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ABSTRACT Antibiotic resistance is a threat to public health, and uncomplicated urinary
tract infections (uUTIs) are an example of this concern. This systematic review (Interna-
tional Prospective Register of Systematic Reviews [PROSPERO] ID: CRD42020156674) is
the first to determine the prevalence of Escherichia coli resistance to fluoroquinolones in
women with community-acquired uUTI. PubMed and Embase searches were conducted;
38 studies fulfilled eligibility criteria and were included in the systematic review. Within
Europe, ciprofloxacin resistance in E. coli isolates varied between countries and increased
in some from 2006 to 2008 and 2014 to 2016, specifically in the United Kingdom (0.5%
to 15.3%), Germany (8.7% to 15.1%), and Spain (22.9% to 30.8%), although methodolo-
gies and settings were often not comparable. In Asia, there was a substantial increase in
ciprofloxacin resistance during 2008 to 2014 from 25% to more than 40%. In North
America, resistance to ciprofloxacin also increased between 2008 and 2017, from 4% to
12%. Data exploring different age groups did not show a consistent relationship with re-
sistance, whereas two studies found that fluoroquinolone resistance was higher in post-
menopausal women than premenopausal women. One study indicated a link between
fluoroquinolone resistance and uUTI recurrence. These findings may have implications
for the empirical treatment of uUTI with fluoroquinolones globally, but more data are
needed to fully understand regional situations and impact patient management.

KEYWORDS Escherichia coli, antimicrobial resistance, fluoroquinolone, urinary tract
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Community-acquired uncomplicated urinary tract infections (uUTIs) affect approxi-
mately 12% of women annually (1). In most cases, Escherichia coli is the causative

pathogen (2–6), and antimicrobial resistance in this organism is becoming increasingly
common worldwide (2, 5, 7).

Treatment of community-acquired uUTI remains largely empirical, and diagnosis is
made based on the presence of characteristic lower urinary tract symptoms (8–11).
With respect to specific antimicrobial therapies, US and international guidelines rec-
ommend first-line treatment with nitrofurantoin, trimethoprim-sulfamethoxazole
(TMS) (according to local E. coli resistance patterns), fosfomycin, or pivmecillinam (8, 9).
Recommendations regarding fluoroquinolones vary between guidelines. In Asia, these
agents are currently recommended as a first-line treatment option for uUTIs due to the
high frequency of TMS resistance in the region (10, 11). However, reflecting the globally
rising rates of fluoroquinolone-resistant E. coli, US and European guidelines strongly
recommend that fluoroquinolones are reserved for the treatment of uUTI only when
there is no other alternative (8, 9). The evolving negative risk-benefit profile of fluoro-
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quinolones (serious side effects and impact on the gut microbiome) has further
restricted their use in these regions. The US Food and Drug Administration introduced
black box warnings in 2016 and 2018, stating that fluoroquinolones should not be used
in patients with uUTI unless no other treatment options are available, due to the risk of
serious adverse effects (including effects on mental health, nervous system effects, and
serious hypoglycemia) outweighing likely benefits (12, 13); the European Medicines
Agency published a similar recommendation in March 2019 (14).

Despite this, several recent studies in the United States and Europe have shown
that fluoroquinolones continue to be prescribed inappropriately for patients with
uUTIs (15–18). A key concern is the suggestion that higher prescribing rates of
certain antimicrobials (including penicillins, fluoroquinolones, nitrofurantoin, and
trimethoprim) are directly associated with increased resistance of E. coli urinary
tract isolates (19, 20). An association between extended-spectrum cephalosporin
resistance in Enterobacteriaceae isolates from community-acquired UTIs and an
increased risk of recurrent UTIs has also been reported (21).

To date, only two systematic reviews of fluoroquinolone resistance in UTIs caused by
E. coli have been published; the first review is regarding ciprofloxacin resistance in men
and women with community- and hospital-acquired UTIs (22), and the second relating
to resistance in Korean women with uUTIs (23). No systematic reviews of the prevalence
of E. coli resistance to fluoroquinolones specifically in women with community-acquired
uUTIs have been conducted to date. As uUTIs are very common, it is timely to examine
the epidemiology of fluoroquinolone resistance in order to inform regional practices
regarding antimicrobial treatment. Therefore, the aim of this systematic review was to
provide insights into the evolving epidemiology of antimicrobial resistance to fluoro-
quinolones in women with community-acquired uUTI caused by E. coli, with respect to
variations over time, geography, and age.

RESULTS

A total of 1,711 articles were identified from the database searches (Fig. 1) and 1,513

1711   Ar�cles iden�fi ed through 
electronic database searches

1513   Ar�cles a�er duplicates removed

1513  Abstracts and �tles screened

333  Full text ar�cles screened

2   Addi�onal ar�cles iden�fi ed 
through bibliography scanning

40   Ar�cles fulfi lling eligibility criteria

38   Studies included in the systema�c 
review

1180   Excluded (did not meet eligibility criteria)

295   Excluded
 280 cUTI/mixed cUTI and uUTI

  4 Healthcare-associated uUTI/se�ng unclear
 6 Data only for mixed male/female popula�ons
 5  Community-acquired uUTI but insuffi cient 

numbers of E. coli  isolates 

2    Excluded
 1 Data reported in two different ar�cles

 1 Subgroup analysis of the same study

FIG 1 PRISMA flow diagram of study selection. cUTI, complicated urinary tract infection; uUTI, uncomplicated urinary tract infection.
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remained after removal of duplicates. After a review of titles and abstracts, 333 articles
were selected for review of the full text, and during this process, 2 other articles were
identified from bibliographies (24, 25). Following examination of the full text, there
were 40 articles reporting data from 38 studies that met the eligibility criteria (results
of 1 study were published in 2 different journals, and a subgroup analysis of 1 study was
published separately from the primary findings). Most articles were excluded for a lack
of clarity regarding the study population (mixed male and female patients, whether the
infection was community acquired or was specifically uUTI).

A summary of the included studies is presented in Table 1, with full details
presented in Table S1 in the supplemental material. Most of the studies were con-
ducted in Europe (n � 16), Asia (n � 12), and North America (n � 6), with 2 from South
America, and 1 each from Saudi Arabia and Australia; none were found for Africa, as
those published did not fulfil the eligibility criteria. Several studies reported suscepti-
bility or resistance data, only a few studies reported both, and some studies classified
intermediate susceptibility with either susceptible or resistant isolates. It was assumed that
where these reports were unclear and only susceptibility data were presented, the remain-
der of the isolates tested were resistant. Most of the studies were of good quality, although
many did not list limitations (see Table S2 in the supplemental material), and definitions of
uUTI differed between reports (see Table S3 in the supplemental material).

Results of studies conducted in primary care, emergency department, and outpatient
settings were reported for multiple countries across Europe, with some articles presenting
findings from several countries as part of larger projects (Table 1). In particular, Antimicro-
bial Resistance Epidemiological Survey on Cystitis (ARESC) was conducted in primary care
and outpatient settings and captured data from nine European countries (2003 to 2006),
with reported ciprofloxacin resistance rates of between 1.4% for France and 12.9% for
Russia (26). The ECO·SENS studies also provided data across several countries within Europe
within primary care and outpatient urology clinics for women aged 18 to 65 years at two
time points, namely, 2008 and 2014 (27, 28). In ECO·SENS II, in 2008 rates of resistance to
ciprofloxacin ranged from 0% in Sweden to 5.8% in Portugal. This finding compares with
2014 data from the ECO·SENS update of 4.8% for France and 30.8% for Spain. However,
there were some differences in the countries included (Portugal, Greece, and Austria were
only included in 2008; while France, Germany, and Spain were only included in 2014). Also,
ECO·SENS II reported data from both primary care and outpatient settings, whereas the
2014 update reported data from only primary care (27, 28).

Many articles provided data allowing insight into changes in the prevalence of E. coli
fluoroquinolone resistance for individual countries within Europe, and some articles
indicated an increase over a short period of time. In the United Kingdom, resistance to
ciprofloxacin was reported as 0.5% in 2008, sharply rising to 15.3% in 2014 in ECO·SENS
II and the ECO·SENS 2014 update, respectively (27, 28). However, it should be noted that
data were provided by 12 centers in the United Kingdom for ECO·SENS II and only 2
centers in the ECO SENS 2014 update, which could impact these findings. In Germany,
a primary care study reported a ciprofloxacin resistance rate of 8.7% in 2011 (29), with
a higher incidence of 15.7% in a separate, later outpatient study (30), and a similar
picture was reported for the Netherlands (from 3% in 2009% to 6% in 2014), with both
studies using the same nationwide primary care data source (4, 31). Resistance rates in
Spain were somewhat higher than in other European countries, and data from a large
study (2008 to 2009) showed a ciprofloxacin resistance rate of 22.9% compared with
30.8% in ECO·SENS (2014); albeit, the latter rate was from a more geographically
restricted sample (24, 28). Data from primary care in Sweden are more difficult to
interpret; in ECO·SENS II (2008), resistance to ciprofloxacin was 2.5% (27), increasing to
7.3% in the ECO·SENS 2014 update (28), although another separate study reported a
ciprofloxacin resistance rate of only 1.1% in 2016 (32). However, these studies sampled
populations with different demographics. Notably, when 2009 data from the Nether-
lands were categorized according to age, resistance to ciprofloxacin was lowest for
patients aged 21 to 50 years (1%) and highest for those aged 51 to 70 years (5%) (Table
2) (4). A study from Poland reported a greater discrepancy in ciprofloxacin resistance
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according to age—in patients younger than 65 years, resistance was 11.1%, but this
value rose to 45.4% in those aged 65 years and above (33). A similar pattern was
observed in Belgium, but the differences in resistance according to age (18 to 55 years
versus �55 years) were much less pronounced (4.2% and 9.4%, respectively) (34).

TABLE 1 Characteristics of included studies according to geographical regiona

Country by region (ref) Setting Reporting period Age group (yrs)
E. coli isolate susceptibility to
listed FQ(s) (%)

E. coli isolate resistance to
listed FQ(s) (%)

Europe
Austria (27) PC/OPD Jun 2007–Nov 2008 18–65 NR CIP: 4.1
Denmark (67) PC Dec 2014–Dec 2015 18–65 NR CIP: 8
France (26) PC/OPD 2003–2006 18–65 CIP: 98.4 CIP: 1.4
France (70) PC 2009–2011 18–65 LEV: 97, OFL: 97 NR
France (28) PC 2014 �18 CIP: 95.2 NR
Germany (29) PC Fall 2011 �18 CIP: 91.3 CIP: 8.7
Germany (30) OPD Jan 2015–Jan 2017 �18 CIP: 84.9, LEV: 86.3, MOX: 86.0 NR
Greece (71) OPD Jan 2005–March 2006 �16 NR CIP: 2.2
Greece (72) OPD Jan 2005–Mar 2007 �16 NR CIP: 1.7
Greece (27) PC/OPD June 2007–Nov 2008 18–65 NR CIP: 5.7
the Netherlands (4) PC Jan 2009–July 2009 �11 CIP: 97, NOR: 97 NR
the Netherlands (31) PC Jan 2014–Jan 2015 �11 CIP: 94 NR
Poland (33) OPD Mar–May 2013 19–94 CIP: 75.9 NR
Portugal (27) PC/OPD June 2007–Nov 2008 18–65 NR CIP: 7.6
Spain (24) OPD June 2008–Mar 2009 Adult women NR CIP: 22.9, LEV: 22.5, NOR: 23.3
Spain (28) PC 2014 �18 CIP: 69.2 CIP: 30.8
Sweden (27) PC/OPD June 2007–Nov 2008 18–65 NR CIP: 2.5
Sweden (28) PC 2014 �18 CIP: 92.7 CIP: 7.3
Sweden (32) PC Nov 2014–Mar 2016 �17 NR CIP: 1.1
Switzerland (73) PC Jun 2017–Aug 2018 �18 CIP: 89.1, LEV: 86.5 NR
UK (27) PC/OPD June 2007–Nov 2008 18–65 NR CIP: 0.5
UK (28) PC 2014 �18 CIP: 84.7 CIP: 15.3

North America
Canada (36) ED 2008 �19 CIP: 90.5 CIP: 8.9
Canada (2) PC Apr 2009–Mar 2011 �16 NR CIP: 4.4
Canada (25) ED/OPD Apr 2010–Mar 2015 18–65 CIP; 2010: 92.1; 2011: 92.5; 2012:

91.4; 2013: 90.7; 2014: 90.3
NR

United States (38) PC Jan 2005–Dec 2007 College students NR CIP: 6.8
United States (35) OPD 2005–2007 18-40 NR CIP: 2.8, LEV: 2.8
United States (37) ED Sep 2016–Feb 2017 �14 LEV: 88 NR

South America
Brazil (6) PC/OPD Jan 2007–Jan 2009 �14 NR CIP: 9.2, LEV: 18.0, NOR: 7.4

Asia Pacific
Australia (49) PC/OPD Jun 2009–Jul 2011 15–45 NR CIP: 13, NOR: 12
China (43) PC Jan 2012–Dec 2013 �16 CIP: 76.6 CIP: 23.4
Hong Kong (44) PC/ED/ OPD Jan 2006–June 2008 �18 CIP: 87.1 CIP: 12.9
Japan (39) OPD Jan–Dec 2008 Adults CIP: 91.8, LEV: 91.8, SIT: 98.0,

TOS: 91.5
NR

Japan (40) OPD 2007–2009 NR LEV: 85.8 NR
Japan (41) OPD Aug 2015–May 2017 16–90 LEV: 84.6 LEV: 15.4
Korea (42) OPD May–Oct 2006 18–65 NR CIP: 26.7
Korea (3) OPD Jan 2008–June 2009 Adults NR CIP: 24.8, LEV: 21.3
Korea (23) OPD Jan 2010–Dec 2014 Adults CIP: 58.3, LEV: 61.3 NR
Pakistan (45) OPD Dec 2011–June 2012 �18 CIP: 67.2 CIP: 32.8
Philippines (74) ED/OPD July 2010–Oct 2011 �18 NR LEV: 5.7
Turkey (46) ED/OPD Mar 2005–Sep 2006 18–65 NR All FQs: 25.2
Turkey (47) OPD Jan–Dec 2007 18–65 NR CIP: 22

Middle East
Saudi Arabia (48) PC/OPD May 2015–Apr 2016 �18 NR CIP: 25.4

aWhere available, data for individual countries from the same study are listed separately. Note: ECO·SENS 2014 update data from Germany have not been included, as
it could not be confirmed that data were exclusively from community-acquired uUTIs. Data from some individual European countries in the ARESC study have not
been included where fewer than 100 E. coli isolates were analyzed. CIP, ciprofloxacin; ED, emergency department; FQ, fluoroquinolones; LEV, levofloxacin; NOR,
norfloxacin; NR, not reported; OFL, ofloxacin; OPD, outpatients department; PC, primary care; ref, reference; SIT, sitafloxacin; TOS, tosufloxacin; uUTI, uncomplicated
urinary tract infection.
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Six articles concerned studies conducted in North America (2, 25, 35–38), and one in
particular from Canada allows an insight into changing resistance to ciprofloxacin in
this region. In the report by Delisle et al. of data from the same primary care, emergency
department, and outpatient settings tracked ciprofloxacin resistance from 2010 to 2014
and showed only a slight increase in resistance from 7.9% to 9.7% (although the
authors stated that this was a statistically significant change) (25). In emergency
department data from Canada in 2008, resistance to ciprofloxacin was reported in 8.9%
of E. coli isolates tested (36), compared with 2.8% in a separate US outpatient study
(2005 to 2007) (35). In comparison, a more recent emergency department study
conducted in the United States reported resistance to levofloxacin of 12% between
2016 and 2017 (37).

Most data from Asia were reported for the Eastern region. In three studies from
Japan, reported rates of E. coli resistance to levofloxacin were 8.2% (nationwide), 14.2%
(single center), and 15.4% (single center) in 2008, 2009, and 2017, respectively (39–41).
In the latest data set, E. coli levofloxacin resistance was 16.7% in women aged less than
65 years compared with 14.8% for those aged 65 years and above in the outpatient
setting (Table 2) (41). Data from the outpatient setting in Korea also permit the tracking
of resistance trends in Eastern Asia. In 2006, resistance to ciprofloxacin was reported as
26.7% (42), falling slightly to 24.8% in 2009 (3) but then increasing significantly, as
reported in one study, to 41.7% during 2010 to 2014 (23). However, while the latter was
a single center study, the previous two were nationwide samples. A single primary care
study from Southern China reported a resistance to ciprofloxacin of 23.4% in isolates
collected between 2012 and 2013 (43). Notably, an earlier study from Hong Kong

TABLE 2 Studies reporting fluoroquinolone resistance dataa

Country or region by reporting
category (ref) Setting Reporting period

E. coli isolate susceptibility to listed
FQ(s) by category (%)

E. coli isolate resistance to listed
FQ(s) by category (%)

Age
Belgium (34) PC May 2014–Dec 2015 LEV/OFL: 18–55 years, 95.8; �55

years, 90.6
NR

the Netherlands (4) PC Jan 2009–July 2009 CIP: 11–20 years, 98; 21–50 years, 99;
51–70 years, 95; �70 years, 97
NOR: 11–20 years, 97; 21–50 years,
98; 51–70 years, 95; �70 years, 97

NR

the Netherlands (31) PC Jan 2014–Jan 2015 CIP: 11–20 years, 93; 21–50 years, 96;
51–70 years, 97

NR

Poland (33) OPD Mar–May 2013 CIP: �65 years, 88.9; �65 years, 54.6 NR
Japan (41) OPD Aug 2015–May 2017 LEV: �65 years, 83.3; �65 years, 85.2 LEV: �65 years, 16.7; �65 years,

14.8
Pakistan (45) OPD Dec 2011–June

2012
CIP: 18–30 years, 89.7; 31–40 years,

64.3; 41–50 years, 58.1; 51–60
years, 58.1; 61–75 years, 61.5

CIP: 18–30 years, 10.3; 31–40
years, 35.7; 41–50 years, 41.9;
51–60 years, 41.9; 61–75 years:
38.5

Turkey (46) ED/OPD Mar 2005–Sep 2006 NR FQs: �50 years, 22.7; �50 years,
31.3

Menopausal status
Poland (50) OPD 2013–2015 NR CIP: premenopausal, 10.7;

postmenopausal, 22.7
Japan (51) OPD Jan–Dec 2008 CIP: premenopausal, 94.4;

postmenopausal, 89.4
LEV: premenopausal, 94.4;
postmenopausal, 89.5
SIT: premenopausal, 99.3;
postmenopausal, 96.5
TOS: premenopausal, 93.9;
postmenopausal, 89.1

NR

Recurrent uUTI
9 European countries and

Brazil (26)
PC/OPD 2003–2006 CIP: nonrecurrent, 92.8; recurrent,

83.0
CIP: nonrecurrent, 7.0; recurrent,

17.0
aCIP, ciprofloxacin; ED, emergency department; FQ, fluoroquinolones; LEV, levofloxacin; NOR, norfloxacin; NR, not reported; OFL, ofloxacin; OPD, outpatients
department; PC, primary care; SIT, sitafloxacin; TOS, tosufloxacin; uUTI, uncomplicated urinary tract infection.
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conducted during 2006 to 2008 reported a much lower resistance rate to ciprofloxacin
(12.9%) (44).

A single article has provided ciprofloxacin resistance data from Southern Asia in an
outpatient setting in Pakistan, with the 2012 data analyzed according to age (45). A
steady increase in resistance with older age was observed, from 10.3% at age 18 to
30 years to 41.9% at age 51 to 60 years, with a decline in patients aged over 60 years
(38.5%). Two separate studies from Turkey have reported resistance rates higher than
20% for all fluoroquinolones, again showing a relationship between older age and
increased resistance (46, 47).

Only single studies have been published from some other regions. Araujo et al.
reported resistance data from the primary care and outpatient settings in Brazil, with
isolates collected between 2007 and 2009 (6). Reported resistance to ciprofloxacin and
norfloxacin was 9.2% and 7.4%, respectively, but higher to levofloxacin (18%), which
is notable, when these values might be expected to be similar. During a similar time
period, a separate study reported a ciprofloxacin resistance rate of 10.8% in E. coli
isolates from Brazil (26). The only article reporting data for the Middle East region was
a recent publication from Saudi Arabia (48). Isolates from primary care and outpatient
departments were resistant to ciprofloxacin in 25.4% of cases. A single study conducted
in Australia between 2009 and 2011 reported resistance to ciprofloxacin of 13% (49).

Differences in resistance rates according to menopausal status were examined in
two separate studies (Table 2). In Poland, resistance to ciprofloxacin in premenopausal
women was reported as 10.8% versus 24.2% in postmenopausal women (50). In an
earlier Japanese study, ciprofloxacin resistance was 6.9% for premenopausal women
and 12.6% for postmenopausal women (51).

Only the ARESC study presented information with respect to uUTI recurrence (Table
2). Data collected from 2003 to 2006 from nine European countries and Brazil reported
a resistance rate to ciprofloxacin in 7% of women with nonrecurrent uUTI with an
increase to 17% in those with recurrent uUTI (26). However, in the study conducted by
Kim et al. in Korea, testing isolates from 2010 to 2014, resistance to ciprofloxacin was
68.7% in women whose present episode had not resolved with antibiotic treatment
within the previous 3 months, compared with 35.8% of women with no previous
antibiotic exposure for their uUTIs (23). Notably, the authors found no evidence of a
relationship between recurrence and antibiotic resistance.

DISCUSSION

The aim of this systematic review was to determine the prevalence of fluoroquin-
olone resistance in women with community-acquired uUTIs caused by E. coli across
different geographical regions and care settings, which might inform the development
of local guidelines for antibiotic prescribing. Resistance to fluoroquinolones was most
common in Asia (particularly China and Korea) where data from separate studies show
a substantial increase in resistance to ciprofloxacin between 2008 and 2014 (3, 23,
39–45). A few articles from studies using similar methodologies provided evidence of
how rates of resistance to fluoroquinolones have changed over time in Europe (4, 24,
27–34) and North America (2, 25, 35–38), and they report clear differences from those
in Asia with respect to absolute percentages of resistant isolates and also the magni-
tude of change over time.

The recommendations in Japanese and Korean guidelines to use fluoroquinolones
as an empirical treatment option for uUTI due to the high frequency of resistance to
TMS in the region might contribute to the development of resistance in these regions
(10, 11). However, it must be noted that a high volume of fluoroquinolone prescribing
for other conditions (52) is likely to have a greater impact on fluoroquinolone resistance
both in the individual and the community. Indeed, it has been shown that high
fluoroquinolone use in general has been associated with an increased prevalence of
resistance in E. coli over time in Eastern Asia (53–56).

Conversely, fluoroquinolones are not recommended in European and US guidelines
unless no other alternatives are available, reflecting the growing prevalence of resis-
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tance cited in the present review (8, 9). However, fluoroquinolones continue to be
prescribed for patients with uUTIs, which conflicts with regulatory and guideline
recommendations in these regions. In an analysis of commercial insurance data in the
United States, it was found that fluoroquinolones were prescribed in outpatient and
emergency department settings for more than 40% of cases of uUTI in women aged
younger than 45 during 2009 to 2013 (15), which is a slightly higher percentage than
that reported in another national outpatient survey of women from 2002 to 2011 (16).
A separate primary care survey conducted in the Netherlands from 2007 to 2010
reported use of fluoroquinolones in more than 40% of uUTI patients (17).

In contrast, antimicrobial stewardship programs and education that restrict the use
of fluoroquinolones for antibiotic resistant cases or more serious infections may result
in decreased resistance rates in uUTIs. In a study conducted in the United States, an
emergency department-specific antibiogram was developed to determine the rates of
E. coli resistance to commonly used antibiotics (57). This information, together with the
US guidelines was used to devise recommendations for the treatment of uUTIs within
that institution, and these guidelines were disseminated through education delivered
by pharmacists in the emergency department and during regular physician meetings.
Before the educational intervention, the choice of empirical antibiotic therapy was
consistent with recommendations in 49% of cases, and this value increased substan-
tially to 83% posteducation, with the key changes being decreased prescribing of TMS
and fluoroquinolones. Notably, the percentage of E. coli isolates from uUTIs that were
susceptible to prescribed antibiotics rose from 74% to 89% (57).

One issue that may become more important over time is the prescription of
antibiotics during non-face-to-face health care consultations. The challenge with this
approach is that care provided by patient electronic record-based or telephone man-
agement does not provide the opportunity to obtain urine samples to confirm resis-
tance, often lacks documentation of treatment strategies, and is not necessarily as-
signed to trained health care providers. In a US-based primary care study during 2015
to 2016, 34% of all prescriptions for antibiotics were issued without a face-to-face
consultation (58). A separate large analysis of claims data in the United States has
shown that although only 9% of consultations for UTIs were online, they resulted in an
antibiotic prescription rate of 76%, which was higher than that for either primary care
or emergency department visits (59). Another primary care study showed that while
antibiotics were prescribed on 49% of face-to-face consultations for suspected UTIs, this
value increased to 99% for online consultations (60). However, this conclusion does not
necessarily mean that antibiotics were prescribed inappropriately in these settings. A
related problem is that in numerous countries around the world, antibiotics are
available without a prescription or are dispensed by pharmacies without a prescription
(61, 62), and patients may also keep leftover antibiotics to self-treat a future uUTI (63,
64). It has yet to be established how these factors impact resistance development, and
more research is needed.

Some studies in the systematic review shed light on how E. coli fluoroquinolone
resistance rates vary with age or menopausal status, although findings are conflicting
and differ according to geographical location. In one study conducted in Japan with
data from 2008, there was a consistently higher resistance to fluoroquinolones in
postmenopausal women relative to premenopausal women (51). A similar finding has
been reported with respect to ciprofloxacin resistance in a large study from Poland
(2013 to 2015) (50). This finding is of particular interest, as in some current guidelines,
the criteria for uUTI exclude postmenopausal women, i.e., they are considered to have
a complicated UTI (8, 9), which may provide some explanation. Notably, Japanese
guidelines state that there is a high rate of E. coli resistance to fluoroquinolones in
postmenopausal women with UTIs; consequently, penicillins or cephalosporins are the
recommended first-line treatment options (10).

Only one article reported resistance rates in women with recurrent community-
acquired uUTIs. This international study included patients from nine European coun-
tries and Brazil (2003 to 2006), which showed a 10% higher resistance rate in those with

Fluoroquinolone Resistance in uUTI Antimicrobial Agents and Chemotherapy

October 2020 Volume 64 Issue 10 e00862-20 aac.asm.org 7

https://aac.asm.org


recurrent uUTIs (26). However, in a Korean study, although E. coli resistance was more
frequent in women with unresolved uUTIs following antibiotic treatment, there was no
apparent relationship between recurrence and antibiotic resistance (23). This study
underlines the urgent need for more (recent) data in order to explore this finding
further. In contrast to patients with a first presentation of uUTIs, for women with
recurrent uUTIs, urine culture is recommended when feasible by current guidelines in
advance of prescribing antimicrobial therapy, with a consideration of local resistance
rates (antibiograms), in order to facilitate appropriate treatment selection and reduce
antibiotic overuse (9, 10, 65). However, empirical treatment may be initiated by the
patient themselves if urine culture is not possible, and it has been shown that many
women with recurrent uUTIs can accurately self-diagnose and successfully treat their
condition with antibiotics (66). Striking a balance between timely treatment of recur-
rent uUTIs and the risk of resistance due to regular antibiotic consumption is an
important issue that may not be easily resolved.

There are a number of limitations to this systematic review. Chiefly, they are related
to the various methodologies across studies (including the definitions of uUTI) that
make it difficult for a direct comparison between geographical regions and to follow
trends over time. The lack of studies for this specific population in Africa, Eastern
Europe, and South America emphasize this issue. Much of the data within the articles
were collected prior to 2008, making interpretations of the current status and trends
over time of fluoroquinolone resistance difficult, which impacts the utility of the
information with respect to developing local guidelines and informing clinical practice.
However, a key strength of this systematic review was the stringent inclusion criteria,
which eliminated many articles where eligibility of the study population was unclear.

This systematic review indicates that resistance to fluoroquinolones in women with
community-acquired uUTI caused by E. coli is a growing concern, specifically in Asia but
also in some countries within Europe; an upward trend in North America is also
detectable. However, more contemporary data are needed from around the world to
provide a greater insight into the precise nature of this problem. The primary goal of
antibiotic treatment selection is to provide effective empirical therapy while avoiding
selection for future resistance, by minimizing use of broad-spectrum agents. In cases of
antibiotic resistant uUTI, treatment that is not informed by urine culture and suscep-
tibility testing may have a negative impact on antimicrobial stewardship. A proactive
approach for identifying predictors in women at risk of antibiotic-resistant uUTI is
imperative to define the right management approach to improve treatment outcomes
in the short and long term.

MATERIALS AND METHODS
The protocol for this systematic review was developed according to Preferred Reporting Items for

Systematic Review and Meta-Analysis Protocols (PRISMA-P) guidelines (68) and was registered on the
International Prospective Register of Systematic Reviews (PROSPERO; ID: CRD42020156674; www.crd
.york.ac.uk/prospero). The search strategy and study selection are summarized below, with full details in
the supplemental material.

Embase and PubMed searches were conducted using keywords only and keywords with medical
subject headings (MeSH) within the title, abstract, or full text of papers. Additionally, bibliographies from
the papers identified during searches were also hand-searched. The databases were searched for English
language articles published between 1 January 2009 and 2 December 2019.

Papers were included in the systematic review only if they were peer-reviewed publications reporting
results of observational studies. Studies were required to include only nonpregnant females aged
12 years or above with community-acquired uUTIs (first presentation or recurrent). uUTI was defined as
UTI in the absence of upper urinary tract infection, pyelonephritis, any relevant functional or anatomical
abnormalities in the urinary system, or catheter-associated UTI. Community-acquired uUTI was defined
as samples from patients presenting in outpatient clinics or primary care or at presentation to the
emergency department, without prior hospitalization for the index episode, excluding patients in
residential/long-term-care facilities. Within individual studies, patients with chronic medical conditions,
e.g., diabetes and immunosuppression, were excluded. Other eligibility criteria included the documen-
tation of validated methods of urine culture and susceptibility testing (European Committee on Anti-
microbial Susceptibility Testing or Clinical and Laboratory Standards Institute) guidance relevant at the
time of the study and the testing of at least 100 E. coli-positive isolates in each study. For articles where
it was unclear that the data reported applied only to the population of interest, the authors were
contacted to provide clarification, e.g., Ismail et al. (35).
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Two independent reviewers (F.M.E.W. and A.E.S.) screened the database search results (one each for
Embase and PubMed results). Results were first saved as Microsoft Word (v.16) files in order to facilitate
screening of the studies identified. Titles and abstracts were screened to determine eligibility, followed
by review of the full articles against the inclusion/exclusion criteria, including where there was uncer-
tainty based on the abstract/title. Articles not meeting all inclusion criteria were excluded.

Data from full publications were extracted into Microsoft Excel (v.16) by F.M.E.W., and an
independent random sample of data (10% of the total eligible papers identified) was extracted by
A.E.S. to ensure agreement. Data extracted included bibliographic information, country/region of the
study, study setting, time frame, patient demographics, resistance testing methods, and all out-
comes regarding susceptibility testing/antimicrobial resistance. When only susceptibility data were
reported, it was assumed that the remainder of isolates tested in a study were resistant, unless
otherwise stated. Duplicate articles were removed. The quality of studies and reporting was assessed
by the reviewers according to an abbreviated version of the Appraisal Tool for Cross-sectional
Studies (AXIS) (69).

SUPPLEMENTAL MATERIAL
Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.5 MB.
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