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Abstract: Community Acquired Urinary Tract Infections account for 15% of all outpatient use of 

antibiotics; women are primarily affected; major causative microorganisms are uropathogenic E. 

Coli. Treatment is indicated for cystitis and pyelonephritis and includes B-lactams (amoxicillin-

clavulanic acid or third generation cephalosporins), fluoroquinolones (ciprofloxacin or 

levofloxacin), nitrofurantoin, fosfomycin, and trimethoprim-sulfamethoxazole. Resistance to 

antibiotic treatment is of concern, several mechanisms have been associated with the acquisition of 

genes that confer antimicrobial resistance to fluoroquinolones, which often are associated with other 

patterns of resistance, especially in extended spectrum beta lactases (ESBL) producers. Several 

studies have addressed the prevalence of uropathogens producing ESBL, but only a few have 

focused on resistance against fluoroquinolones and to our knowledge, none has been addressing 

the prevalence of isolates mutations that confer antimicrobial resistance to fluoroquinolones. The 

focus of the present review was to analyze recent published papers that describe the E. coli 

phylotype causing community acquired UTIs in association to fluoroquinolones resistance 

Keywords: fluoroquinolone resistance; urinary tract infections; systematic review; Escherichia coli; 

community acquired bacterial infection 

 

1. Introduction 

Urinary tract infections (UTIs) account for approximately 3 million visits to health services 

annually and are responsible for up to 15% of all outpatient use of antibiotics in the United States [1]. 

They are considered the most prevalent community acquired (CA) bacterial infection [2]. Women are 

primarily affected, and majorly prevalent causative microorganisms are Escherichia coli (E. coli), 

Enterococcus, Staphylococcus, Proteus, Klebsiella, and Pseudomonas in order of frequency, with 

uropathogenic E. coli (UPEC) being the causative agent more than three-quarters of yearly UTIs [3,4]. 

Community-acquired UTI is defined as one 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. 

Treatment is indicated for cystitis and pyelonephritis and includes B-lactams (amoxicillin-

clavulanic acid or third generation cephalosporins), fluoroquinolones (ciprofloxacin or levofloxacin), 

nitrofurantoin, fosfomycin, and trimethoprim-sulfamethoxazole [5]. UTIs are the main cause of 

antibiotic consumption which is a concern since the widespread use of antibiotics has led to the 

growth of antimicrobial resistance in UPEC and other uropathogens, which has led to complications 

in treatment, prevention, and management of recurrent UTIs. Fluoroquinolones have the advantage 

of availability in both oral and parenteral forms, good absorption, and high urinary excretion rate [6] 

Figure 1. However, due to resistance, available guidelines, published in 2010, recommend the use of 
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nitrofurantoin, fosfomycin, and trimethoprim-sulfamethoxazole for empirical therapy of acute 

uncomplicated cystitis [7]. 

 

Figure 1. Fluoroquinolones mechanism of action. E. coli DNA gyrase (which acts by unwinding the 

DNA double helix) is composed of two A subunits and two B subunits encoded by the GyrA and 

GyrB, respectively. The A subunits carrying the “codon trimming” functions of gyrase are the site of 

action of fluoroquinolones. The drug inhibits gyrase-mediated DNA supercoiling at concentrations 

that are clearly related to those required to inhibit bacterial proliferation. 

Resistance against fluoroquinolones can occur as a result of either of the following 3 

mechanisms: 1) chromosomal mutations that change the targets of the drug, such as the genes that 

codify for GyrA (a subunit from DNA gyrase), or ParC (subunit from topoisomerase IV); 2) mutations 

related to reduce the drug concentration in the bacterial cytoplasm through overexpression of efflux 

pumps and downregulation of porins; and 3) expression of genes that codify from plasmid mediated 

quinolone resistance proteins (PMQR), such as qnr, aac(6’)-lb-cr, quepA and oqxAB [8] (Figure 2). 
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Figure 2. Genes responsible for fluoroquinolones resistance in E. coli. 1) Chromosomal mutations 

inducing changes in the drug targets, such as the genes that codify for GyrA (Gram-negative); 2) 

Mutation related to reduce the drug concentration in the bacterial cytoplasm through overexpression 

of efflux pumps and downregulation of porins; and 3) expression of genes that codify from plasmid 

mediated quinolone resistance proteins (PMQR), such as qnr (protect DNA gyrase and topoisomerase 

IV), aac(6’)-ib-cr (acetylates the fluoroquinolone so that it is inactivated) , quepA and oqxAB 

(overexpression of multidrug efflux pumps or decreased permeability of outer membrane proteins). 

PMQR mechanisms usually confer low-level resistance, but either alone or with chromosomal 

target mutations, they widen the selection window, and increase the minimum inhibitor 

concentration (MIC) of the strains and facilitate selection of higher level of resistance. Furthermore, 

the presence of plasmids carries genes encoding for resistance to other antimicrobials such as beta-

lactams and aminoglycosides [9]. 

Antimicrobial resistance genes (ARGs) can be shared among E. coli strains via mobile genetic 

elements, which includes transposons, plasmids, the insertion of sequences and genomic islands [10]. 

Irrespective of the mechanism, the transmission of these elements will lead to a recombination among 

different E. coli strains. The current classification for identifying the phylogenetic order of E. coli 

strains is based on the presence or absence of four genetic sequences named chuA, yjaA, TspE4 and 

arpA; into phylotypes A, B1, B2, D, C, E, F, G, and Escherichia cryptic clade I [11]. Strains of UPEC 

pathotype usually belong to phylotypes B2 and D, but intestinal pathogenic and commensal E. coli 

strains belong to A and B1 [12]. 

Another factor related to the development of resistance in E. coli, is the use of antibiotics in 

veterinary medicine for food-producing animals, as a member of the gut microbiota E. coli that is 

resistant to antibiotics can be transmitted through the food chain or directly to humans. Or the animal 

product itself could contain the antibiotic residues promoting contact with humans and promoting 

the development of resistant bacteria [13]. Although this last factor has been more frequently 

associated with the production of extended spectrum beta lactamases (ESBL).  

Several studies have addressed the presence of resistance against B-lactamases or the prevalence 

of uropathogens producing ESBL, but only a few have focused on resistance against fluoroquinolones 

and to our knowledge, none has been addressing the prevalence of isolates mutations that confer 

antimicrobial resistance to fluoroquinolones. The focus of the present review was to analyze recent 

published papers that describe the E. coli phylotype causing community acquired UTIs in association 

to fluoroquinolones resistance. 

2. Materials and Methods 

This systematic review was developed according to PRISMA guidelines [14]. We used PubMed 

to conduct searches and identify candidate studies to be included in the review. Keywords were 

obtained from Mesh terminology, and we used a combination of several terms to conduct searches. 

The terms included “community acquired infection” AND “urinary tract infection” AND 

“fluoroquinolones” AND “antimicrobial drug resistance” AND “antimicrobial resistance genes”. 

Papers were selected using filters to include recent (last 5 years), English or Spanish language, studies 

in adults. Which yielded 18 results, papers were downloaded and analyzed to meet additional 

inclusion criteria such as having an observational design, and performed with validated methods for 

urine culture, susceptibility testing and gene expression.  

We included papers that reported on fluoroquinolones resistance for uropathogens causing 

community acquired urinary tract infections. A library was created in EndNote and duplicates were 

removed (2 duplicates found). Data extracted from selected studies included country of the study, 

study setting, time frame, patient demographics, uropathogens isolated, antimicrobial susceptibility, 

and mutations prevalence related to antimicrobial resistance. Some studies were eliminated or 

excluded because it was not possible to distinguish patterns of resistance between community 

acquired and hospital acquired UTIs, or because the resistance pattern included mixed pathogens. 

3. Results  
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The number of papers selected at each stage is described in PRISMA flow diagram (Figure 3). A 

total of 19 studies were included in this systematic review. 

 

Figure 3. PRISMA flow diagram for systematic reviews. 

The total amount of papers was selected from a wide distribution of studies around the world, 

obtaining 5 papers from North America, 3 from South America, 5 from Europe and 6 from the Asian 

Region. 

Of the studies analyzed, they were performed during a minimum period of 1 month as the case 

of Brazil, where it was performed in November 2015 [15] and Romania during June, 2018 [16], the 

longest period was 5 years and was performed in Canada from 2015 to 2019 [17] and Saudi Arabia 

during the same period [3]. 

Of the 19 studies, only 5 mentioned phylotype. The most common phylotype was B2.  

10 studies refer to antimicrobial resistance genes (ARGs), the most common AR genes were 

blaCTX-M and blaTEM. Only 11 studies mentioned ESBL producing strains. 2 studies from Asia 

(Turkey, Egypt) mentioned genes that codify from plasmid mediated quinolone resistance proteins 

(PMQR), such as qnr, aac (6’)-lb-cr, quepA and oqxAB. The most common PMQR were qnrS and qnrB. 

The countries with highest resistance rates were Bangladesh (69%) follow by Iran (55.6%). 

4. Discussion  

Fluoroquinolone resistance emerged in the mid-1990s due to their extensive use, for the 

following couple of decades its resistance continued to increase [18]. Up-to-date information points 

toward a decreased rate in the United States (7%), a higher incidence in Europe and Asia (28%), and 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

Studies identified from PubMed: 

Databases (n =208) 

Studies removed before screening: 

Duplicate records removed.  

(n = 2) 

Studies screened. 

(n =206) 
Studies excluded with automation tools. 

Older than 5 years (n =162) 

Pediatric population (n=26) 

Studies sought for retrieval. 

(n = 18) 
Studies not retrieved. 

(n = 0) 

Studies assessed for eligibility. 

(n =18) 

Studies excluded: 

Without observational design (n = 1) 

Unable to identify CA UTIs 

resistance patterns (n=4) 

Studies added from the reference list of 

analyzed papers (n=5) 

Studies included in review. 

(n =19) 

Identification of studies via databases and registers 
Id

e
n

ti
fi

c
a

ti
o

n
 

S
c

re
e

n
in

g
 

In
c

lu
d

e
d

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2024                   doi:10.20944/preprints202407.2008.v1

https://doi.org/10.20944/preprints202407.2008.v1


 5 

 

the highest rates are found in developing countries [6]. Others results revealed a high rate of 

fluoroquinolone resistance in UPEC in India (>60%). For 2014 Europe, resistance to fluoroquinolone 

was reported in 22% of strains, In Poland, resistance to fluoroquinolone was observed in about 30% 

of UPEC and in Germany 2013–2014, the percentage of ciprofloxacin-resistant UPEC strains was 

17.3%. In America for 2013–2014 in Brazil 18.8% outpatients were resistant to ciprofloxacin [19].Our 

review is consistent with these previous findings, although percentages have changed over the las 

five years. Nevertheless, the global burden of drug-resistant infections is enormous, both in terms of 

mortality and financial costs. Globally, it has been estimated that 700,000 people die each year, due 

to drug resistance, and approximately 23,000 of them happen in the United States. The Centers for 

Disease Control and Prevention estimate the cost of antimicrobial resistance in the United States to 

be of 55 billion dollars each year [20]. 

The presence of a drug-resistant strain in an individual may arise by direct infection with a drug 

resistant strain, or alternatively the sensitive strain may mutate during a single infection and become 

resistant during transient treatment with fluoroquinolones [21].  

The phenotypic antibiotic resistance of uropathogens causing UTIs is of importance to make 

informed based decisions and to determine the causes of such changes in incidences according to the 

region. Table 1 depicts a summary of the studies found addressing this issue.  

Table 1. Summary of the studies addressing Fluoroquinolone resistance patterns in patients with 

urinary tract infections. 

Countr

y / Year 
Population Period 

Isolate

s 

Resistance to 

FQ 
Phylotype AR gene ESBL 

Canada 

2020 

[22] 

11,333 

isolates from 

community 

acquired 

UTIs (507 

nosocomial) 

April 2010 - 

Dec 2014 
E. Coli CIP: 18.4% NA NA NA 

Canada 

2022 

[17] 

591 

antibiograms 

from patients 

with CA UTIs 

2015 – 2019 E. Coli FQ: 11-63% NA NA NA 

USA 

2019 

[23] 

73 cases of 

CA-UTIs 

April 2015 

to May 

2016 

E. Coli 

(59%) 
CIP: 18% NA NA NA 

USA 

2024 

[24] 

 

68,033 cases 

of  

non-recurrent 

uUTI 

and 12,234 

cases of  

recurrent 

UTIs 

October 

2015 - 

February 

2020 

E. Coli 

Recurrent UTIs 

FQ: 14.2% 

Non-recurrent 

uUTIs FQ: 8.6% 

NA NA 

Recurrent 

UTIs 5.9% and 

non-recurrent 

UTIs 4.1% 

Mexico 

2020 

[25] 

296 in 

patients with 

community 

acquired UTI. 

2018-2019 E. Coli CIP: 30% NA NA 

25.6% of 

which 89% 

were resistant 

to CIP 

Venezu

ela 2019 

[26] 

43 isolates 

from patients 

with uUTIs 

and 60 

complicated 

UTIs 

January - 

June        2014 
E. Coli CIP: 29.7% NA 

blaTEM ( 

65.4%) 

blaCTX-M 

(34.6%) 

blaSHV 

(23.1%) 

20.4% 
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Brazil 

2020 

[15] 

499 isolates 

from patients 

with CA-

UTIs 

November 

2015 
E. Coli CIP: 20 % 

B2 (30%) 

D (23%) 

A (13%) 

F (12%) 

B1 (9%) 

C (8%) 

E (3%) 

blaTEM (10%) 

blaSHV (3%) 

blaCTX-M 

(93%) 

8% 

Argenti

na 2021 

[27] 

1740 cases of 

CA-UTI’s 

January 

2016 to 

December 

2017 

E. Coli 

(80%) 
CIP: 15.2 % 

B2 

D 
blaCTX-M 

0.2% of which 

56.9% were 

resistant to 

CIP 

United 

Kingdo

m 2020 

[28] 

836 E. coli 

isolates for 

resistance 

September 

2017 – 

August 

2018 

E. Coli CIP: 50.7% 
B2 

D 

blaCTX-M 

pAmpC 

blaCMY 

blaDHA 

NA 

France 

2020 

[29] 

190 Women 

with non-

severe 

community-

onset 

pyelonephriti

s. 

Mar     - Aug 

2018, and 

Apr – Aug 

2019 

E. Coli 

(84%) 
FQ: 3-17% NA NA NA 

Germa

ny 2023 

[30] 

386 isolates 

from female 

patients with 

uUTIs 

Jan 2017 -

Dec 2019 
E. Coli 

FQ: 5.2% 

CIP: 8.2% 
NA NA NA 

Poland 

2020 

[31] 

796 Isolates 

from 332 

patients with 

recurrent 

lower UTIs 

2016 - 2018 
E. coli 

(40%) 
CIP: 39.9% NA NA 9% 

Romani

a 2019 

[16] 

787 patients 

with CA-

UTIs 

June 2018 
E. coli 

(91%) 

LEV: 14.86% 

CIP: 14.99% 

B2 (35%) 

B1 (27%) 

D (16%) 

A (22%). 

blaCTX-M 

(42.3%) 

blaTEM 

(38.0%) 

blaSHV 

(19.7%) 

fimH (93.9%) 

hlyD (44.3%) 

afaBC (38.2%) 

hlyA (12.4%) 

cnf-1 (7.7%). 

9% 

Turkey 

2019 

[32] 

101 from CA 

UTIs and 

nosocomial 

UTIs 

April - 

August 

2018 

E. Coli CIP: 50.98% NA 

blaCTX-M-1 

(73%) 

blaCTX-M-15 

(37%) 

O25b-ST131 

(22%) 

50.49% 

Turkey 

2020 [2] 

141 adult 

outpatients 

with UTI 

01-06-2015 

to 31-03-

2016 

E. Coli FQ: 35.92% NA 

qnrS (67.4%) 

aac(6’)-1b-cr 

(42.4%) 

qnrB (7.6%) 

51.78%, of 

which 29.12% 

were resistant 

to FQ. 

Bangla

desh 

2022 

[33] 

4,500 patients 

with 

community-

acquired 

UTIs 

September 

2016 – 

November 

2018 

E. Coli 

(51.6%

) 

CIP: 69% 

 
NA NA NA 
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Egypt 

2019 

[34] 

440 Isolates 

from patients 

with UTIs 

July 2016 -

March 2017 

E. Coli 

(64%) 

CIP: 19.2% 

NOR: 19.2% 

OFX: 19.2% 

NA 

qnrB (62.9%) 

qnrS (46.9%) 

qepA (6.3%) 

NA 

Iran 

2023 

[13] 

168 CA 

uncomplicate

d UTI 

Spring 

season of 

2021 

E. Coli CIP: 55.6% 

B2 (29%) 

D 17.9% 

E 14.1% 

F 9.4% 

C 6.6 % 

blaTEM 

(89.6%) 

blaCTX-M 

(44.3%) 

blaSHV (6.6%) 

blaCMY 

(0.9%) 

52.8% 

Saudi 

Arabia 

2021 [3] 

428 patients 

with a 

positive 

urine culture 

(≥10^5 

CFU/mL). 

Jan 

2015 - 

Dec 2019 

E. Coli 

(45%) 
CIP: 53.1% NA bla_CTX-M 

23.7%, of 

which 47.8% 

were resistant 

to CIP 

 

4.1. Reported Resistance Rates and in Community Acquired Uncomplicated Urinary Tract Infections 

A recent systematic review, related to E. coli resistance to fluoroquinolones in uCA-UTIs in 

women, found that ciprofloxacin resistance in isolates varies by countries but nevertheless tends are 

rising across the time, specifically in the United Kingdom, where it raised from 0.5% in 2008 to 15.3% 

in 2016; in Spain from 22.9 to 30.8%, and Germany 8.5 to 15.1%. Furthermore, in Asia a substantial 

increase was reported to ciprofloxacin from 25% in 2008 to 40% in 2014; with the highest percentage 

of resistance reported in Bangladesh (69%) [33]. A retrospective study conducted in China found a 

resistance rate to ciprofloxacin in UPEC to be from 55-70% in a study period from 2012-2019 [35]. 

While in North America resistance increased from 4% in 2008 to 12% in 2017 [36]. Our review 

found a decrease resistance from 18% to 14.2% in recurrent UTIs and 8.6% in non-recurrent UTIs in 

the United States [24], while in Canada resistance rates seem to be higher and related to regions [17]. 

Fluoroquinolone resistance rates in patients with uCA-UTIs in Turkey reported an increase from 20-

30% in 1996 to 52% in adults with CA-UTIs in 2020 [2].  

In our country, a previous study performed in 2020 reported less than 40% of isolated strains to 

be resistant to ciprofloxacin, although this resistance was in ESBL producers [25]. 

Additional studies performed in Latin America, specifically in Uruguay found that up to 13.6% 

of E. coli isolates causing CA-UTI in adults were resistant to Ciprofloxacin in 2014 [37]. However, in 

our review we found trends of fluoroquinolones resistance from 15-29% for the treatment of 

community acquired uUTIs [26,27].  

4.2. Plasmidic Fluoroquinolone Resistance Genes and Phylotypes Prevalence 

A study performed in samples from 168 Iranian women with community acquired 

uncomplicated UTIs demonstrated a high prevalence of resistance against cefotaxime and aztreonam 

and the lowest rates of resistance were associated to ciprofloxacin. In this same study phylotypes of 

E. coli isolated were B2>D>E>F>B1>C>A [13]. 

In 2013, a study performed in Algeria reported the presence of mutations in E. coli associated 

with resistance to fluoroquinolones, they found up to 56.66% of isolates carrying mutations in gyrA 

and parC [38]. 

More recently, a study performed in Egypt (2016-2017) found higher frequencies of the gene 

qnrB (100%); QnrS gene was detected in 74.4%, and qepA gene in 10% in samples form community 

and hospital acquired UTIs [34]. 

A study performed in Turkey aimed at investigating the frequency of plasmid mediated 

fluoroquinolone resistance (PMFR) genes in ESBL producing E. coli strains isolated from pediatric 

and adult patients with UTI, they found that up to one third (92/258) of all isolates carried at least one 

PMFR gene, the most prevalent was qnrS in 67.4% of isolates [2]. A second study from Turkey, 
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performed in 2019, found that the most prevalent clone responsible for UTI was E. coli clone O25b-

ST131 (22%), which bared in up to 73%, the gene CTX-M-1 and in 37% the gene CTX-M-15 [32]. 

Studies from Venezuela and Brazil detected the same genes, blaTEM and blaSHV in E. coli 

isolates, while the blaCTX-M gene was only found in ESBL-producing isolates mainly in community 

acquired UTIs [15,26]. 

A metanalysis performed in 2022, reported an increase in the trend for phylotype B2 incidence, 

during the years 2014-2020 around the world. The authors’ discussion was around the presence of 

additional risk factors such as host species, nutrition, type of infection, geographical regions to 

explain the variation in phylotype frequency of E. coli [39]. With respect to this phylotype a study in 

Bucharest, Romania, performed in 2019, showed that up to 35% of the causative agent for CA-UTI 

was phylotype B2, 27% B1, and 22% phylotype A. They also investigated ESBL genes and found: 

blaCTM-M in 42.25%, blaTEM in 38.02% and finally blaSHV in 19.71% [16]. In Iran, during the spring 

of 2021, the prevalence of E. coli resistance genes was determined with the following percentages of 

the resistance genes blaTEM in 89.6%; blaCTX-M in 44.3%; blaSHV in 6.6% and blaCMY in 0.9%. The 

most frequent phylotypes was B2 in 29.2% and D in 17.9% [13].  

4.3. Risk Factors Identified for Resistance 

Fluoroquinolone resistant infections are often associated with known risk factors such as recent 

use of fluoroquinolones, subjects living in long-term care facilities or hospitalized patients, 

pregnancy, male patients, immunocompromised or those who have current or pre-existing functional 

or anatomical urinary tract abnormalities, advanced age, large prostate size, and high post-void 

residual volumes, hypertension and diabetes [25,37,40].  

A systematic review found that in women with uCA-UTIs caused by isolates resistant to 

fluoroquinolones a risk factor could be post-menopausal or women with UTI recurrence [36]. Being 

a female could be a risk factor due to the anatomy of the female tract. The female urethra, which is 

shorter and closer to the anus, is the main reason why UTIs are more common in adolescents, adults 

and older women [3]. 

After the conduction of this present review, we found higher percentage of resistance to 

fluoroquinolones in Asian countries, these countries might have risk factors that they share and make 

them more vulnerable to develop an increase in resistance rates, such as a frequent non-prescription 

antimicrobial use [2].  

Additional studies, performed in Europe have suggested regional difference with respect to 

ESBL positive isolates, with the identification of variables related to subjects (age), the environment, 

and antibiotic use in the last 3 months to determine the presence of this variants [41]. 

With respect to environmental factors, others have explored the possibility of regions with 

circulation of already resistant genotypes, which might be present in contaminated food, and 

promote person to person, propagation of the resistant pathogen [15]. Supporting the last variable, 

related to antibiotic use in the previous months, Dobbyn et al., found that in Canada, regions with 

better fluoroquinolone susceptibility were areas with more strict antibiotic prescribing regulations 

[17].  

For older males, being susceptible to recurrent UTIs another mentioned risk factor that relates 

to bladder outlet obstruction is prostate enlargement, the recurrency of UTIs as well as antibiotic use 

have both been associated with antibiotic resistance [33]. In addition to this, travel and swimming 

have also been identified as risk factors for acquiring ESBL producing E. coli strains [13]. 

5. Conclusions 

Fluoroquinolone resistance rates highlight the significance of local resistance monitoring and the 

investigation of underlying mechanism, including local prescription regulations, use in the setting of 

complicated infections, restrict their use in veterinary medicine and highlight the importance of a 

rational use of antimicrobials. This review offers some information related to resistant genes and 

bacterial phylotypes that can be useful to compare trends in the coming years.  
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