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CIPROFLOXACIN RESISTANCE PATTERN AMONG BACTERIA ISOLATED FROM PATIENTS WITH
COMMUNITY-ACQUIRED URINARY TRACT INFECTION

Ana Carolina Costa REIS(1), Susana Regia da Silva SANTOS(1), Siane Campos de SOUZA(1,2), Milena Gées SALDANHA(2),
Thassila Nogueira PITANGA(3) & Ricardo Riccio OLIVEIRA(3)

SUMMARY

Objective: To identify the main bacterial species associated with community-acquired urinary tract infection (UTI) and to assess
the pattern of ciprofloxacin susceptibility among bacteria isolated from urine cultures. Methods: We conducted a retrospective study
in all the patients with community-acquired UTI seen in Santa Helena Laboratory, Camagari, Bahia, Brazil during five years (2010-
2014). All individuals who had a positive urine culture result were included in this study. Results: A total of 1,641 individuals met the
inclusion criteria. Despite the fact that participants were female, we observed a higher rate of resistance to ciprofloxacin in males. The
most frequent pathogens identified in urine samples were Escherichia coli, Klebsiella pneumoniae and Staphylococcus saprophyticus.
Antimicrobial resistance has been observed mainly for ampicillin, sulfamethoxazole + trimethoprim and ciprofloxacin. Moreover, E.
coli has shown the highest rate of ciprofloxacin resistance, reaching 36% of ciprofloxacin resistant strains in 2014. Conclusion: The
rate of bacterial resistance to ciprofloxacin observed in the studied population is much higher than expected, prompting the need for
rational use of this antibiotic, especially in infections caused by E. coli. Prevention of bacterial resistance can be performed through
control measures to limit the spread of resistant microorganisms and a rational use of antimicrobial policy.
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INTRODUCTION

Urinary tract infection (UTI) is a common cause of morbidity in the
population, representing a good proportion of medical appointments
among public health services, second only to respiratory infections'?.
The main bacterial pathogens isolated from UTI patients include gram-
negative Enterobacteriaceae, such as Escherichia coli, Klebsiella
pneumoniae and Proteus mirabilis, and gram-positive species, such
as Staphylococcus spp. and Streptococcus spp.'3. The treatment and
control of UTIs are accomplished through drug therapy with antibiotics
of different classes.

Antibiotics are natural or synthetic compounds that are able to
inhibit microbial growth or directly kill bacteria or fungi. Some classes
of antibiotics can be used in the treatment of UTI, especially those with
greater activity against gram-negative bacteria, the main etiological
agents of community-acquired UTI, such as -lactams, fluoroquinolones,
aminoglycosides and sulfamethoxazole+trimethoprim®*. The increase in
B-lactam and sulfamethoxazole+trimethoprim antimicrobial resistance
over the past years led to the use of fluoroquinolones as the first choice
for empiric treatment of UTIL. Fluoroquinolones, antibiotic class to which
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ciprofloxacin belongs, are synthetic antibiotics acting on enzymes that
are essential for bacterial viability>®.

Ciprofloxacin is indicated for complicated and uncomplicated
infections caused by susceptible microorganisms. This antibiotic has
a broad spectrum of activity and is used to treat bacterial infections in
several anatomical sites, such as respiratory tract infections, otitis media,
sinusitis, eye infections, UTI and sepsis’®. When fluoroquinolones have
emerged there was a significant and transitory reduction of infections
caused by resistant bacteria. However, shortly after, concerns about
bacterial resistance also came to fluoroquinolones®®. A study conducted
in Brazil in 2012 showed 10% of E. coli and 19% of K. pneumoniae
resistant to ciprofloxacin isolated from urine samples'®. A more recent
study, also carried out in Brazil, has shown 35% of E. coli resistant to
ciprofloxacin, drawing attention to the significant increase in the rate of
resistance to this drug!’.

Bacterial resistance can occur by different mechanisms: alterations
of the cell permeability, changes in the site of action leading to loss of
susceptibility to the antibiotic mediated by the increment of the efflux
pump activity and by enzymatic degradation of the antibiotic'>'*.
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Regarding fluoroquinolones, its resistance depends essentially on
three factors: the ability to select resistant mutants; the ability to reach
concentrations that are able to avoid the resistance selection; and the
ability to act against mutant bacteria generated during previous treatments
with other fluoroquinolones!>®.

Due to an increasing therapeutic failure observed in empirical
treatment, it has become important to identify the pattern of susceptibility
and resistance of bacterial agents, through in vitro antimicrobial
susceptibility testing, which can guide the therapeutic approach'’.
Because of the growing resistance observed to ciprofloxacin and to its
indiscriminate use, it is important to understand the profile of resistance
to this drug in our population, so as to minimize the consequences to
the population. The aim of this study was to identify the main bacterial
species associated with community-acquired UTI and to assess the
pattern of ciprofloxacin susceptibility among bacteria isolated from
urine cultures of outpatients seen in the Santa Helena Laboratory, in
Camagari, Bahia, Brazil.

MATERIAL AND METHODS

This is a retrospective study conducted in all the patients with
community-acquired UTI seen in Santa Helena Laboratory, Camacari,
Bahia, Brazil during five years, from 2010 to 2014. All urine samples
received at the laboratory are routinely subjected to culture in blood
agar plates (BAP) and MacConkey agar (MAC) culture media by a 0.01
calibrated platinum loop. Bacterial colony counting was performed
24 hours after incubation at 37 °C. A Gram stain was performed when
bacterial growth was observed only in BAP, whereas when bacterial
growth was observed in both culture media, the identification of bacterial
species and the antibiogram were performed by using the MicroScan
WalkAway plus System (Siemens Healthcare, Puteaux, France).

The MicroScan system consists of plates impregnated with substances
used in the biochemical identification of bacterial species, as well as
antimicrobial agents in its respective dilution for the antimicrobial
susceptibility test.

The laboratory database, managed by the Smart Lab software
(Pixeon, Floriandplis, SC, Brazil), was queried in order to extract all
the individuals who had urine culture results with more than 100,000
colony-forming units per milliliter (CFU/mL), considered as positive
cultures. Moreover, since a large proportion of patients seen in clinical
laboratories initiate empirical antimicrobial therapy before they undergo
the microbiological examination of urine, we also included in this study
patients with urine culture results between 50,000 and 100,000 CFU/mL.
Another inclusion criterion was to have performed the susceptibility test
for ciprofloxacin in the isolated bacteria.

A total of 1,710 positive urine cultures examined between 2010 and
2014 were initially selected. Sixty-nine isolates were excluded due to
the following reasons: 1 isolate because of a possible contamination; 1
isolate due to the lack of antibiogram result; 3 isolates had no CFU/mL
information; 9 isolates had no further microbiological identification;
26 positive cultures were not from urine samples; and 29 isolates did
not have the susceptibility test for ciprofloxacin. Therefore, 1,641
results that met the inclusion criteria were enrolled in this study for
further analysis.
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The following information was collected from each participant in this
study: a) registration number; b) sample collection date; c) gender; d)
age; e) bacterial species isolated in the urine culture; and f) susceptibility
test results for ciprofloxacin and other antibiotics.

Collected data were analyzed by the SPSS (IBM Software, New
York, N.Y., USA) and GraphPad Prism (GraphPad Software, San Diego,
California, USA) software. The frequency of susceptibility to each of the
tested antibiotics over the five years of the study and also the frequency
of each etiological agent isolated were presented as percentage. The chi-
square test was used to compare proportions between two groups. Results
were considered statistically significant when the p-value was < 0.05.

Ethical considerations

This protocol was submitted and approved by the Research Ethics
Committee of the Gongalo Moniz Research Center, FIOCRUZ-BA
(CAAE: 42943715.5.0000.0040). This study fulfilled the ethical criteria
established by the resolution 466/2012 of the Brazilian National Council
of Health and was developed in accordance with the Declaration of
Helsinki of 1964 as amended in 2013.

RESULTS

Most of the 1,641 evaluated individuals were females (1,396; 85.1%)
and the median age was 33 years, ranging from zero to 95 years old.
The most frequent age was 30 years, representing 4.1% of the total.
About 45% of subjects included in this study were from Camacgari, a
municipality located approximately 50 km away from Salvador, the
capital of the Bahia State. The remaining individuals were from other
neighboring municipalities, with around 11% coming from Salvador,
the State capital, and more than 99% of the total evaluated individuals
coming from the Metropolitan Region of Salvador, a geographic region
involving 13 neighboring municipalities of the capital.

Fourteen bacterial genera were identified in the urine samples
analyzed during the period of the study, as follows: Acinetobacter,
Citrobacter, Enterobacter, Enterococcus, Hafnia, Morganella, Pantoea,
Proteus, Providencia, Pseudomonas, Serratia, Escherichia, Klebsiella
and Staphylococcus. The most frequently isolated species were
Escherichia coli (66.4%), followed by Klebsiella pneumoniae (9.6%)
and Staphylococcus saprophyticus (1.5%). Other species accounted for
22.5% of all the positive urine cultures (Fig. 1).
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Fig. 1 - Frequency of the bacterial species isolated from urine samples of individuals with
urinary tract infection evaluated from 2010 to 2014 (n = 1,641).
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All the bacterial species isolated from urine samples of patients
included in this study were evaluated regarding the susceptibility for 44
different antibiotics. However, only seven of the antimicrobial agents
were tested in more than 80% of the samples, which were considered for
further analysis (Fig. 2). Resistance to ampicillin was observed in 55.9%
of the isolated species, sulfamethoxazole+trimethoprim showed 33.6% of
bacterial resistance, ciprofloxacin 18.4%, levofloxacin 18.0%, gentamicin
6.3%, cefepime 3.7% and amikacin showed the lower frequency (1.3%)
of bacterial resistance (Fig. 2).
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Fig. 2 - Frequency of bacterial resistance for seven antibiotic tested in more than 80% of all
the positive urine samples of individuals with urinary tract infection evaluated from 2010
t0 2014 (n=1,513).

An increased bacterial resistance to ciprofloxacin has been shown
(18.4% of ciprofloxacin resistant bacteria), and this resistance was more
frequent in UTI of men (32.7%) than of women (15.9%; p < 0.001; Fig. 3).
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Fig. 3 - Frequency of ciprofloxacin resistance and susceptible bacteria isolated from urine

samples of males and females individuals with urinary tract infection (p < 0.001; n = 1,641).

Regarding the bacterial species resistant to ciprofloxacin, we observed
a higher frequency of ciprofloxacin resistant E. coli (22.4%), when
compared to K. pneumoniae (14.6%) or to the frequency of ciprofloxacin
resistance observed in other species (8.9%; p < 0.05; Fig. 4). Moreover,
we did not find a significant ciprofloxacin resistance in S. saprophyticus
isolated from urine samples in this study.

Figure 5 shows the progress of ciprofloxacin resistance for each
bacterial species isolated from urine samples of individuals with UTI
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Fig. 4 - Frequency of ciprofloxacin resistance of bacteria isolated from urine samples of
individuals with urinary tract infection evaluated from 2010 to 2014 (n = 1,641; *p < 0.05).

during the study (2010 to 2014). The overall ciprofloxacin resistance,
regardless of the bacterial species, remained constant over time, ranging
from 14% in 2010 to 17% in 2014 (p non-significant). When analyzing
each bacterial species alone, we observed that both K. pneumoniae and
S. saprophyticus kept a low and constant frequency of resistance to
ciprofloxacin (< 10.0%) over the years, below the overall ciprofloxacin
resistance rate. However, E. coli has shown the highest ciprofloxacin
resistance rate, which has increased over the years, ranging from 16%
in 2010 to 36% in 2014 (p < 0.001). Other bacterial species have shown
a high resistance rate in 2010 (33.0%), which has been significantly
reduced to 17% in 2014 (p < 0.01).
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Fig. 5 - Frequency of ciprofloxacin resistance of bacteria isolated from urine samples of
individuals with urinary tract infection evaluated from 2010 to 2014 (n = 1,641). *comparison
of the rate of ciprofloxacin resistance for “other bacterial species”, between 2010 and 2014
(p <0.01); **comparison of the rate of ciprofloxacin resistance for Escherichia coli between
2010 and 2014 (p < 0.01).

DISCUSSION

Due to the indiscriminate and inconsequent use of antibiotics,
followed by an increase in the bacterial resistance rates, this study aimed
to evaluate the pattern of antimicrobial susceptibility of bacteria isolated
from patients with community-acquired UTI seen at the Laboratério
Santa Helena in Camacari, Bahia, Brazil. Moreover, we identified the
major bacterial species associated with UTI and described the profile of
resistance to ciprofloxacin.

UTIs are more frequent in female patients and it has been shown
that most of UTIs are caused by microorganisms from the intestinal
microbiota. This may explain the highest frequency of UTIs observed
in women when compared to men, which is often attributed to a shorter
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urethra that facilitates colonization by these microorganisms's-.
Furthermore, another mechanism that could explain the lower frequency
of UTI in men would be the prostatic fluid, which has antibacterial
substances®.

The most frequent microorganisms in UTIs are gram-negative bacilli,
accounting for 90% of the reported cases, whereas gram-positive cocci
are responsible for only 6% of all UTIs*'. Several studies have shown that
Escherichia coli is the major bacterial species associated with UTIs, and
Klebsiella pneumoniae is the second most important bacteria in this type
of infection'”"**, Among the gram-positive cocci, studies conducted with
Brazilian patients have demonstrated that Staphylococcus saprophyticus
is the most common, corroborating our findings?. S. saprophyticus is a
coagulase-negative staphylococcus that has the ability to adhere to the
urogenital epithelium, being sexual intercourse a possible infection route
for this bacterial species®.

The early introduction of effective drugs against bacterial infections
in the last century has changed the medical behavior and has significantly
reduced the mortality rates due to these agents. However, the widespread
use of antibiotics has induced different mechanisms of bacteria resistance
to these drugs”. Bacterial resistance is naturally developed, being a
consequence of bacteria adaptation to the environment. The exposure
of microorganisms to different antibiotics increases the selective
pressure and favors the development of resistance®. The most frequently
prescribed antibiotics to treat UTIs are sulfamethoxazole+trimethoprim,
fluoroquinolones (ciprofloxacin or norfloxacin), 1** and 2™ generations
of cephalosporins, amoxicillin + clavulanate and nitrofurantoin®. The
knowledge on the regional pattern of bacterial resistance is critical
to guide the medical staff to choose an appropriate antibiotic for the
treatment of UTI patients®.

In this study, we have shown that bacteria isolated from UTIs patients
have a high rate of resistance to ampicillin, sulfamethoxazole+trimethoprim
and ciprofloxacin. This may be explained by the fact that more than 60%
of isolated bacteria were Enterobacteriaceae, which, in general and with
few exceptions, such as E. coli, exhibit intrinsic resistance to ampicillin®'.
The association Sulfamethoxazole+trimethoprim is considered the first-
line drug to treat acute cystitis, being the first antibiotic to be tested in
clinical trials conducted in the early 30’s. Ciprofloxacin, in turn, is widely
used due to its excellent activity against gram-negative bacteria, but the
abuse of this antibiotic including its prophylactic use, has induced a
progressive increase in antimicrobial resistance rates*. Bacterial resistance
to sulfamethoxazole+trimethoprim and ciprofloxacin associated with UTIs
is reaching critical levels in many parts of the world?>*.

We have shown that resistance to ciprofloxacin was more frequent
in males, although most of the participants included in this study were
female. Lately, more men than women are affected by severe and chronic
health conditions, and a higher mortality rate caused by the most frequent
causes of death has been observed. Despite the higher morbidity and
mortality rates observed in men, they attend health care services less
frequently than women. Moreover, other issues to be considered in men’s
health behavior are self-medication and/ or a greater likelihood of men
not to follow correctly the treatment, which, otherwise, contribute to
increase the bacterial resistance rates®.

Etiological agents of UTIs can variety widely depending on the
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geographical region analyzed. Therefore, it is important to monitor
the antimicrobial susceptibility profile so that we can look for further
therapeutic options that are specific for each region*. Considering that E.
coliand K. pneumoniae are often isolated from urine samples of patients
with UTI, the increased antimicrobial resistance observed for these
species has drawn attention worldwide. Moreover, quinolones, especially
ciprofloxacin, are frequently used in the prophylaxis and treatment of
UTIs. The prophylactic use of quinolones has a significant role in the
increasing emergence of bacteria resistant to these antimicrobials. In
Brazil, a high incidence of bacteria resistant to quinolones has been
associated with UTL In this study, a high rate (36%) of ciprofloxacin
resistant E. coli strains have been shown, representing almost twice the
rate observed in other studies in Brazil and other countries, ranging from
20 to 25% of resistance®*.

Bacteria associated with UTIs have shown a significant reduction
in the susceptibility to antimicrobials normally prescribed to treat these
patients. This phenomenon has been observed in several countries,
which progressively encourages the testing of antibiotic susceptibility
in all bacteria isolated from urine cultures'#'*2. The increase in bacterial
resistance rates may be due to the empirically medical prescription,
individual self-medication or a low adherence to treatment, inefficient
hospital infection control services and poor hygiene. Ciprofloxacin-
resistant bacterial infections have been mainly associated with
chromosomal mutations that alters DNA gyrase and topoisomerase
IV, upregulation of the expression of native efflux pumps, alteration
of the amount or porins types and transference of resistance genes
by plasmids®*. In this study, we were not able to detect the specific
resistance mechanisms but, instead, we observed no inhibition of bacterial
growth by the tested antibiotic concentration.

It is important to point out that the minimum susceptibility rate that
supports empirical treatment of UTI is 80% of all the strains of a specific
bacterium in a given region®. Considering that in this study we found
an overall ciprofloxacin resistance rate of nearly 20%, in addition to the
high rates of E. coli resistance to ciprofloxacin, a greater concern about
the empirical use of ciprofloxacin is required. Our data points out the
urgent need for awareness of antibiotics use and prescription, especially
in infections caused by E. coli. Supporting this statement, since 2008 it
has been observed a global spread, including in Brazil, of a new specific
clone of E. coli, the sequence type 131 (ST131)*4%. Currently, this is one
of the most frequent pathogenic E. coli lineage associated with extra-
intestinal infections, and almost all of the ST131 clones are resistant to
fluoroquinolones®-!, which could, at least in part, explain our findings.

In this study, we have shown a slight decrease in the frequency of
resistance to ciprofloxacin in the year 2014. This may be attributed to a
policy of the rational use of antimicrobials, which has started in 2011 in
Brazil. This policy limited the sale of antimicrobial agents and, from then
on, the sale of antibiotics by drugstores requires a medical prescription.

Bacterial resistance has become a public health issue and has
increasingly been associated with risk factors that put life in danger.
Awareness is needed of both the population and health professionals
about the importance for the correct use of antibiotics, and it is
mandatory to take into account the result of antibiotics susceptibility
tests. The ciprofloxacin use should be performed only after the microbial
susceptibility confirmation, and it is necessary to find other alternatives
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for the empirical treatment. The bacterial resistance prevention can be
performed through control measures that limit the spread of resistant
bacteria and the rational use of antimicrobial policy.
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