, documenting information regarding physi-
cian visits, including diagnostic codes from the ninth revi-
sion of International Classification of Diseases (ICD-9).2?
Patient demographics were pulled from a consolidation
file.'” Patient confidentiality was maintained using anony-
mized study IDs to link these databases in lieu of personal
health numbers. Data was anonymized and made avail-
able to researchers by Population Data BC. All inferences,
opinions, and conclusions drawn in this study are those of
the authors, and do not reflect the opinions or policies of
the Data Steward(s).

Study cohort

Data extraction included all records for women who were at
least 19 years of age and residents of BC between January 1,
2008, and December 31, 2018. The definition of a woman
with an rUTI required at least three individual MSP diag-
noses of UTI within a 12-month period. The date of the
first UTI diagnosis was the index date for each UTI event.
To rule out ineffective treatment for a single UTI infection,
only those physician visits =30 days apart were counted
to identify an event.>**?> UTl-related diagnoses included:
pyelonephritis (590), cystitis (595), and other disorders of
urethra and urinary tract (599).2¢

Antibiotic information was extracted from PharmaNet and
linked to relevant UTI diagnoses using an algorithm that
matched the date of dispensation to an MSP record, within
five days. Multiple prescriptions per patient were permitted
in the analyses, as patients in the cohort must have received
at least three UTI diagnoses within a 12-month period to be
included. These prescriptions were differentiated by dura-
tion; prescriptions with a duration of 14 days or fewer were
considered treatment, since this is the maximum period sug-
gested for treatment, while a duration of 28 days or more
was considered prophylaxis, based on trials conducted for
rUTI.2® Any rUTl-associated prescription longer than 28 days
was considered prophylactic to exclude treatment prescrip-
tions of inappropriate duration and to include short-term
prophylactic prescriptions. Antibiotic classes analyzed
included: penicillins [JO1C], other beta-lactam antibacterials
[J01D], sulfonamides and trimethoprim [JO1E], quinolones
[JOTM], and other antibacterials [JO1X].

A postal code-based algorithm was used to determine
neighborhood income quintiles, and rural status was identi-
fied by a 0 in the second position of the postal code. These
methods are standardized by Statistics Canada.?”

Study outcomes

All rates were calculated per 1000 population per year, using
age and location-specific denominator estimates for the pop-
ulation through statistics BC.?® We first looked at rates of
rUTI women per 1000 population across age groups (19-49,
50-64, 65-79, 80+), income quintiles, and rural/urban sta-
tus, to compare subgroup characteristics and trends.

The overall rate of rUTl-associated antibiotic prescrip-
tions, and antibiotic classes and drugs were compared to
identify trends and establish the most and least commonly
prescribed antibacterials for rUTI. In addition, the ratio of
treatment to prophylaxis prescriptions dispensed was ana-
lyzed to assess the relative use of prophylaxis in practice,
over time. Annual trends of rUTI cases and antibiotic pre-
scribing were measured with generalized linear regression
models (Poisson, a=0.05). All analyses were conducted
through Excel, SAS 9.4 and R version 4.0.3.

Overall cohort trends

As shown in Table 1, 674 785 women with rUTI were identi-
fied during the study period, with the majority of patients
aged 19-49 years and living in urban regions; women were
equally distributed within the various income quintiles.
However, upon applying population denominators, the
highest rates of rUTI per 1000 population was concentrated
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Table 1. Cohort characteristics

Cohort characteristics (n) Overall
(2008-2018)
Total number of UTI patients 3307 765
Mean UTI diagnoses per patient 8.24
Number of rUTI patients 674 785
Number of rUTI patients by age
19-49 309 145
50-64 149 115
65-79 124 054
80+ 92 471
Number of rUTI patients by income quintile’
Quintile 1 (lowest) 138 196
Quintile 2 135 949
Quintile 3 133 785
Quintile 4 134 828
Quintile 5 (highest) 123 925
Missing® 8102
Number of rUTI patients by rural/urban status?
Rural 96 341
Urban 552 518
Missing® 25 926
rUTl-associated antibiotic prescriptions 2 234 903

'Population Data BC determined neighborhood income quintile (i.e., household size-
adjusted measure of household income) using a postal code based algorithm standardized
by Statistics Canada. 2Rural status represents local population of 1000 to 29 999; urban
status represents local population =30 000. *Missing represents absent or not applicable
patient demographic information. rUTI: recurrent urinary tract infection.

among women above 80 years of age, those living in rural
regions, and in the lowest income quintile.

Recurrent urinary tract infections

Overall, prevalence of rUTIl in women decreased by 59%
between 2008 and 2018 (p<0.05) (Fig. 1). A decreasing trend
of rUTI was identified when women were stratified by age,
with the steepest decline occurring in women aged 19-49
years (65%) between 2008 and 2018. Although rUTI in the
elderly, aged 80 years or older, also declined, it was to a
lesser degree (45%) during the study period. Women in all
income quintiles experienced a decrease in rates of rUTI by
59-61% over the study period, with no significant differ-
ence in trends found across quintiles (data not shown). With
respect to geographic distributions, the number of women
with rUTI decreased by 15% for urban and 17% for rural
regions over the study period (data not shown).

Treatment and prophylaxis dispensing

Over the study period, the dispensation of treatment antibiotics
(n=2 205 703) dominated over prophylactic antibiotics (n=29
310) (Table 2). Treatment antibiotic dispensing decreased by
73%, from 186 prescriptions per 1000 population in 2008, to
50 prescriptions by 2018. Prophylactic antibiotic dispensing
saw a comparable 70% reduction during the study period
(2000: 2/1000; 2018: 0.7/1000) (Table 2). In a comparison
of treatment and prophylaxis antibiotic dispensing, there was
a decrease of 9% over the study period (Table 2).

Drug and drug dass-specific trends
Over 2 234 903 prescriptions for oral antibiotics were dis-

pensed for rUTI during the 11-year study period (Table 1).
Fig. 2 details the rUTl-associ-
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ated prescriptions dispensed, by
major ATC class. Overall, rUTI-
associated antibiotic use decreased
from 188 prescriptions per 1000
population to only 51 by the end
of the study period (p<0.05) (Table
2). Quinolones (JOTM), the most
frequently dispensed rUTl-asso-
ciated antibiotic class until 2011,
had the greatest decrease (87%),
from 84 to 11 prescriptions per
1000 women over the study period
(p<0.05), and this was related to
an 86% decrease in ciprofloxacin
dispensing (Table 3). In contrast,
other quinolones, including oflox-
acin, levofloxacin, moxifloxacin,

2016 2017 2018 . X .
2108 | 2096  17.61 and particularly norfloxacin, with
2.20 | 2161 | 17.99 four prescriptions dispensed per
20.76 20.78 17.29 . l
3374 | 3265 | 2697 1000 women in 2008, were rarely
6383 5033 5161 used at the end of the study period

(Table 3).

Fig. 1. Rate of recurrent urinary tract infections (rUTls) in women by age from 2008-2018.
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Table 2. Rate of rUTI-associated antibiotic use over time by prescription type

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

rUTl-associated prescriptions'  188.10 52.28 53.05 52.05 137.38  60.37 147.68  98.43 58.09 61.90 51.04
Treatment 185.84  51.14 51.95 51.01 135.86 59.50 146.18  97.56 57.36 61.06 50.34
Prophylactic 2.27 1.01 1.00 0.92 1.61 0.84 1.63 1.16 0.73 0.79 0.67
Ratio? 82.0 50.7 52.0 55.4 84.4 70.8 89.7 83.9 78.7 77.1 74.9

'Rates calculated as prescriptions per 1000 population. 2Ratio of treatment:prophylactic use. rUTI: recurrent urinary tract infection.

The decline in the quinolone class was followed by an 84%
reduction in the class of sulfonamides and trimethoprim (JOTE),
from 33 to five prescriptions per 1000 women over the study
period (p<0.05), attributed to an 85% decrease in sulfamethox-
azole and trimethoprim (SMX/TMP) dispensing (Table 3).

Penicillin J01C) dispensing decreased by 69% over the
study period (p<0.05). Although use of most penicillin anti-
biotics decreased by 78-95%, amoxicillin with an enzyme
inhibitor increased by 28% (Table 3). Cephalosporins (J01D)
remained consistent, with only a 7% decrease over the study
period (p<0.05), but within this antibiotic class, cephalexin
and cefuroxime use decreased by 66% and 70%, respec-
tively, while cefixime dispensing increased four-fold from
1.2 to 4.7 prescriptions per 1000 women per year over the
study period. In 2008, penicillin and cephalosporins were
the two antibiotic classes least likely to be dispensed for
rUTI, and this remained true for 2018 as well.

The use of JO1X drugs decreased by 54%, from 56 to 26
prescriptions per 1000 women over the study period (p<0.05),
related to a decrease of 61% in use of nitrofurantoin, but fos-
fomycin use increased from 0.02 to 1.64 prescriptions per
1000 women (Fig. 2, Table 3). In 2008, ciprofloxacin was the
most used antibiotic, with 79.2 prescriptions dispensed per
1000 women; however, its use was overtaken by nitrofurantoin

from 2010 onward, and in 2018, nitrofurantoin persisted as the
most dispensed rUTl-associated antibiotic, with 21.5 prescrip-
tions dispensed per 1000 women in 2018 (Table 3). Still cip-
rofloxacin remains frequently used, and was the second most
dispensed antibiotic for rUTI at the end of the study period,
with 11 prescriptions per 1000 women in 2018.

Nitrofurantoin was dispensed the most for both treat-
ment and prophylaxis (Supplementary Figs. 1, 2; available at
cuaj.ca). Its dispensation decreased by 61%, from 52.8 to
20.8 treatment prescriptions per 1000 women, and 72%,
from 1.25 to 0.35 prophylactic prescriptions per 1000
women over the study period. Prophylactic prescriptions for
ciprofloxacin and sulfamethoxazole and trimethoprim (SMX/
TMP) were few in comparison; and dispensation decreased
for both antibiotics by approximately 70%, with prophylac-
tic ciprofloxacin dispensing decreasing by 73%, from 0.24
to 0.06 prescriptions per 1000 women, and prophylactic
SMX/TMP dispensing decreasing by 72%, from 0.38 to 0.15
prescriptions per 1000 women.

Discussion

Across 11 years, over 2 million prescriptions for rUTl-asso-
ciated antibiotics were dispensed to women aged 19 and
older. The prevalence of women
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confounder is that a decrease in
the diagnosis of rUTI itself would
likely decrease the rates of pre-
scribing. However, there was a
34% decrease in overall prescrip-
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a decrease in antibiotic use, inde-

— Overall (J01) _ : . _ . . . . . . pendent of rates of rUTI.

Beta-lactam antibacterials, penicillins 7.92 2.49 2.45 2.36 5.57 2.78 6.44 4.53 2.74 2.73 2.48 . .l . .
—— Other beta-lactam antibacterials 7.19 277 3.04 3.06 749 447 7.01 4.85 438 6.20 6.66 Va”ablllty n decreasmg rates
—-— Sulfonamides and trimethoprim 3298 822 7.77 7.00 1524 712 1579 10.10 560 594 5.12 of rUTI across age groups can
—— Other antibacterials 56.11 1717 19.82 21.39 66.15 2756 77.09 5232 30.44 33.64 25.58 . . h
------ Quinolone antibacterials 8390 2163 1997 1825 4293 1844 4135 2663 1492 1338  11.20 be attributed to advances in the

clinical characterizations of vari-

Fig. 2. Rates of antibiotic prescribing by major anatomical therapeutic chemical (ATC) class for women with

recurrent urinary tract infections from 2008-2018.
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Recurrent urinary tract infections

Table. 3. Antibiotic use (%) over time, by medications of interest
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Beta-lactam (JO1C)

Phenoxymethylpenicillin 0.09% 0.16% 0.14% 0.10% 0.08% 0.07% 0.06% 0.08% 0.09% 0.06% 0.06%
Amoxicilln 3.47% 3.64% 353% 3.23% 295% 3.25% 2.86% 2.87% 2.89% 2.60% 2.76%
Ampicillin 0.20% 0.23% 0.18% 0.15% 0.11% 0.16% 0.10% 0.13% 0.15% 0.09%  0.10%
Cloxacillin 0.04% 0.04% 0.04% 0.05% 0.04% 0.02% 0.02% 0.02% 0.01% 0.03% 0.01%
Amoxicillin with enzyme inhibitor 0.40% 0.70% 0.69% 0.98% 0.86% 1.09% 1.31% 1.50% 1.57% 1.63% 1.90%
Other beta-lactams (JO1D)
Cephalexin 2.67% 343% 3.29% 2.92% 249% 2.80% 2.46% 2.42% 2.43% 2.73% 3.30%
Cefuroxime 0.48% 0.60% 0.62% 0.71% 0.61% 0.73% 0.73% 0.64% 0.69% 0.62% 0.54%
Cefixime 0.62% 1.16% 1.79% 2.25% 2.35% 3.87% 1.55% 1.87% 4.42% 6.67% 9.20%
Sulfonamides & trimethoprim (JO1E)
Trimethoprim 0.24% 0.32% 0.34% 0.28% 0.19% 0.22% 0.21% 0.16% 0.20% 0.22% 0.21%
Sulfamethoxazole & trimethoprim 17.31% 15.44% 14.32% 13.17% 10.91% 11.58% 10.49% 10.11% 9.46% 9.38% 9.82%
Quinolones (JO1M)
Ciprofloxacin 42.17% 39.52% 36.24% 33.87% 30.31% 29.83% 27.51% 26.68% 25.33% 21.28% 21.69%
Ofloxacin 0.05% 0.02% 0.01% 0.01% 0.01% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00%
Levofloxacin 0.19% 0.22% 0.21% 0.18% 0.16% 0.16% 0.09% 0.09% 0.11% 0.12% 0.11%
Norfloxacin 212% 1.53% 0.99% 0.84% 0.62% 0.42% 0.29% 0.15% 0.14% 0.10% 0.06%
Moxifloxacin 0.13% 0.19% 0.25% 0.20% 0.16% 0.16% 0.13% 0.15% 0.12% 0.13% 0.11%
Other antibacterial (JO1X)
Nitrofurantoin 29.28% 32.09% 36.72% 40.46% 47.45% 44.15% 49.50% 49.37% 46.59% 47.33% 42.16%
Fosfomycin 0.01% 0.08% 0.05% 0.00% 0.04% 0.81% 2.03% 3.13% 5.14% 6.35% 7.21%
Metronidazole 0.52% 0.63% 0.57% 0.60% 0.67% 0.69% 0.67% 0.63% 0.66% 0.66% 0.75%

viously been misdiagnosed as rUTI. For younger women
aged 19-49 years, the 65% decrease observed may be
linked, in part, to an increased awareness of interstitial
cystitis/bladder pain syndrome, which can present simi-
larly to rUTI, but does not require antibiotic treatment.??3°
In 2016, Canadian guidelines were released to clarify the
diagnosis and subsequent treatment of interstitial cystitis/
bladder pain syndrome, which correlate temporally with
a decrease in observed cases of rUTI in our study popula-
tion.’' Stewardship efforts to address the issue of inappropri-
ate prescribing for asymptomatic bacteriuria may account
for the observed decrease of rUTI in women aged 80 years
and above.??* As this condition does not necessitate anti-
microbial use, its proper diagnosis and management is
imperative, as suboptimal use of antibiotic treatment and
prophylaxis in elderly populations has been associated with
increased risk for adverse outcomes.?*3

Another promising finding in our study is the low level
of prophylactic antibiotics dispensed. The use of prophylac-
tic antibiotics is associated with increased resistance, likely
from the constant use of antibiotics over time.?” In addition,
there is a lack of evidence in the optimal duration and antibi-
otic choices for prophylaxis, and UTl is known to recur after
the termination of prophylaxis.” Infrequent prophylaxis use
reflects recommendations to curtail resistance.’” However,
other factors, such as frequency of infections or recurrence,

as well as the sequelae of infections, may also play an inte-
gral role in low prophylactic use.

The steep decline in ciprofloxacin use, an 86% decrease
over the study period, is an achievement of significance.
Ciprofloxacin, while superior to non-quinolone antibiotics
in clinical outcomes when treating uncomplicated UTI in
women, is a broad-spectrum antibiotic with severe conse-
quences of resistance and adverse drug events.?** In addi-
tion, an alarming increase in ciprofloxacin-resistant E. coli,
the most common pathogen in UTI, has been noted across
the globe, including British Columbia.** To combat antibiotic
resistance and enhance appropriate drug use, the commu-
nity antimicrobial stewardship program, DBND, had a clini-
cian education program cautioning against fluoroquinolone
use but promoting the use of nitrofurantoin, which at the
time had only 2.1% of E. coli-resistant isolates.*!***

While the dispensation of most antibiotics declined over
the study period, amoxicillin-clavulanate, cefixime, and
fosfomycin dispensing increased, which may be explained
by local beta-lactam susceptibility patterns.** In 2016, 41%
of British Columbia’s E. coli isolates were resistant to mono-
therapy ampicillin, while only 24% were resistant to amoxi-
cillin/clavulanate and 11% were resistant to third-generation
oral cephalosporin, cefixime.*! With superior activity against
resistant uropathogens, amoxicillin/clavulanate and cefixime
would be preferred. Fosfomycin, on the other hand, has
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been recommended to be used as a first-line UTI antibi-
otic in the European Society of Clinical Microbiology and
Infectious Diseases/Infectious Diseases Society of America
(ESMID/IDSA) guidelines of 2011, studied to be as effective
as nitrofurantoin in treating UTL.*> However, the use of these
antibiotics for rUTI are very minimal compared to the use
of nitrofurantoin or ciprofloxacin.

BC-specific guidelines released in 2016 for UTI suggest
reserving amoxicillin/clavulanate and cefixime for condi-
tions where there is a possibility of increased resistance
found in uropathogens.*® In addition, ESMID/IDSA guide-
lines suggest reserving fosfomycin for its efficacy against
multidrug-resistant isolates, electing to use nitrofurantoin
or SMX/TMP instead.* The findings of our study are in line
with guideline recommendations, and indicate appropriate
prescribing for rUTI in BC.

There were no international studies identified that
observed the prevalence of women with rUTI and asso-
ciated prescriptions against which to compare our results.
However, a similar Canadian study conducted by Daneman
et al examined the use of fluoroquinolones for uncompli-
cated UTI in women from six Canadian provinces between
2005 and 2015; the provinces examined were BC, Alberta,
Saskatchewan, Manitoba, Ontario, and Nova Scotia.*®
Although they did not evaluate rUTI per se, our findings
corroborated Daneman et al, as fluoroquinolones account
for approximately one-third of UTI prescriptions, and their
use was noted to have diminished over the study period in
five of the provinces.*

Similarly, a study conducted by Mulder et al in the
Netherlands between 1996 and 2014 detailed the effects
of guideline implementations in 2005 on female UTI pre-
scribing.*” They found that nitrofurantoin use significantly
increased, and SMX/TMP use significantly decreased.*”
However, as the Netherland’s guidelines had excluded
quinolones from first-line treatment since 1989, quinolone
usage was significantly lower than nitrofurantoin usage
throughout their study period.*

In contrast, the U.S. relies heavily on quinolones. A study
comparing UTl-associated prescribing from 2002-2011
found that quinolones are used more frequently than SMX/
TMP or nitrofurantoin for UTI, indicating widespread inap-
propriate use of antibiotics.* These suggestions are corrob-
orated by Wattengel et al, who found that from 2005-2018
in the U.S., 68% of outpatients were treated inappropriately
for UTI with suboptimal regimens, dose, durations, and
drug choice.*

Stewardship efforts to combat the crisis of AMR within
British Columbia were formalized provincially with the
introduction of the DBND campaign in late 2005, with
heavy, early emphases on handwashing and judicious anti-
microbial use for respiratory tract infections. The program
has since been attributed to curtailing the overuse of antibi-

otics related to upper and lower respiratory tract infections,
as well as optimizing their prescribing.>® Around 2009, the
focus of the program turned towards stewardship for UTI
prescribing; international and local guidelines, as well as
various stewardship materials, were disseminated regarding
the judicious use of antibiotics for UTIs.*52 Qur study
period reviews a decade of antimicrobial prescribing in BC
and trends reported are reflective of the provincial efforts to
optimize UTI prescribing.

However, our analyses do not include rates prior to 2008,
and as such, reported trends do not encompass the increas-
ing trends in antibiotic use observed provincially prior to
the introduction of the DBND program.**33 The absence of
additional years of data results in the reported declines seen
in 2008, with more modest changes thereafter. Additional
study limitations are relevant to all retrospective studies con-
ducted using administrative data, which is reliant on accu-
rate coding by billing physicians. Our antibiotics data was
obtained through linking PharmaNet dispensing and MSP
billing within five days of each other, which may exclude
self-administered treatment with refills, as these patients
would not visit a clinic; therefore, the data may be an under-
estimation of the true number of prescriptions dispensed.

In addition, as only dispensing data is available, levels
of compliance are unknown and unfilled prescriptions are
missed. The inclusion of ICD-9 code 599 (other disorders of
urethra and urinary tract) may have led to an overestimation
of associated antibiotic prescriptions, as this code could be
attributed to diagnoses including, but not limited to, UTlIs.
However, because our definition for rUTI necessitated at
least three physician visits within a year, we found it nec-
essary to include this code alongside 590 (pyelonephritis)
and 595 (cystitis) in order to ensure maximum case capture
— in the absence of well-established definitions for rUTI.
Further, as lab data was not available to confirm presence of
infection, and comorbidity data were unavailable to delin-
eate higher-risk populations, our use of ICD-9 codes may
be subject to misclassification bias.

Future research should use this baseline data to further
optimize rUTl-associated prescribing, ensuring continued effi-
cacy and safety of medications used, and directing steward-
ship efforts. Furthermore, an examination of patient outcomes
in tandem to decreasing rates of prescribing is imperative
to ensure that reduced antibiotic use is not associated with
increased adverse events, like emergency department visits or
hospitalizations. Although low levels of prophylactic prescrib-
ing are promising, further analyses to delineate associated
sequelae are also integral factors to understanding appropri-
ateness in antibiotic use. With increasing rates of antimicro-
bial resistance and stewardship, this study offers insight as
one of the first delineations of rUTl-associated antibiotic use.
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The achievements of antimicrobial stewardship are reflected
through rUTl-associated prescribing in BC: a decrease in
overall prescribing and particularly quinolones, while rela-
tively increasing the overall usage of nitrofurantoin instead,
a first-line agent in accordance with guidelines for common
types of rUTI. Amoxicillin with enzyme inhibitor, cefixime,
and fosfomycin usage have increased, but remain reserved
for specific indications, with preference to other agents for
most rUTI cases. Prophylactic antibiotic use is rare in com-
parison to treatment. This suggests improvements in prescrib-
ing through the use of local antibiograms and guidelines to
ensure optimal efficacy and minimize resistance.
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