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ABSTRACT

Background and Objectives: Enlerococcus faecalis is a major cause of baclerial
prostatitis, which can increase the risk of developing proslate cancer if mistreated or lefl
untreated. The aim of this study was lo evaluale resistance of E. faecalis sirains isolated from
patients with prostatitis fo three fluoroquinolones.

Methods: In this cross-sectional study, we collected urine specimen from 164
patients hospitalized in six hospitals in the Golestan Province, Iran. Biochemical and
bacteriological tests were carried out to identify E. faecalis strains. Pattern of resistance to
ciprofloxacin, levofloxacin and norfloxacin was studied using the agar disk diffusion method
(Kirby-Bauer method). The broth microdilution test was performed to determine minimum
inhibitory concentrations (MICs) of fluoroquinolones according to the CLSI M100-S25 (2015)
crileria.

Results: 0f 164 isolates, 39 (23.8%) were identified as L. faecalis. Frequency of
resistance to ciprofloxacin, norfloxacin and levofloxacin was 12.8%, 12.8% and 2.6%,
respectively. The MICy of ciproiloxacin against the isolates was 4 pg/ml, which was 4-fold
lower than that of norfloxacin (MICy=16p1g/ml) and 2-fold lower than that of levofloxacin
(MICp=8prg/ml). We found no significant difference between the isolates in terms of
resistant to the fluoroquinolones (P>0.01).

Conclusion: Our results show that E. faecalis is one of the most common causes of
bacterial prostatitis, and fluoroquinolones are still effective for trealing the infection despite
the reports of fluoroquinolones resistance in Iran. Moreover, levofloxacin may be a more
suitable and effective antibiotic than ciprofloxacin and noriloxacin for treatment of this
infection.
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INTRODUCTION

Enterococci are important causes of
nosocomial and community-acquired
infections (1). Hospital-acquired infections
prolong  hospitalization  period,  which
significantly increases health care costs (2).
Enterococcus faecalis and Enterococcus
faecium are the most common Enterococci that
cause human infections, such as urinary tract
infections (UTIs), ulcers and endocarditis (3,
4). E. faecalis is an anaerobic, gram-positive
and catalase-negative bacterium that can
ferment glucose without gas production. The
bacterium often resides in the urinary tract and
is regarded as the second most common
nosocomial pathogen (5). The intrinsic
resistance of Enterococci to antibiotics and
their ability to acquire resistance contribute to
the survival of these organisms in hospital
settings (6).
Bacterial prostatitis (BP) is caused by
localization of UTI-causing bacteria (e.g. E.
faecalis) (7). According to the World Health
Organization, the increased prevalence of
drug-resistant pathogens is an important global
health problem. Fluoroguinolones such as
ciprofloxacin and norfloxacin have been
effectively used for the treatment of various
bacterial infections including BP.
Levofloxacin is a new-generation
fluoroquinolone that is widely applied for
treatment of infections caused by gram-
positive, gram-negative, aerobic and anaerobic
microorganisms. All three antibacterial agents
are recommended as first-line treatments for
BP (8). In this study, we investigate frequency
of resistance to fluoroquinolones among E.
faecalis isolates from patients with BP.

MATERIALS AND METHODS

In this cross-sectional study, urine
specimens were taken from 164 patients
(average age: 57 9 years) with symptoms of
prostatitis who were admitted to six hospitals
in the Golestan Province, north of Iran, from
September 2015 to October 2017. The
symptoms included perineal pain, pelvic pain,
testicular pain and bladder symptoms such as
dysuria and frequent or urgent urination.
Before sampling, we made sure that patients
had not taken any antibiotics. About 5-10 ml
of midstream specimens of urine was
collected. The specimens were cultured on
blood agar (Merck, Germany) for colony
counting, and were then cultured in sodium
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azide broth and sodium azide agar (Sigma
Aldrich, USA). After incubation, the bacteria
were subjected to gram staining and catalase
test. Gram-positive, catalase-negative
Enterococci were further studied using
standard biochemical tests including L-
Pyrrolidonyl-beta-naphthylamide  hydrolysis
test, culture in tryptic soy broth (TSB)
containing 6.5% salt, and Esculin hydrolysis
test in the presence of bile and telluride 0.04%.
Antibiotic susceptibility testing was performed
by the agar disk diffusion (Kirby-Bauer)
method using ciprofloxacin (5 pg), norfloxacin
(10 pg) and levofloxacin (5 pg) disks
purchased from Mast Co., UK. In this test, a
bacterial suspension equal to 0.5 McFarland
standard was prepared and cultured in Mdiller-
Hinton agar (Merck, Germany). After placing
the antibiotic disks, plates were incubated for
16-18 h at 37 °C. Diameter of inhibition zone
around the disks was measured and recorded
in millimeters. The results were interpreted as
resistant, susceptible and intermediate based
on the CLSI M100-S25 (2015) criteria (9).

In order to determine minimum inhibitory
concentration (MIC) of the antibiotics, all
resistant strains were further investigated using
the broth microdilution test. Stock solutions of
ciprofloxacin (Sigma Aldrich, USA) in water
and norfloxacin and levofloxacin (Sigma
Aldrich, USA) in water with 0.1 mol/L NaOH
were prepared. Next, serial dilutions were
made and added to a 96-well microplate
containing  Miiller-Hinton  broth  (Merck,
Germany). Bacterial  suspensions  with
turbidity of 0.5 McFarland standard were
inoculated in the wells. The plate was
incubated at 37 °C for 16 to 20 h. Wells
containing the drug and broth were considered
as the negative control, while those containing
the broth and bacterial suspension were
considered as the positive control. Minimum
concentration of the antibiotic that inhibited
growth of 90% of isolates was regarded as the
MICg. The plates were placed in an ELISA
reader to confirm results of the optical
turbidity measurement. According to the
CLSI-M100-S25 standard (9), the strains with
MIC<1 pg/ml were identified as susceptible,
the ones with MIC=2 pg/ml as intermediate,
and the ones with MIC>4 pg/ml were
identified as resistant to ciprofloxacin; the
strains with MIC<2 pg/ml were identified as
susceptible, the ones with MIC=4 pug/ml as
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intermediate, and the ones with MIC>8 pg/ml
were identified as resistant to levofloxacin; the
strains with MIC<4 pg/ml were identified as
susceptible the ones with MIC=8 ug/ml as
intermediate, and the ones with MIC>16 pg/ml
were regarded as resistant to norfloxacin (9).
To determine the minimum bactericidal
concentration (MBC), 100 pl of the wells’
content with a concentration higher than the
MIC value and 100 pl of the positive control
were separately transferred onto Muller-
Hinton agar and incubated at 37 °C for 24 h. E.
faecalis ATCC29212 was used as the control

strain. Data were analyzed using the chi-
square test and one-way ANOVA in SPSS
software (version 18). A p-value of less than
0.01 was considered as statistically significant.

RESULTS

Of 164 isolates from patients with
symptoms of prostatitis, 39 (23.8%) were
identified as E. faecalis. According to the
results of the disk diffusion method, frequency
of resistance to ciprofloxacin, norfloxacin and
levofloxacin was 12.8%, 12.8% and 2.6%,
respectively (Figure 1).

Figure 1- Frequency distribution of drug resistance among £. faecalisisolates. R: resistant; I: intermediate; S: susceptible.
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The MICq of ciprofloxacin against the inhibited the growth of all isolates except
isolates was 4 pg/ml, which was 4-fold Those resistant to norfloxacin (32 pg/ml) and
lower than that of norfloxacin levofloxacin (16 pg/ml) (Table 1). As shown
(MICgp=16pg/ml) and 2-fold | ower in table 2, E. faecalis isolates did not differ
than that of levofloxacin significantly in terms of resistance to the

(MICgo=8ug/ml). Concentration of 8 pg/mi

fluoroquinolones.

Table 1- MIC and MBC values of fluoroquinolones against £. faecalis isolates

Strains MICs, (ng/ml) MICqy MBC (ng/ml) Concentrations Antibiotics
(ng/ml) range (ug/ml)
E. faecalls 2 4 8 16-0.03 Ciprofloxacin
E. faecalls 4 16 32 64-0.125 Norfloxacin
E. faecalis 4 8 16 32-0.06 Levofloxacin

Table 2- Combarison of arowth of £. faecalis strains under eaual concentrations of fluoroauinolones

Concentration Strains No Growth Growth Comparison
(8 pg/ml) (1.5x108 cfu/ml)
Number Percent Number Percent
Ciprofloxacin E. faecalis 39 100 0 0 X?=0
NS
Norfloxacin E. faecalis 35 89.7 4 10.3 X?=0
NS
Levofloxacin E. faecalis 36 92.3 3 7.7 X?=0
NS

NS: No significant difference in terms of drug resistance based on one-way ANOVA
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DISCUSSION

E. faecalis is a gram-positive,
commensal bacterium in the gastrointestinal
tract of humans that can cause UTI and BP in
hospitalized  patients (7).  Nosocomial
infections caused by E. faecalis and regular
use of antibiotics for preventing recurrence
have resulted in the emergence of resistant
strains, which complicates the treatment
process (10). A 4 to 12 weeks treatment with
fluoroquinolones including  ciprofloxacin,
levofloxacin and norfloxacin has been
recommended for eradication of bacteria and
treatment of BP (11, 12).
In present study, the frequency of E. faecalis
strains was 23.8% in patients with symptoms
of BP. In a previous study in Iran, of 339
Enterococcus strains isolated from patients in
the Labbafinejad and Shahid Chamran
hospitals, 273 (77.5%) were identified as E.
faecalis (13). In Hamedan (lran), the
frequency of E. faecalis was 62.5% (14). In
another survey, 92.3% of Enterococcus strains
were identified as E. faecalis (15). Researchers
detected E. faecalis in 79% of the samples
taken from patients, of which 29% were
ciprofloxacin resistant (16). The disparity
between the results could be attributed to
geographical factors and difference in health
standards and conditions of the patients. In the
present study, of 39 E. faecalis isolates, 12.8%
showed resistance to ciprofloxacin, which is
higher than the rates observed in previous
studied (7, 13). Norfloxacin and levofloxacin
are effective for treatment of BP caused by E.
faecalis, Escherichia coli and Proteus
mirabilis (12,17,18).
In a study in western Iran, the frequency of
resistance to ciprofloxacin and levofloxacin
was reported to be 68% in gram-negative
isolates (19), which is higher than the rate
observed in our study. Moreover, the
frequency of resistance of gram-negative
isolates to these two antibiotics in Canada and
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Syria was 79% and 68%, respectively (20, 21).
This disparity between the findings could be
related to the difference in bacteria strains,
sources of antibiotic  resistance and
geographical factors.

In this study, the frequency of ciprofloxacin-
and norfloxacin-resistant E. faecalis isolates
was identical and similar to results of Yumi
and Gilho (7).

In our study, 56.4% of the strains were
susceptible to levofloxacin, and only one strain
(2.6%) was levofloxacin resistant. This finding
suggests that levofloxacin may be a more
effective agent for treatment of BP caused by
E. faecalis.

CONCLUSION

Our results reveal that E. faecalis is one
of the most common causes of BP, and
fluoroquinolones are still effective for treating
the infection despite the reports of
fluoroquinolones resistance in Iran. Results of
the antibiotic susceptibility testing indicate
that levofloxacin may be a more suitable and
effective antibiotic than ciprofloxacin and
norfloxacin for treatment of BP.
It is recommended to conduct annual screening
programs for men, especially those over the
age of 50 years and with symptoms of
prostatitis, to help reduce prevalence of BP
and UTIL.
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