
MEDICC Review, April 2022, Vol 24, No 220

Original Research

Community-Acquired Uropathogenic Escherichia coli, 
Antimicrobial Susceptibility, and Extended-Spectrum 
Beta-Lactamase Detection
Yenisel Carmona-Cartaya MD MS, Mercedes Hidalgo-Benito MD, Luisa M. Borges-Mateus, Niurka Pereda-Novales MS, 
María K. González-Molina, Dianelys Quiñones-Pérez MD MS PhD

ABSTRACT
INTRODUCTION Urinary tract infection is the second-leading 
reason for consults in primary health care. Bacterial urinary 
tract infections are the most common, of which Escherichia 
coli is the main etiologic agent. Antimicrobial resistance 
and multidrug resistance complicate eff ective community 
treatment, especially if resistance is caused by extended-
spectrum beta-lactamase production. WHO recommends that 
antimicrobial susceptibility be evaluated in diff erent regions 
of the world at diff erent times. Community-acquired E. coli’s 
susceptibility to colistin has not yet been studied in Cuba, and 
mcr-1 gene screening is necessary.
 
OBJECTIVE Evaluate community-acquired uropathogenic E. 
coli isolates’ susceptibility to antibiotics, including colistin, and 
identify extended-spectrum beta-lactamase–producing bacteria. 

METHODS We conducted a descriptive cross-sectional study 
that included 281 community-acquired uropathogenic E. coli 
isolates (153 from the Isle of Youth Special Municipality’s 
Hygiene, Epidemiology, and Microbiology Center and 128 
from Microbiology Laboratories of 7 institutions in Havana) 
from June 2016 through July 2018. We used the disk diff usion 
method to determine susceptibility to ampicillin, ampicillin/
sulbactam, cefazolin, trimethoprim/sulfamethoxazole, 
ciprofl oxacin, nitrofurantoin and fosfomycin. The disk elution 
method was used to determine susceptibility to colistin. 
The combined disk method was used to identify extended-
spectrum beta-lactamases. Estimates were made regarding 
the frequency and percentages of antimicrobial susceptibility 
and resistance, as well as multidrug-resistance patterns. 

RESULTS Of the 281 isolates, 68.3% (192/281) were resistant 
to ampicillin, 54.8% (154/281) were resistant to ciprofl oxacin, 
and 49.5% (139/281) were resistant to trimethoprim/
sulfamethoxazole. Resistance to colistin was not detected. 
On the other hand, 14.2% (40/281) were susceptible to the 
8 antibiotics we evaluated, 22.1% (62/281) showed resistance 
to only 1 antibiotic, and 63.7% (179/281) were resistant to 2 
or more antibiotics. In the extended-spectrum beta-lactamase 
determination, 34.5% (97/281) had inhibition zones ≤14 mm 
with cefazolin. Of those with inhibition zones, 64.9% (63/97) 
were positive in the phenotype test, and 35.1% (34/97) 
were negative. In extended-spectrum beta-lactamase–
producing bacteria, 1.6% (1/63) were resistant to fosfomycin, 
and 3.2% (2/63) were resistant to nitrofurantoin. The most 
common multidrug-resistance pattern (22.9%; 30/131) was to 
ampicillin/sulbactam, ampicillin, cefazolin, ciprofl oxacin, and 
trimethoprim/sulfamethoxazole.

CONCLUSIONS Uropathogenic E. coli resistance to the 
antibiotics most frequently used in community medical practice 
is quite common, and extended-spectrum beta-lactamase–
producing bacteria is the mechanism for beta-lactam antibiotic 
resistance. Multidrug-resistance patterns include resistance 
to the antibiotics most used in community-acquired infections. 
Fosfomycin and nitrofurantoin are the most active in extended-
spectrum beta-lactamase producing bacteria. All the isolates 
were susceptible to colistin.
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INTRODUCTION
Urinary tract infections (UTIs) are one of the leading reasons 
for consults in primary health care. The US Centers for Disease 
Control and Prevention defi nes UTIs as common infections 
occurring when bacteria, often from the skin or rectum, enter the 
urethra and infect the urinary tract.[1]

The most common UTI cause is bacterial infection, and according 
to microbiology studies, Escherichia coli is the enterobacteria 

responsible for ≥80% of cases.[2] Sometimes symptoms do not 
disappear after treatment, possibly due to patient risk factors, the 
microorganism’s virulence and pathogenicity, or bacteria’s growing 
resistance to the antibiotics most often used in treatment.[3]

The most common practice for treating community-acquired UTIs 
is prescribing treatment without prior microbial identifi cation. 
However, due to increasing antibiotic resistance, this approach 
is not very eff ective.[4] Extended-spectrum beta-lactamase 
(ESBL) production is the mechanism most often associated with 
multidrug resistance in gram-negative bacilli, especially in E. 
coli,[3] and increased incidence in community isolates has been 
reported.[4]

The prevalence of multidrug-resistant uropathogenic E. coli varies 
by geographic region.[5] Monitoring its susceptibility to antibiotics 
helps detect variations in usual susceptibility patterns and assists 

IMPORTANCE  This work highlights the need to conduct 
sensitivity tests before treating urinary tract infections 
caused by E. coli, due to increasing antimicrobial 
resistance in Cuba.
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in properly treating UTIs by decreasing treatment failures due to 
antibiotic resistance.[3]

In 2015, a mechanism for transferable colistin resistance was fi rst 
detected—mediated by the mcr-1 gene in E. coli and Klebsiella 
pneumoniae isolates collected from hospitalized patients, animals 
and raw meat.[6] For this reason, WHO recommends screening for 
this resistance mechanism, and the Latin American and Caribbean 
Network for Antimicrobial Resistance proposes evaluating country-
specifi c E. coli community isolates’ susceptibility to colistin.[7,8]

In Cuba, studies show a high prevalence of UTI-causing E. coli 
that are resistant to the most common antibiotics used in medical 
practice and community circulation of ESBL-producing isolates.
[9,10] However, research including diff erent health institutions and 
geographic areas in the country is lacking. Furthermore, there are 
no reports about uropathogenic E. coli’s susceptibility to colistin in 
community isolates as a preliminary step to mcr-1 gene screening. 

The purpose of this research was to evaluate uropathogenic E. 
coli’s susceptibility to antibiotics (including colistin) in community-
acquired isolates, and to identify ESBL-producing bacteria. 

METHODS
Design and sample We performed a descriptive cross-
sectional study including 281 community-acquired UTI-causing 
E. coli isolates; 153 were collected by the Isle of Youth Special 
Municipality’s Center for Hygiene, Epidemiology, and Microbiology, 
and 128 were collected from microbiology laboratories in 
several Havana hospitals from outpatients with community-
acquired infections (namely the Calixto García, Manuel Fajardo, 
Enrique Cabrera, Ramón González Coro, William Soler and 
Freyre Andrade hospitals, and the Pedro Kourí Tropical Medicine 
Institute’s [IPK] Clinical Microbiology Laboratory). Samples were 
collected from June 2016 through July 2018 and were studied 
in the National Reference Laboratory for antimicrobial resistance 
surveillance in infection-related pathogens associated with health 
care, at IPK in Havana.

Antimicrobial susceptibility Antimicrobial susceptibility was 
determined using the Kirby-Bauer technique in Mueller-Hinton 
agar,[11] except for susceptibility to colistin, which was studied 
using the colistin disk elution method in cation-adjusted Mueller-
Hinton broth, according to the protocol recommended by the 
National Infectious Disease Institute at Dr. Carlos G. Malbrán 
National Laboratory and Health Institute Administration (INEI-
ANLIS), Argentina, in 2017,[12] and susceptibility to fosfomycin, 
which was studied using Müeller-Hinton agar supplemented with 
glucose-6-phosphate.[13] The antibiotics studied were ampicillin/
sulbactam (gradient strips 0.016–256 μg/L), ampicillin (0.016–256 
μg/L), cefazolin (30 μg), ciprofl oxacin (gradient strips 0.0032–32 
μg/L), fosfomycin (200 μg), nitrofurantoin (30 μg), trimethoprim/
sulfamethoxazole (1.25/23.75 μg) and colistin (10 μg). Disks 
and concentration gradient strips were sourced from Liofi lchem 
(Italy). Results were interpreted according to the Clinical and 
Laboratory Standards Institute’s (CLSI) 2019 standards,[14] USA, 
except for colistin results, which were interpreted according to 
the Antimicrobial Resistance Surveillance Network’s (WHONET-
Argentina) protocol.[7] 

E. coli isolates’ microbial susceptibility were rated as follows: 
‘sensitive’ (antimicrobial activity level is associated with a 

high probability of therapeutic success); ‘intermediate’ (a high 
probability of therapeutic success because exposure to the agent 
is increased by either dosage or concentration at the site of 
infection); or ‘resistant’ (antimicrobial activity level is associated 
with a high probability of therapeutic failure).[7,14]

ESBL detection Cefazolin disks were used as predictors of 
susceptibility to oral cephalosporins based on the WHONET’s 
2017 protocol.[7] For all isolates with inhibition zones ≤14 mm 
for this antibiotic, the ESBL-producer phenotype was confi rmed 
using the combined disk method: 1) ceftazidime (30 μg) and 
ceftazidime/clavulanic acid (30/10 μg), and 2) cefotaxime 
(30 μg) and cefotaxime/clavulanic acid (30/10 μg) (Liofi lchem, 
Italy).[14] The K. pneumoniae ATCC 700603 strain was used as 
a positive control, and the E. coli ATCC 25922 strain was used 
as a negative control.

Statistical analysis Descriptive statistical measures (frequencies 
and percentages) were used to analyze isolates’ antimicrobial 
susceptibility profi les, multidrug-resistance patterns and ESBL 
production. 

RESULTS
Of the 281 uropathogenic E. coli isolates, 68.3% (192/281) were 
resistant to ampicillin, 54.8% (154/281) to ciprofl oxacin and 49.5% 
(139/281) to trimethoprim/sulfamethoxazole. The percentages of 
isolates resistant to cefazolin (34.5%; 97/281) and to the ampicillin/
sulbactam combination (28.1%; 79/281) were considered high, 
as they were above 20%. Figure 1 shows susceptibility and 
resistance percentages based on whether they were susceptible, 
intermediate or resistant.

The percentages of fosfomycin-resistant isolates and nitrofuranto-
in-resistant isolates were low (Figure 1). Resistance to colistin was 
not found, even though colistin was only evaluated in order to start 
mcr-1 gene screening (Figure 1). Percentages of resistant isolates 
were quite similar between Havana and the Isle of Youth (Table 1).

Of the isolates, 14.2% (40/281) were susceptible to the 8 antibiotics 
evaluated, 22.1% (62/281) were resistant to only 1 antibiotic, and 
63.7% (179/281) were resistant to 2 or more antibiotics. Resistant 
isolates had 24 diff erent antibiotypes, 10 of which include 1 or 2 
antibiotic classes, and 14 include ≥3 classes. They were therefore 
considered multidrug-resistant (MDR) patterns. 

Figure 1: Susceptibility to antimicrobials of Escherichia coli isolates 
causing community-acquired urinary tract infections (n = 281) 
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Of the MDR patterns, 4 were found in a single isolate, and 6 were 
repeated in 2 or more isolates. Most MDR patterns demonstrate 
resistance to ampicillin, ciprofl oxacin and trimethoprim/
sulfamethoxazole (Table 2).

In the ESBL determination, 34.5% (97/281) of isolates had inhibition 
zones ≤14 mm for cefazolin. Of those with inhibition zones, 64.9% 
(63/97) were positive in the phenotype test and 35.1% (34/97) 
were negative. All (63/63) of the positive ESBLs were resistant 
to cefazolin and ampicillin, 44.4% (28/63) were resistant to the 
ampicillin/sulbactam combination, 47.6% (30/63) to ciprofl oxacin, 
and 42.9% (27/63) to trimethoprim/sulfamethoxazole. Fosfomycin 
and nitrofurantoin had the best in vitro activity in ESBL-positive 
uropathogenic E. coli isolates; 1.6% (1/63) of the isolates were 
resistant to fosfomycin, and 3.2% (2/63) to nitrofurantoin. We 
subdivided the susceptibility and resistance percentages based on 
whether they were susceptible, intermediate or resistant (Figure 2).

DISCUSSION
Physicians have historically prescribed antibiotics for UTIs without 
conducting microbiology studies to identify the causal bacteria, but 
emerging antibiotic resistance is increasingly limiting this practice. 

UTI treatment guidelines advise refraining from antibiotic use 
without susceptibility studies if the local resistance rate is greater 
than 20%.[5] For this reason, data on bacterial resistance patterns 
to antibiotics commonly used to treat UTIs should be frequently 
updated. These patterns vary by geographic region and may even 
change over time in a single area or within a single country.[15]

High rates of ampicillin resistance in uropathogenic E. coli isolates 
have been reported worldwide.[16,17] Several authors have 
reported ampicillin to be the antibiotic most aff ected by resistance 
in Cuba.[16–20] Poor in vitro effi  cacy and high resistance indicates 
that the use of ampicillin in the treatment of uncomplicated UTI 
without prior microbial identifi cation should be avoided.[5]

Ciprofl oxacin and trimethoprim/sulfamethoxazole are the 
most-commonly prescribed antibiotics in primary health care 
appointments in Cuba because of their recognized effi  cacy in 
treating UTIs, their availability on the market and their low cost, 
but indiscriminate use or misuse of both antibiotics has caused 
a decrease in bacterial susceptibility percentages in hospital-
acquired and community-acquired infections.[21]

González[22] and more recently Cabrera[3] reported that >30% 
of community-acquired UTI-causing uropathogenic E. coli were 
resistant to ciprofl oxacin in the province of Havana and to 
trimethoprim/sulfamethoxazole in the province of Mayabeque. 
In diff erent parts of the world, this pathogen’s resistance rates to 
both antibiotics exceeds 20%.[4,16]

ST131, an emerging hyperepidemic clone of UTI-causing E. 
coli—resistant to fl uoroquinolones and co-resistant to other 
antibiotic classes—is often resistant to ciprofl oxacin and can be 
found worldwide.[5] In Cuba, this clone was found in E. coli clinical 
isolates, so it could be responsible for the multidrug resistance in 
this study’s isolates.[10]

Due to bacterial resistance to fl uoroquinolone and to trimethoprim/
sulfamethoxazole, using these antibiotics in community-acquired 
infections is not advised, and cephalosporin resistance limits 
treatment options. Using these antibiotics without previous 
susceptibility tests delays appropriate therapy, causes therapeutic 
failure and increases treatment costs.[5]

Although cefazolin (cephalosporin for parenteral use) is a very 
good predictor of susceptibility to oral cephalosporins in resistance 

Table 1: Percentage of uropathogenic Escherichia coli-resistant 
isolates, by geographic area

Antibiotic
Percentage of resistant uropathogenic E. coli isolates

Havana (n = 128) Isle of Youth (n = 153)
n (%) n (%)

AMS 32 (25.0) 47 (30.7)
AMP 86 (67.2) 106 (69.3)
CFZ 37 (28.9) 60 (39.2)
FOS 0 (0.0) 1 (0.7)
CIP 78 (60.9) 76 (49.7)
SXT 71 (55.5) 68 (44.4)
NIT 2 (1.6) 1 (0.7)

AMP: Ampicillin; AMS: Ampicillin/sulbactam; CFZ: Cefazoline; CIP: Ciprofl oxacin; 
FOS: Fosfomycin; NIT: Nitrofurantoin; SXT: Trimethoprim/sulfamethoxazole

Table 2: Multi-drug–resistant Escherichia coli strains in community-
acquired urinary tract infections 
Multi-drug–resistant  
isolates
n (%)

Multi-drug resistance patterns

30 (22.9) AMS, AMP, CFZ, CIP, SXT 
24 (18.3) AMP, CFZ, CIP, SXT 
21 (16.0) AMP, CIP, SXT 
13 (9.9) AMS, AMP, CFZ, CIP 
10 (7.6) AMP, CFZ, CIP 
10 (7.6) AMS, AMP, CIP, SXT 
8 (6.1) AMS, AMP, SXT 
5 (3.8) AMS, AMP, CFZ, SXT 
4 (3.1) AMS, AMP, CIP 
2 (1.5) AMP, CIP, SXT 
1 (0.8) AMS, AMP, CFZ 
1 (0.8) AMS, AMP, CFZ, CIP, SXT, NIT 
1 (0.8) AMS, AMP, CIP, NIT
1 (0.8) CFZ, FOS, NIT
Total: 131 isolates 14 patterns  

AMP: Ampicillin; AMS: Ampicillin/sulbactam; CFZ: Cefazoline; CIP: Ciprofl oxacin; 
FOS: Fosfomycin; NIT: Nitrofurantoin; SXT: Trimethoprim/sulfamethoxazole

Figure 2: Susceptibility of ESBL-producing Escherichia coli isolates causing 
community-acquired urinary tract infections to antimicrobials (n = 63)
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studies, its use for susceptibility estimates is not recommended. 
Instead, susceptibility or resistance to oral cephalosporins 
available in the local health area should be studied, because there 
is no oral presentation for cefazolin.[7]

In this study, less than 20% of isolates were resistant to cefazolin, 
consistent with what Marrero reported in the eastern province of 
Holguín;[19] therefore, oral cephalosporins are not recommended 
in treating community-acquired UTIs.

The combination of penicillins and beta-lactamase inhibitors, 
such as clavulanic acid, tazobactam and sulbactam, strengthens 
the action of these drugs by restoring their antimicrobial activity 
against bacteria that are resistant because of plasmid-mediated 
beta-lactamase production.[20] However, in this study, we found 
high frequencies of uropathogenic E. coli resistance to the 
ampicillin/sulbactam combination. This coincides with results of 
various studies in Cuba and other countries.[5,9,16,20] Therefore, 
use of this combination is limited in severe community-acquired 
infections where its in vitro effi  cacy  has not been demonstrated.

Because of bacterial resistance, antibiotics that were used for a 
long time as fi rst-line UTI treatment stopped being used without fi rst 
performing susceptibility tests, and nitrofurantoin and fosfomycin 
were adopted to treat community-acquired UTIs.[23] Nitrofurantoin 
is a good option for treating uncomplicated community-acquired 
UTI because it achieves good concentrations in urine, has low 
resistance, and has been prescribed in Cuba and elsewhere as a 
urinary bacteriostatic agent for many years.[3,22] Fosfomycin has 
bactericidal action, is broad-spectrum, achieves high concentrations 
in urinary tracts, has low toxicity, and can be eff ective as a single 
dose for uncomplicated UTI treatment.[24]

Our results show good in vitro nitrofurantoin and fosfomycin activity 
against this pathogen. Previous studies in Cuba have shown 
uropathogenic E. coli susceptibility levels to both antibiotics at 
>90%.[3,22] However, nitrofurantoin’s wide range of side eff ects 
(nausea, vomiting, abdominal pain, decreased appetite) leads 
to low treatment adherence, and in Cuba the oral presentation 
of fosfomycin trometamol is not available, so treating UTIs with 
those antibiotics in Cuban communities is unfeasible.

We did not fi nd resistance to colistin, which could be because 
its use is limited to treating severe infections caused by gram-
negative, multidrug-resistant bacilli. This reaffi  rms the need to 
continue using it appropriately.[8] Because community-acquired 
E. coli expressing the transferable colistin-resistant mcr-1 gene 
is circulating in the world, Cuba’s microbiology laboratory network 
needs to actively screen for resistance to colistin in enterobacteria 
collected from community-acquired infections.

Evaluating community isolates’ susceptibility to colistin has 
epidemiologic value in researching the mcr-1 gene and its variants, 
if one considers that WHO has issued an epidemiological alert 
notifying mcr-1 gene detection in E. coli community isolates in several 
countries, and has called on countries to implement and maintain 
the capacity for detecting, preventing and controlling transmission 
of microorganisms with transferable colistin resistance.[8] 

Resistance patterns vary over time and by geographic region; 
therefore, it is advisable to maintain active local surveillance to 
update treatment guidelines as needed.[15] In this study, however, 

we did not fi nd major diff erences between resistance profi les of 
isolates from Havana and those from the Isle of Youth.

MDR patterns coincide with the observations by Expósito,[18] 
who reported fi ve MDR patterns in community-acquired UTI-
causing E. coli isolates in Cuba’s Guantánamo province, where 
most common resistance was to trimethoprim/sulfamethoxazole, 
ciprofl oxacin, tetracycline and ampicillin. Guzmán reported 
higher resistance to ampicillin, cephalosporins, trimethoprim/
sulfamethoxazole and ciprofl oxacin in Venezuela.[16]

ESBL detection is used as a relevant clinical and epidemiological 
marker for reducing morbidity and mortality caused by ESBL-
producing bacteria.[9] In the last few years, a growing number of 
reports show these microorganisms in community isolates.[15] It 
is important to determine their national, local and even institutional 
incidence in order to adjust antibiotic therapies, and to avoid 
treatment failures and increased resistance levels. 

Cefazolin disks, a good ESBL predictor in antimicrobial 
susceptibility testing, helped detect isolates whose phenotypes 
included the ESBL mechanism. On these grounds, cefazolin 
disks are recommended for inclusion in Cuba’s Microbiology 
Laboratory Network for researching  community-acquired isolates, 
since ESBL-producing bacteria have been reported in Cuban 
communities.[9,10,20]

Multidrug-resistance in ESBL-producing bacteria is a signifi cant 
health problem because these enzymes confer resistance to 
penicillins, cephalosporins and aztreonam; and 30% to 60% 
are resistant to beta-lactam antibiotics associated in their 
formulation with beta-lactamase inhibitors. ESBLs are coded in 
plasmids that carry resistance genes for other antibiotic classes, 
including quinolones, aminoglycosides and trimethoprim/
sulfamethoxazole,[25] which were observed in the ESBL-positive 
strains isolated in our research.

It is a challenge to select antibiotic regimens for ESBL-producing 
bacteria because these must be adjusted to possible causative 
agents, and during selection, doctors must consider local 
epidemiology, which diff ers from hospital to hospital and from city 
to city.[26] 

García[27] suggests the primary measures for preventing ESBL-
producing bacteria are frequent handwashing, disinfecting surfaces 
that may serve as vectors, and reducing inappropriate antibiotic 
use—especially that of cephalosporins and quinolones. According 
to García, nitrofurantoin and fosfomycin have good activity in 
ESBLs, so they appear the best treatment options for uncomplicated 
UTIs caused by ESBL-producing microorganisms.[27] The results 
of this study reaffi  rm this proposal and coincide with reports by 
other authors who say that most community-acquired UTI-causing 
ESBL-producing E. coli are susceptible to these two antibiotics.
[4,26,28] This could be due to the infrequent use of nitrofurantoin 
and fosfomycin trometamol in recent years, considering that the 
latter is not available in Cuba. However, due to bacterial capacity for 
mutation and continued adaptation to the environment, resistance 
surveillance and rational antibiotic use should be maintained.[15] 

This research is limited by the fact that we did not know the 
patients’ clinical characteristics, which kept us from classifying 
the type of urinary infection, and because we did not study the 
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susceptibility pattern of all bacterial uropathogens that caused 
UTIs; our study was limited to E. coli. However, guidelines for 
urinary tract infection treatment are based on the susceptibility of 
E. coli, the most commonly-isolated bacteria.

Another limitation of the study is that colistin susceptibility was 
only evaluated as a preliminary step in screening for the mcr-1 
gene; we did not perform molecular studies to confi rm whether 
any of the studied isolates carried this gene or its variants.

Considering the high resistance to ciprofl oxacin and known 
circulation of the high-risk clone ST-131 in community isolates in 

Cuba, we recommend performing molecular epidemiology studies 
of isolates to help determine whether they belong to this clone. 

CONCLUSIONS 
There is a high frequency of resistance of uropathogenic E. 
coli to antibiotics most commonly used in medical practice, with 
extended-spectrum beta-lactamase–producing bacteria as the 
mechanism for resistance. Multidrug-resistance patterns include 
three or more of the antibiotic classes most commonly used for 
community infections. Fosfomycin and nitrofurantoin are the 
most active antibiotics in extended-spectrum beta-lactamase–
producing bacteria. All isolates were susceptible to colistin.
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