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Summary

Multidrug-resistant (MDR) enterococci are a growing
threat. The aim of this study was to determine the species
distribution and prevalence of multidrug resistance
among 100 enterococcal strains, isolated from patients
treated in the University Hospital in Pleven, Bulgaria.
Susceptibility to 11 antimicrobial agents was determined,
using the disc diffusion method according to the
performance standards of Clinical Laboratory Standards
Institute (CLSI), 2012. All isolates were screened for
high-level aminoglycoside resistance and resistance to
vancomycin according to the recommendations of CLSI,
2012. For strains with reduced susceptibility to
vancomycin, minimal inhibitory concentrations (MIC) of
glycopeptides were determined by Etest (Liofilchem,
Italy) and by Vitek 2 automated system. Our results
demonstrated decreased susceptibility of enterococci to
almost all intensively used anti-enterococcal drugs.
Resistance to both penicillins (ampicillin and penicillin)
among E.faecium strains was significantly higher (83-
87%) than among E.faecalis isolates (4-27%). HLGR was
detected in 70% of E.faecium and 38% of E.faecalis
isolates. All HLGR strains were found to be multiple-drug
resistant. Of particular note was the emergence of
concomitant resistance to 6 antimicrobials in almost 50%
of E.faecium isolates. Despite the wide dissemination of
MDR E.faecium strains penicillins in our hospital,
acquired resistance to vancomycin was not found.
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Introduction

Enterococci are resistant to a wide range of
antimicrobial agents. This feature allows them to
survive in hospital environment, where antibiotics
are used, and favours the dissemination of resistant
organisms [l, 2]. During the last few years, the
prevalence of multidrug-resistant enterococci has
been steadily increasing around the world, and
remarkable changes in the epidemiology of
enterococcal infections have been documented.
Increasing rates of vancomycin-resistant
enterococci (VRE) in several European countries
are due to an increasing prevalence of vancomycin-
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resistant E.faecium. Defined clonal groups of
E.faecium show an enhanced capacity to
disseminate in nosocomial setting and are thus
called epidemic or hospital-acquired [3, 4]. Such
strains are mostly ampicillin-resistant, partly
high-level ciprofloxacin-resistant, and possess
additional virulence traits [3-7]. Multiple-drug
resistance is attributable but not limited to
vancomycin-resistant enterococci [8]. Coloni-
zation and infection with MDR enterococci occur
worldwide. The literature suggests that spread of
ampicillin resistant, hospital-acquired E.faecium
strains is a pre-requisite for successful
establishment of VRE and further dissemination
of vancomycin resistance among the hospital
E.faecium population in general [3]. Despite the
increasing number of reports on VRE in many
countries, vancomycin resistance is very rare in
Bulgarian hospitals [9]. Only a few vancomycin-
resistant enterococcal strains have been reported
so far [10]. The present study was conducted to
achieve early detection of emerging resistance.

The aim of this study was to determine the
species distribution and prevalence of multidrug
resistance among 100 enterococcal strains,
isolated from patients treated in the University
Hospital in Pleven, Bulgaria.

Materials and Methods

Bacterial strains

A total of 100 enterococcal isolates were
investigated. The strains were isolated from
clinical specimens of patients admitted to the
University Hospital in Pleven between January
and April 2012. Duplicate isolates from the same
patient were excluded. Enterococcal strains were
collected from urine (66), wound specimens (24),
aspirates (5), blood (2) and other specimens (3).

Identification

Identification of enterococci to the species level
was based on series of conventional
physiological tests [11, 12] and Vitek 2 automa-
ted system (bioMerieux, France).

Antimicrobial susceptibility testing

Susceptibility to penicillin, ampicillin, gentami-
cin, ciprofloxacin, erythromycin, tetracycline,
nitrofutantoin, vancomycin, teicoplanin,
tigecycline (BBL, Becton Dickinson, USA) and
linezolid (Oxoid Itd, UK) was determined by the
disc diffusion method according to the
performance standards of Clinical Laboratory

Popova V., et al. Multidrug resistance among enterococci...

CLSI),2012[13].

Beta-lactamase production

All ampicillin resistant strains were tested for
beta-lactamase production with the chromogenic
nitrocefin disc test (BBL, Becton Dickinson,
USA).

Screening for high-level amino-
glycosideresistance

High-level aminoglycoside resistance was
determined by disc diffusion method using a disc
of 120 pg gentamicin.

Screening for vancomycin resistance
All isolates were screened for resistance to
vancomycin, using a screening agar containing
6ug/ml vancomycin, as recommended by CLSI
[13]. For strains with reduced susceptibility to
vancomycin, minimal inhibitory concentrations
(MIC) of glycopeptides were determined by E
test (Liofilchem, Italy), as well as by Vitek 2
automated system. Results were interpreted
according to the recommendations of CLSI[13].

Multidrug resistance
Multidrug resistance was defined as resistance to
three or more classes of antimicrobial agents.

Results

Out of 100 enterococcal isolates, 73 were
identified as E.faecalis and 23 — as E.faecium.
The remaining enterococcus species were
presented by E.gallinarum (3%) and E.raffinosus
(1%).

The antimicrobial resistance patterns of
isolated enterococci are shown in Table 1.
Resistance to penicillin and ampicillin was found
in 40% and 21% of all tested isolates,
respectively. Resistance to both penicillins
among E.faecium strains was significantly higher
(83-87%) than among E.faecalis isolates (4-
27%). None of isolates produced beta-lactamase.

HLGR was detected in almost half (44%) of
the isolates. E.faecium showed higher resistance
rate (70%) than E.faecalis (38%). All HLGR
strains were found to be multiple-drug resistant.
Out of 44 high-level gentamicin resistant strains,
35 (79.55%) and 18 (40.91%), were resistant to
penicillin and ampicillin, respectively and more
than 90% (93.18%) showed concomitant
resistance to ciprofloxacin and erythromycin.

Comparative data about antimicrobial
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Table 1. Resistance to antimicrobial agents among clinical enterococcal isolates

Number (%) of resistant strains

Antimicrobial agents

E. faecalis E. faecium Other enterococci Total

n=73 n=23 n=4 (n=100)
Penicillin 20 (27.40%) 20 (86.96%) 0 40 (40%)
Ampicillin 3 (4.11%) 19 (82.61%) 0 21 (21%)
Gentamicin (HLR) 28 (38.36%) 16 (69.57%) 0 44 (44%)
Ciprofloxacin 36 (49.32%) 21 (91.30%) 1 58 (58%)
Erythromycin 61 (83.56%) 22 (95.65%) 2 85 (85%)
Tetracyclin 64 (87.67%) 3 (13.04%) 2 69 (69%)
Vancomycin 0 0 3* 3* (3%)
Teicoplanin 0 0 0 0
Linezolid 0 0 0 0
Tigecyclin 0 0 0 0
Nitrofurantion 0 14 (60.87%) 0 14 (14%)

* Strains with reduced susceptibility to vancomycin
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Figure 1. Resistance to antimicrobial agents among HLGR E. faecalis and E.faesium strains

resistance of HLGR E.faecium and E.faecalis
strains are shown in Figure 1. The HLGR
E.faecium strains demonstrated higher resistance
rates to penicillin, ampicillin and nitrofurantoin
than E.faecalis (p<0.01). Both species showed
similarly high resistance rates (p>0.05) to
ciprofloxacin and erythromycin (89% and 100%,
respectively). All HLGR E.faecalis isolates were
resistant to tetracycline, but they were fully
susceptible to nitrofurantoin.

MDR was established in 78% of E.faecium
and 37% of E.faecalis strains. The concomitant
resistance to 6 antimicrobials was found in
almost 50% of E.faecium isolates.

Three isolates were considered to be putative
vancomycin-resistant enterococci, upon their
growth on the screening medium with 6 pg/ml of
vancomycin. Testing the susceptibility to
glicopeptydes revealed that all three strains had
intermediate vancomycin MIC, (6-8 pg/ml), and
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were susceptible to teicoplanin (MIC, of 0.5
png/ml). All strains with reduced susceptibility to
vancomycin were identified as E.gallinarum.
Therefore, acquired vancomycin resistance was
not detected. All enterococcal isolates were
susceptible to teicoplanin, linezolid and

Discussion

Enterococci are important nosocomial pathogens
and their growing resistance to most of the
clinically relevant antibiotics makes them a
major threat. The results of this study
demonstrate decreased susceptibility of
enterococci to almost all intensively used
antimicrobial agents. Our data confirmed
significant differences between the antimicrobial
resistance patterns of enterococcal species. Only
glycopeptides, linesolid and tigecycline were
highly effective against both species of
enterococci. Ampicillin and nitrofurantoin
showed good activity only against E.faecalis,
while tetracycline was effective against E.
faecium strains.

Penicillin and ampicillin are first-line
therapeutic agents for treatment of enterococcal
infections. According to reports from different
parts of Europe, ampicillin resistance among
E.faecalis varies between 0 and 17% [14-16].
Similar low rate of resistance (4%) was
established in our institution. In contrast,
resistance of E.faecium to ampicillin has
increased significantly during the last years, due
to the wide dissemination of ampicillin-resistant
strains that belong to the polyclonal subcluster
CC,, [17]. According to the Tigecycline
Evaluation and Surveillance Trial [ 18] performed
in the major European countries between 2004
and 2009, the resistance to ampicillin among
E.faecium ranged from 72.9% (France) to 93.3%
(Germany). Our data confirmed this trend. In the
present study, more than 80% of E.faecium
strains were resistant to penicillin and ampicillin.
Interestingly, all ampicillin resistant strains
demonstrated concomitant resistance to
ciprofloxacin. This is in agreement with a
Swedish colonization study, conducted by Torell
et al. [19], who showed that 91% of ampicillin
resistant strains were concomitantly resistant to
ciprofloxacin. They demonstrated that ampicillin
resistant enterococci carriage rates correlated
with the use of fluoroquinolones. In our study, an
increased resistance of Enterococcus spp. to
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ciprofloxacin, particularly E.faecium (91%) was
found. This high-level resistance could be
associated with the excessive and uncontrolled
use of fluoroquinolones in our country. Another
possible explanation might be an exceptional
capacity for epidemic spread of certain clones
with this resistance pattern [20]. It is known that
acquired ampicillin and high-level ciprofloxacin
resistance appear as good phenotypic markers of
hospital-acquired E.faecium strains [3, 4,21, 22].

A growing resistance of enterococci to
aminoglycosides is observed worldwide. In a
study performed in 27 European countries during
1999 [23], HLGR in E.faecium was as frequent as
in E.faecalis (23% and 20%, respectively). On
the contrary, such resistance was not detected
among E.faecium strains, isolated in eight
Swedish hospitals [24]. In contrast to previously
reported results by Sredkova [25], present data
indicate that HLGR among E.faecium isolates
(70%) is higher than in E.faecalis (38%). This
fact is due to the wide dissemination of E. faecium
strains in our hospital. According to the data of
EARS [17] HLGR in E.faecalis seems stable in
Europe but at relatively high levels (between
25% and 50%). Our resistance rate in respect to
E.faecium was close to that reported in Thailand
[26] and Turkey [27], (76% and 88%,
respectively) but higher than in Saudi Arabia [28]
where only 18.5% of strains were resistant. This
high-level resistance to aminoglycosides,
observed in both species in our study is a real
problem because it could nullify the synergistic
effect of combined therapy with cell-wall active
agents, recommended for the treatment of serious
enterococcal infections. Moreover, these strains
were also resistant to other antibiotics, and this
resistance additionally limits therapeutic
options.

Significant correlation between enterococcal
species and resistance to tetracycline and
nitrofurantoin was observed in our study.
Surprisingly, we found that approximately 90 %
of E.faecalis strains were resistant to
tetracycline, as compared to only 13% of
E.faecium. Similar results have previously been
observed in enterococci isolated from food [29].
However, Quinones [30] has established high
resistance rates (78-90%) in both species. It has
generally been reported that resistance to
nitrofurantoin is low [30, 31]. Susceptibility to
Nitrofurantoin was found to be 100% for the
.E.faecalis strains tested in this study, and 39%
for E.faecium. These results are in concordance
with findings of other studies [27].
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In the present study, both FE.faecalis and
E.faecium showed multiple-drug resistance to
commonly used anti-enterococcal drugs.
E.faecium was found more resistant, as compared
to E.faecalis. Of particular note was the
emergence of concomitant resistance to 6
antimicrobials in almost 50% of the E.faecium
isolates. The data presented in this paper indicate
an increase of prevalence of multidrug-resistant
E. faecium in our hospital. The experience from
countries with high prevalence of VRE shows
that an increase in VRE rates occurs several years
after establishment of (vancomycin-susceptible)
hospital-acquired FE.faecium clonal types in
hospital environment [3, 4, 21]. Although the
circulation of such strains observed in our
hospital, acquired resistance to vancomycin has
not been established yet. This finding reflects the
diverse situation regarding the VRE in Europe
with prevalence ranging from <1% to >40% [3].
It is well known that many factors (antibiotic
consumption, colonization pressure and
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