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Abstract: Background: Urinary tract infection is a common pathology in practice. The most implicated bacterial species is
Escherichia coli. Fluoroquinolones occupy a privileged place among the molecules most prescribed in the treatment of these
infections. Objective: determine the fluoroquinolone resistance profile of uropathogenic Escherichia coli strains at University
Hospital Med VI of Marrakesh and analyze the evolution of this resistance over time in these isolates. Materials and methods:
Descriptive study, over a period of 5 years (January 1, 2013 - December 31, 2017), covering all uropathogenic strains of E.coli
isolated from outpatients and hospitalized at the University Hospital of Marrakesh. The samples were processed and analyzed in
the Microbiology laboratory of the University Hospital. Results: During the study period, 1411 strains of uropathogenic E.coli
were included. Women were mostly affected (68%). The prevalence of urinary tract infection was 22%. The number of strains
studied and the resistance rates were calculated by combining the resistant strains and the intermediate strains. Resistance to
ciprofloxacin increased from 16% in 2013 to 32% in 2017. An increase with age has been demonstrated for resistance to
fluoroquinolones. Extended spectrum beta-lactamase production significantly affected the resistance rate to fluoroquinolones in
E.coli (24% in C3G-sensitive strains and 56% in ESBL strains). Conclusion: This study demonstrates the serious emergence of
the resistance of uropathogenic E.coli strains to fluoroquinolones, hence the interest of revising the empirical treatment of urinary
tract infections in our country and monitoring use antibiotics to control the diffusion of quinolone resistance in E.coli.
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1. Introduction
Urinary tract infections (UTIs) are a common cause of
acute illness in common practice [1]. The microbial agents
responsible are essentially Enterobacteriacae in both hospital
and community settings. The most incriminated bacterial
species is Escherichia coli, which accounts for 40 to 80% of
isolated organisms [1, 2].
Fluoroquinolones (FQ) are major antibiotics in the
therapeutic arsenal, used to treat many infections including
urinary tract infections, because of their remarkable qualities.
Indeed, these molecules have excellent intracellular and
tissue diffusion, a broad antibacterial spectrum, are
bactericidal on sensitive germs at the price of a perfectly

satisfactory clinical tolerance; finally, their oral
bioavailability is excellent [3]. In the context of the global
emergence of antibiotic-resistant E.coli strains from
antibiotics, the use of broader-spectrum antibiotics for even
uncomplicated forms has become commonplace [1, 2].
Indeed, this resistance that has spread to fluoroquinolones
has evolved considerably in recent years with alarming
prevalence that can exceed 25% in strains [3, 4].
In Morocco, previous studies have also reported this problem of
increased incidence of resistance of uropathogenic strains to
antibiotics including fluoroquinolones mainly related to its
excessive or inappropriate use [5, 6]. Aware of the alarming
problem of antimicrobial resistance, this work aims to determine
the fluoroquinolone resistance profile of uropathogenic E.coli
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strains at Med VI University Hospital of Marrakech and analyze
the evolution of this resistance over time. It also aims to undertake
a review of the empirical treatment of urinary tract infections in
our country to control the diffusion of quinolone resistance in E.
coli and to balance the impact on bacterial ecology.

2. MaterialsandMethods
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Male urinary tract infection accounted for only 10% of all
urinary infections collected during this period. The number
of strains studied and the resistance rates were calculated by
combining both the resistant and intermediate strains.
Table 1 shows the evolution of resistance of uropathogenic
E coli to fluroquinolones (Ciprofloxacin) from 16% in 2013
to 32% in 2017.

This is a retrospective descriptive study on all uropathogenic
strains of E.coli isolated in outpatients and hospitalized at the
University Hospital of Marrakech over a period of five years
from January 1, 2013 to December 31, 2017.
The samples were processed and analyzed in the
Microbiology laboratory of the University Hospital Center.
Urines were inoculated on non-selective Cystine Lactose
Electrolyte Deficient (CLED) media and incubated in a
normal atmosphere at 35 +/- 2° C for +/- 4h. Pure cultures
had been identified and investigated for antibiotic sensitivity.
Bacterial identification was based on morphological,
cultural and biochemical characters either by using
conventional Api 20 E enterobacterial identification galleries
or using the BD Phoenix® automaton.
The Antimicrobial susceptibility testing was carried out
by the diffusion method of the disks in agar medium (Müller
Hinton medium) and interpreted after measurement of the
inhibition or liquid medium diameters by the BD Phoenix®
system according to the most recent version of the
Committee of the antibiogram of the French Society of
Microbiology CA-SFM-EUCAST guidelines [7].
Data entry and statistical analysis were performed using
the Microsoft Office Excel software.

Table 1. Evolution of the resistance of uropathogenic E.coli to
fluroquinolones (Ciprofloxacin) between 2013 and 2017 at the University
Hospital in Marrakesh (n = 1706).

3. Results

Figure 2. Age distribution of resistance of uropathogenic E.coli strains to
fluroquinolones.

From 1st January 2013 to 31st December 2017, 28,692 urine
specimens were processed at the level of the microbiology
laboratory of Med VI University Hospital of Marrakech.
During the study period, 1706 strains of uropathogenic
E.coli were included. The prevalence of urinary tract
infection was 22%. Community-acquired E.coli urinary
infection was estimated at 60%. Women were predominantly
affected (68%) (Figure 1).

Year
2013
2014
2015
2016
2017

Percentage of resistance to ciprofloxacin
16
19
24
27
32

An increase with age has been demonstrated for resistance to
fluoroquinolones (Figure 2).

Table 2 reports susceptibility patterns of fluoroquinoloneresistant Escherichia coli strains between 2013 and 2017.
The antibiotics that remained the least active were
amoxicillin (AMX) and cotrimoxazole (SXT) with sensitivity
levels not exceeding 10% and 40%, respectively..
Table 2. Antibiotic susceptibility profile of Escherichia coli strains resistant
to fluoroquinolones between 2013 and 2017 at the University Hospital of
Marrakesh.
Antibiotic
Amoxicillin
Amoxicillin clavulanic acid
Cotrimoxazole
C3G
E-ESBL

Number
171
853
682
682
955

Percentage (%)
10
50
40
40
56

C3G: Cephalosporin third generation
ESBL: Extended spectrum beta-lactamase

Figure 1. Prevalence of urinary tract infection in E.coli by age and sex
between2013 and 2017at the University Hospital in Marrakesh.

Cephalosporin Third-generation resistance (C3G) was
greater than 60%. This decrease in C3G sensitivity is mainly
related to the production of extended-spectrum betalactamase which significantly impacted the resistance rate to
fluoroquinolones in E.coli (24% in C3G-sensitive strains and

152

Saîda Ed-dyb et al.: Evolution of Resistance to Fluoroquinolones of Uropathogenic Strains of Escherichia coli
Isolated at the University Hospital of Marrakesh, Morocco

56% in the ESBL strains.
The amoxicillin + clavulanic acid combination, however,
regained efficiency with a significant increase in the level of
sensitivity ranging from 21% in 2013 to 55% in 2017.

4. Discussion
Urinary tract infection (UI) is the most common bacterial
infection. It is a considerable economic burden on society. E.
coli is by far the most frequently isolated germ. This has to
do with the pathophysiology of the UI. The latter is generally
ascending, and there is a strong colonization of the perineum
by enterobacteria of digestive origin, and in particular E. coli
[1]. In addition, there are speci ﬁ c factors of
uropathogenicity. E.coli has adhesins (adh. P 1 S, adh. Afa
M), capable of binding the bacteria to the urinary epithelium
and preventing its elimination by bladder emptying [1].
The data collected during this survey provide a number of
observations concerning the epidemiology of clinical E. coli
strains in hospitals and communities in our context. E. coli is
the first bacterial species isolated from urine samples with a
percentage exceeding 60% of all isolates [1, 2]. The noted
female predominance is linked to the anatomical
configuration: shortness of the urethra, proximity to the
genital and anal orifices, insufficient hygiene practices,
sexual intercourse and pregnancy [2].
E.coli is naturally sensitive to fluoroquinolones (FQ). Until
the 1980s, the resistance of E.coli strains to FQ was low and
stable (less than 20%) [3]. the misuse of these molecules in
human and veterinary medicine has increased the resistance
of E. coli to FQ in recent decades [8].
This study confirms the worrying nature of the evolution
of FQ resistance at E.coli in the University Hospital of
Marrakech between 2013 and 2017 [5, 6]. Indeed, it
highlights an evolution of clinical isolates towards resistance
to FQ. This trend towards FQ resistance has increased
significantly from 16% in 2013 to 32% in 2017.
This observation is broadly consistent with the global
epidemiological situation of E.coli resistance in FQ. This
situation varies from country to country. In the United States,
it is estimated that 10% of strains are resistant to
ciprofloxacin [9]. The European situation seems to be much
more worrying with resistance rates varying between 15 and
30% in Spain and France [10, 11]. In Turkia, resistance rates
of uropathogenic E. coli strains are around 40%[12].
In Morocco, Lahlou et al. found a rate of 36% [13]. In
2014, a study carried out in the urology department at
Mohamed VI University Hospital in Marrakech recorded a
resistance rate of 28% [5, 6].
The susceptibility of community Escherichia coli strains
isolated from urinary tract infections in emergency
department patients is steadily decreasing and is of particular
concern with regard to fluoroquinolones, calling into
question the empirical treatment of acute pyelonephritis with
fluoroquinolones [8].
The minimal use of quinolones in children explains high
sensitivity rates to this antibiotic family which exceeded 87%

in this series. Other publications have reported reassuring
rates in this regard [14, 15].
The acquisition of resistance of uropathogenic E.coli to
fluoroquinolones is a phenomenon that occurs in stages, with
the gradual accumulation of "stair case" resistance
mechanisms. This spread of resistance can be explained by
other causes other than the clonal transmission of resistant
strains. These causes are as follows:
1) The prescription of a fluoroquinolone during the last six
months exposing the risk of selection of less sensitive
strains: The risk of emergence of high-level resistant
mutants for strains resistant to first-generation
quinolones, and sensitive to fluoroquinolones [16].
2) The important ecological impact of fluoroquinolones on
the gut microbiota involving a savings strategy and
limits their use to specific indications [17].
3) Abuse of fluoroquinolones being the first therapeutic
choice, the non-respect of the antibiotic treatment
protocols by the patient and the clinician and the
important shift in the practice of self-medication as a
whole, with the appearance of new profiles, who
practice medical diagnosis and opt for such an antibiotic
which represents an irresponsible and dangerous act
[17, 18].
4) The treatment with antibiotics without results of the
Antimicrobial susceptibility testing that remains a
significant approach in community [19].
The acquired resistance to these antibiotics is the result of
the combination of several mechanisms: The mechanisms of
resistance most frequently found are related to
impermeability of the bacterial wall by reducing the
expression or inactivation of the gene coding for porins.
Chromosomal point mutations in antibiotic targets, gyrase
(encoded by gyrA / B genes) and topoisomerase IV (parC / E
gene), or the acquisition or over expression of an efflux pump
reducing concentration of fluoroquinolones in bacteria [20].
However, the existence of the first levels of resistance
must be investigated, either by measuring MICs or by
detecting a resistance to nalidixic acid, in order to warn the
clinician of the risk of decreased bactericidal activity [3,6].
The association of fluoroquinolone resistance with other
molecules, especially with betalactamins, is predominantly
dominated by third-generation cephalosporins as we have
noted has been reported by several authors [8]. This is due to
frequent association between Qnr and ESBL gene
determinants [21]. This Qnr gene is spreading globally with
variant prevalences in Enterobacteriaceae. This highlights the
possibility of co-selection of these two mechanisms of
plasmid resistance. In this study, 56% of the multiresistant
strains were identified (ESBL + FQ resistance). These strains
of the uropathogenic E.coli studied are suspect to be carriers
of both genes.
This is consistent with a study conducted in Ivory Coast
which evaluated the prevalence of the "Qnr -BLSE"
combination in 151 strains of ESBL-producing enterobacteria
[22]. The same study reports that the percentage of ESBL
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E.coli strains with Qnr genes was 31% [22].

5. Conclusion
This study demonstrates the serious emergence of the
resistance
of
uropathogenic
E.coli
strains
to
fluoroquinolones, hence the interest of revising the empirical
treatment of urinary tract infections in our country.
The prescription of fluoroquinolones must result from a
very rigorous medical reasoning taking into account the
national situation of antibiotic resistance due to the scale of
the problem.
In view of the epidemic risk of transmitting bacterial
resistance to beta-lactams and quinolones, expert authorities
and societies should put in place a relevant resistance
monitoring policy for better control of multiresistant strains
circulation.
Given these issues, it would be imperative to undertake an
action to raise public awareness through a hygiene policy and
ban self-medication, to enhance scientific cooperation
between biologist and clinician to rationalize the use of these
drugs as well as the review of the empirical treatment of
urinary tract infections in our country by promoting other
therapeutic alternatives, especially in community settings, to
limit inappropriate indications and by monitoring the use of
antibiotics to control the spread of quinolone resistance in
E.coli.
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