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Abstract

Uropathogenic E. coli (UPEC) group, classified as Ex-
traintestinal pathogenic E. coli (ExPEC), causes around 90% 
of community-acquired Urinary Tract Infections (UTIs). 
These strains have increased its level of antimicrobial re-
sistance to frontline antibiotics due to the indiscriminate 
use of antimicrobials that exert a variety of selective pres-
sure on pathogens, and because Enterobacterales can have 
plasmids capable of be transferred between strains - even 
between species - and these are able to carry genes that 
allows the resistance, which, in addiction, uses ESBLs as 
their most common mechanism of resistance. The aim of 
this study is to produce a survey that allows the trace of the 
epidemiological profile over the studied period in relation 
to the community UTI at Londrina city, Paraná, Brazil. A total 
of 22.810 samples from community patients in basic health 
units and emergency units, during June 2016 to May 2019, 
were analyzed. Although UTIs occur in both genders and in 
all age groups, its incidence is higher in women (91.9%) and 
increases with age, as noticed on the mean age among pa-
tients with ESBL-positive samples, 64 years old. These could 
possibly be factors for a higher rate of infections caused by 
resistant microorganisms and the worsening of the infec-
tion development, mainly due to the increased exposure to 
antibiotics, since ESBL producing Enterobacterales are fre-
quently resistant to most of oral antibiotics used in the UTIs 
treatment, such trimethoprim, quinolones, cephalosporins 
and penicillins. Furthermore, there was a greater number of 
isolates resistant to both first and second choice drugs used 
in the treatments of UTIs among ESBL positive patients. By 
dint of that, it’s necessary to know the profile of the main 
microorganisms and the local population, as different loca-
tions have unique characteristics that can directly influence 
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the clinical and epidemiological conditions. Therefore, 
for that matter, the availability of comprehensive digital-da-
ta infrastructures can offer new opportunities to investigate 
the development of antimicrobial resistance spread. Antimi-
crobial resistance surveillance is necessary to determine the 
problem and to guide empirical selection of antimicrobial 
agents for UTIs treatment.

Introduction

Urinary Tract Infections (UTI) are the second most common 
bacterial infections, with the main etiological agent being Esch-
erichia coli (E. coli). That accounts for up to 80% of outpatient 
setting uncomplicated UTIs [1], generating a cost higher than 6 
billion dollars worldwide [2]. 

Uropathogenic E. coli (UPEC) group, classified as Extraintes-
tinal pathogenic E. coli (ExPEC) and responsible for around 90% 
of community-acquired UTIs, have increased its level of antimi-
crobial resistance to frontline antibiotics such as trimethoprim-
sulfamethoxazole and ciprofloxacin [3]. This happens because 
the indiscriminate use of antimicrobials exert a variety of selec-
tive pressure on pathogens (RAJA,2019). Moreover, Enterobac-
terales can have plasmids capable of being transferred between 
strains - even between species -, and these may carry genes 
that allow the resistance to most antibiotics [4]. 

The most common resistance mechanism among Enterobac-
terales is Extended-Spectrum Β-Lactamases (ESBLs), a group 
of enzymes that hydrolyzes the β-lactam presented in the an-
tibiotic compound, turning them ineffective and providing re-
sistance against a several antibiotics from β-lactams-group [5]. 
The increasing of such isolates have serious consequences for 
patients outcome, associated with high rates of morbidity and 
mortality, longer hospitalization and chances of developing fur-
ther health problems, besides the higher health care costs com-
pared with infectious diseases caused by not ESBL-producing E. 
coli [6]. 

The awareness about the local prevalence of ESBL-producing 
Enterobacterales, such as E. coli - most common among them 
responsible mainly for causing UTIs - and their antibiotic sus-
ceptibility profile may help to select effective antimicrobial 
treatments [7]. 

The aim of this study is to produce a survey capable of tracing 
the epidemiological profile over the studied period in relation 
to the community UTI at Londrina city, Paraná, Brazil, once the 
possibility to view the epidemiological and sociodemographic 
data of community patients with urinary tract infection may aid 
to create and manage actions capable of controlling and reduc-
ing the spread of resistance mechanisms commonly found in 
Multidrug-Resistant Enterobacteria (MDR). 

Materials and Methods

From June 2016 to May 2019, 195.080 urine cultures were 
performed by public health services, in a city in southern Brazil. 
Urocultures were performed at Central Laboratory of Londrina 
city (CentroLab), plating 10μL of urine samples into chromo-
genic agar, (chromID® CPS® agar, bioMérieux, Marcy-l’Étoile, 
France). E. coli strains were identified using Gram negative pan-
els and their susceptibility was tested according to a breakpoint 
method using AST238 panel by Vitek® 2 automated system by 
Biomérieux (Marcyl’Etoile, France). Antimicrobial susceptibility 
profile was analyzed according to the Clinical and Laboratory 
Standards Institute (CLSI). 

Patients with incomplete data about antibiogram or microor-
ganism identification on the system and patients with repeated 
tests within six months, with the same susceptibility profile, 
were excluded from this study 

This study was approved by the Ethics and Research 
Committee of the State University of Londrina CAAE 
56869816.0.0000.5231 and authorized by the Health Depart-
ment of Londrina city, Paraná. 

Demographic data analysis 

Demographic data including age, gender, pregnancy, and 
basic health units were collected from WebSaude system, a 
Londrina city hall interfacing system, which contains sociode-
mographic and epidemiological data from all basic health units 
in Londrina city. 

Statistical analysis 

Statistical analysis and graphical representation were per-
formed using Statistical Package for Social Sciences (SPSS - IBM 
Corp., New York, USA), twentieth version for Windows. Categor-
ical data were shown by frequency and percentage. The analy-
sis was performed by Chi-square test or Fischer’s exact test as 
needed. Alpha significance level was 0.05. 

Results and discussion 

A total of 34.293 samples were positive for gram-positive or 
gram-negative microorganisms; of these 22.810 (66,2%) were 
E. coli strains and a total of 2.033 (6,2%) were ESBL producing 
bacteria, being 1.480 (61,2%) ESBL production E. coli. Among 
the 22,810 samples analyzed, 91.9% (20.965) belong to women 
while 8.1% (1,845) to men. Of such, 6.5% (1,489) tested positive 
for the presence of ESBL, 85% (1,258) for females and 15% (222) 
for males, a significant statistical difference (p> 0.01). 

Although it’s a disease that affects both men and women, 
UTIs are traditionally more correlated to women, among whom 
50% will be affected across their lives and around 25% of wom-
en presenting with a first episode of bacterial cystitis proceeds 
to suffer recurrent UTI within 6 months, contracting

until 6 or more infections in the year following the initial epi-
sode. This higher prevalence of UTI in females is attributed to 
anatomic factors, such as shorter urethral length and shorter 
distance from the anus to urethral meatus in women, addition-
ally of the vaginal and perineal environments permissiveness to 
microbial colonization [8]. Besides that, as the most common 
therapeutic approach to UTI is the use of antibiotics and wom-
en with recurrent UTI often require multiple antibiotic regimens 
within short periods of time, this indiscriminate use of antibiot-
ics increases women’s risk of developing antibiotic resistance 
[9]. 

Recent data have demonstrated sharped increases in bacte-
rial resistance to first line antibiotics used to treat UTI in ambu-
latory settings. Resistance has been associated with increased 
microbiologic and clinical failure. Nonadherence to guidelines 
for UTI treatment can result in decreased effectiveness of anti-
biotics (due to development of resistance) and increased health 
care costs [10]. For treatment of acute patients, uncomplicated 
UTI, first-line antibiotics include nitrofurantoin, trimethoprim-
sulfamethoxazole and fosfomycin trometamol. These have low 
collateral damage (selection for drug-resistant organisms), high 
efficacy, and good resistance profiles. Due to higher resistance 
in certain populations, trimethoprim-sulfamethoxazole is only 
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used as a first line drug if local resistance rates are not >20% 
[7,10]. In this study, cephalotin and trimethoprim-sulfamethox-
azole, even in the non-ESBL group, showed more than 20% of 
resistant samples and is not advisable for empirical treatment 
of UTIs. 

While ESBL producing E. coli infections in health care set-
tings have been highlighted as an major issue for many years, 
the emergence of ESBL producing E. coli infections in the com-
munity has only recently been recognized. Since its initial de-
scription, the incidence of community-onset ESBL producing E. 
coli infections has increased significantly. A study performed in 
Switzerland reported an increase in ESBL producing E. coli prev-
alence among outpatients from 0.9% in 2004 to 5.3% in 2011. 

In this study 20,965 female patients, 1,853 (8.8%) were preg-
nant and from these, 80 (4.3%) tested positive for the presence 
of ESBL, while among the 19,112 (91.2%) non-pregnant women, 
the number of positive ESBL was 1,178 (6.2%) samples, a statis-
tically relevant result, with a p-value <0.01. 

In pregnancy, bacteriuria can also lead to complications such 
as pyelonephritis, urosepsis, and increased risk of preterm birth 
[10]. A possible explanation for this is that, although it is less 
common, some UTIs can get worse when it’s associated with 
a structural or functional abnormality (urinary obstruction, 
neurologic disease, immunosuppression, renal dysfunction, or 
catheterization), as well as those that occur in women during 
pregnancy [9]. 

The mean age among patients with ESBL-positive samples 
was 64,00 (40,00-76,00), higher than patients with ESBL-nega-
tive samples, which was

50,00 (29,00-68,00). Furthermore, 37,5% (8,553) of all pa-
tients were over 61 years old, and both groups in the range of 
61-75 and >75 years old have greater positivity for ESBL, with 
55,4% (820) of all positive patients samples. Additionally, it was 
possible to notice that the number of positive samples for ESBL 
in this study increased according to the age of the patients. 

A possible relation between older women and the increase 
in cases of UTIs is that, in premenopausal women, vaginal flora 
is predominated by lactobacilli, responsible for the relatively 
acidic pH of the vagina. Otherwise, the acidic environment is 
lost in postmenopausal women, generating a loss of estrogen 
and enabling the increased colonization and infection by E. coli 
and enterococcus species [11]. 

In older men, a risk factor for UTIs is the benign prostatic hy-
pertrophy [11]. This disease can cause urethral obstruction and 
turbulent urine flow, which facilitates ascension of organisms 
into the bladder, being a source for recurring cystitis or febrile 
urinary infection for some men. Among healthy men younger 
than 60 years old, asymptomatic bacteriuria is unusual, but be-
tween men older than 80 years, 5% to 10% have bacteriuria, 
evolving into complication in patients with functional or struc-
tural abnormalities of the genitourinary tract [12]. 

Elderly people with genitourinary abnormalities that impair 
voiding, which can even lead to urinary incontinence, have an 
increased frequency of UTIs and bacterial strains isolated from 
older subjects. In addition, those patients may have an in-
creased frequency of resistance relative to younger populations 
because of repeated prior antimicrobial courses and health care 
exposures, including urologic interventions in subjects with 
complicated infection [12]. 

All the data above are shown in table 1.

Table 1: Sociodemographic data of patients with urinary E.coli isolates according to the presence of ESBL at Lond-
rina city, Paraná, Brazil, from June 2016 to May 2019.

ESBL

Susceptible (n=21330) Resistant (n=1480) p

Age (average in years) 50,00 (29,00-68,00) 64,00 (40,00-76,00) <0.001

Age (age range)

0-15 1677 7,9% 70 4,7% <0.001

16-30 4003 18,8% 178 12,0%

31-45 3652 17,1% 190 12,8%

46-60 4265 20,0% 222 15,0%

61-75 4774 22,4% 442 29,9%

>75 2959 13,9% 378 25,5%

Gender Female 19707 92,4% 1258 85,0% <0.001

Male 1623 7,6% 222 15,0%

Pregnancy
Non pregnant 17934 91,0% 1178 93,6% <0.001

Pregnant 1773 9,0% 80 6,4%

Categorical data were shown in absolute number (n) and percentage (%) and continuous data in mean and. standard devia-
tion.
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Table 2: Antimicrobial resistance profile of patients with urinary E.coli isolates in the city of Londrina, from  
June 2016 to May 2019.

ESBL

Susceptible (n=21330) Resistant (n=1480) p

First choice antibiotic

Nalidixic Acid
Susceptible 15005 70,4% 370 25,0% <0.001

Resistant 6315 29,6% 1109 75,0%

Ampicillin
Susceptible 11395 53,4% 0 0,0% <0.001

Resistant 9930 46,6% 1477 100,0%

Cephalotin
Susceptible 10699 50,2% 0 0,0% <0.001

Resistant 10624 49,8% 1479 100,0%

Ciprofloxacin
Susceptible 17546 82,3% 518 35,0% <0.001

Resistant 3764 17,7% 961 65,0%

Nitrofurantoin
Susceptible 20373 95,6% 1277 86,3% <0.001

Resistant 944 4,4% 202 13,7%

Norfloxacin
Susceptible 17568 82,4% 519 35,1% <0.001

Resistant 3758 17,6% 960 64,9%

Sulfamethoxazole/Trimetropim
Susceptible 15037 70,7% 654 44,4% <0.001

Resistant 6245 29,3% 818 55,6%

Second choice antibiotic

Amikacin
Susceptible 21273 99,8% 1452 98,1% <0.001

Resistant 53 0,2% 28 1,9%

Amoxicillin Clavulanic Acid
Susceptible 18601 87,2% 831 56,1% <0.001

Resistant 2726 12,8% 649 43,9%

Cefepime
Susceptible 21249 99,6% 15 1,0% <0.001

Resistant 79 0,4% 1465 99,0%

Ceftriaxone
Susceptible 21159 99,2% 0 0,0% <0.001

Resistant 166 0,8% 1480 100,0%

Cefuroxime
Susceptible 19904 93,4% 0 0,0% <0.001

Resistant 1417 6,6% 1479 100,0%

Ertapenem
Susceptible 21285 99,8% 1444 97,6% <0.001

Resistant 36 0,2% 36 2,4%

Gentamycin
Susceptible 20105 94,3% 1098 74,2% <0.001

Resistant 1224 5,7% 381 25,8%

Piperacycline Tazobactam
Susceptible 20565 97,5% 1193 83,1% <0.001

Resistant 520 2,5% 242 16,9%

Meropenem
Susceptible 21274 99,8% 1448 98,0% <0.001

Resistant 35 0,2% 30 2,0%

Table 2 shows that there was a greater number of resistance 
isolates to both first and second choice drugs used in the treat-
ments of UTIs among ESBLpositive patients. These samples 
could hydrolyze the rings present   in β-lactam drugs, thus con-
ferring resistance to antimicrobials such as   penicillins, cepha-
losporins and aztreonam. ESBL producing Enterobacterales are 
frequently resistant to most of the oral antibiotics used in the 
UTIs treatment, such as trimethoprim, quinolones, cephalospo-
rins and penicillins. Thereafter there’s an urgent need for Dis-
covery of new antimicrobials and as a consequence of that, the 
rediscovery of forgotten antibiotics such as fosfomycin a bac-
tericidal antimicrobial agent which has a good activity against 
Gram positive and negative organisms - and nitrofurantoin 
which has been used for the last 50 years to treat UTIs- are be-
ing helpful until the emergence of new antimicrobial agents [2].

The enhanced resistance of prompter of UTIs microorgan-
isms isassociated with increased mortality, morbidity, health 

costs, and, subsequently,there is often a need for the introduc-
tion of broad-spectrum antimicrobials [13].

Conclusions 

UTIs occur in both genders and in all age groups, however, 
as noticed in the study, its incidence is higher in women and 
increases with age. These factors are also possible predispos-
ing agents for a higher rate of infections caused by resistant 
microorganisms and the worsening of the development of the 
infection, mainly due to the increased exposure to the use of 
antibiotics. 

Thus, resistance to antibiotics previously presented exclu-
sively in the hospital environment, is now also found in com-
munity patients, which makes it increasingly difficult to manage 
and treat these infections, since pharmacological options are 
scarce. 
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In order to deal with this situation, it’s necessary to be aware 
of the profile of the main microorganisms and local population, 
considering that different locations have particular character-
istics, which can directly influence the clinical and epidemio-
logical conditions. For this, the availability of comprehensive 
digital-data infrastructures can offer new opportunities to in-
vestigate the development of antimicrobial resistance spread. 

Antimicrobial resistance surveillance is necessary to deter-
mine the problem and, therefore, to guide empirical selection 
of antimicrobial agents for UTIs. 
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