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Background: The aim of this study was to determine the enterococci species and antimicrobial resistance rates of
enteroccus strains isolated from blood cultures of inpatients.

Method: One hundred five Enterococcus spp. strains isolates were identified by conventional methods and Vitek-
2 automated system. Antibiotic susceptibility tests were performed by disk-diffusion method and E-test.

Results: 54(51.4%) were identified as E.faecalis and 51(48.6%) as E. faecium. General Intensive Care Unit (GICU)
is the section where most frequently isolated species of both enterococci. Other clinics were Dialysis unit, and
Internal Medicine clinics. E.faecium strains were found to be resistant to ampicillin, erythromycin, and
ciprofloxacin. Resistance rates of E.faecalis strains against ampicillin, erythromycin, ciprofloxacin were 47%,
70.5%, and 11.8%, respectively. High-level resistance to gentamicin and streptomycin were determined in 55.6%,
83.3% of E.faecium strains and in 23.5%, 11.8% of E.faecalis strains, respectively (p<0.05). Two of E.faecium
strains and one of E.faecalis from GICU were found to be resistant to teicoplanin and vancomycin. Linezolid was
found most effective drug and resistance wasn’t determined in none of the strains.

Conclusion: Three vancomycin and teicoplanin resistant strains isolated from blood cultures in our hospital. This
result showed that the isolates mentioned above might cause significant problems in the future. In addition,
linezolid may be a good alternative for the treatment of the resistant enterococcal infections in our hospital.
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Introduction

Enterococci become one of the most common
nosocomial infection agents that have high mortality
rate in recent years. Cause of this situation could be
considered as resistance of enterococci to difficult
environmental conditions, cephalosporins, lincosamides,
trimethoprim-sulfamethoxazole (TMP-SXT), inherent low
level of resistance to aminoglycosides (1,2). However, all
these properties found always in enterococci, this increase
has not fully explained in recent years. The results of the
studies showed that real reason for this increase was

enterococcal colonization selectively and to become
the dominant flora in the gastrointestinal tract as a
result of frequent use of antibiotics as 3rd generation
cephalosporins, metronidazole, carbapenem, clindamycin
that were noneffective or restricted effect on enterococci
in the hospitals (3). Enterococci in hospitals can cause
infections such as such as urinary tract infections, skin
and soft tissue infections, bacteremia, peritonitis,
meningitis especially resulting from gastrointestinal flora
in immunocomprimized patients (4). It was indicated that
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enterococci were second most common cause of skin and
soft tissue infections and third most common cause of
bacteremia in the studies (5).

Increase in the resistance rate of Enterococci to
antibiotics and high mortality rate in bacteremia compared
to other clinical situations were shown by the studies
(1,6). Initiation of appropriate empiric treatment in
the bacteremic patients was stated that change prognosis
in the right direction (7,8). In bacteremia caused by
enterococci, determination of antibiotic susceptibility
for the initiation of the appropriate empirical treatment,
follow-up and analysis of the data is very important.

This study was performed to determine enterococcus
spp. strains patterns of antimicrobial resistance including
glycopeptides and linezolid.

Study Design

One hundred five Enterococcus strains isolated
from blood cultures sent from clinics at Osmaniye
State Hospital Microbiology Laboratory between January
2011-December 2013 were included in this study. The
study protocol was reviewed and approved by the
secretary general of the Osmaniye association of public
hospitals ethics committee. Blood culture were studied
with BACTEC 9240 (Becton Dickinson, Sparks, Md.,
USA) automated blood culture system. The isolates were
identified by conventional methods and VITEK-2 system
(BioMerieux, France). Antibiotic susceptibility tests were
performed by the Kirby-Bauer disk-diffusion method
according to the standards of Clinical and Laboratory
Standards Institute (9).

Intermediate susceptible strains were considered as
resistant. For high-level resistance to aminoglycoside,
gentamicin 120 mcg and 300 mcg of streptomycin discs
were used. High-level resistance to aminoglycoside
was also studied by the agar screening test. Minimum
inhibitory concentrations (MIC) were determined by
E-test (AB Biodisk, Sweden) for all isolates showing
decreased susceptibility to vancomycin and teicoplanin
by disk diffusion method. The test was quality controlled
by using E. fecalis ATCC 29212. Statistical Analysis was
performed using SPSS software. The chi-square test was
used to test the statistical differences.

Results

Enterococcus strains evaluated, and among of 105, 54
(51.4%) were identified as E. faecalis and 51 (48.6%) as
E. faecium. General Intensive Care Unit (GICU) is the
section where the most frequently isolated species of
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both enterococci. Other clinics were Dialysis unit and
Internal Medicine clinics (Table-1).

Table-1. Distribution of clinics and species of enterococci
isolated from blood cultures

Clinics E. faecium E. faecalis Total
(n:54) (n:51) (n:105)

Intensi

Care Ut 51 (%94.5) | 27 (%52.8) | 78 (%74.3)

Dialysis Unit - 15 (%29.5) 15 (%14.2)

Internal

Medicine Unit | 3 (%5.5) 9 (%17.7) 12 (%11.5)

All of E. faecium strains were found to be resistant
to ampicillin, erythromycin, ciprofloxacin. Resistance
rates of E. faecalis against ampicillin, erythromycin,
ciprofloxacin were as 47%, 70.5%, 11.8%, respectively.
High level resistance to gentamicin and streptomycin
were determined in 55.6%, 83.3% of E. faecium strains
and in 23.5%, 11.8% of E. faecalis strains (p<0.05).

Table-2. Susceptibility of E.faecalis and E.faecium to 9 antibiotics
E.faecium | E.faecalis Total

(n:54) (n:51) (n:105)
Antibiotics Rn | % | Rn| % | Rn | % p
Ampicillin 54 | 100 | 24 | 47 | 78 | 743| 0.015
Erythromycin | 54 | 100 | 36 |70.5| 90 ' 85.7 0.230
Tetracycline 45 | 83.3| 45 |88.2| 90 |85.7| 0.842
Gentamycinh 30 | 55.6| 12 |235| 42 40 0.0001
Ciprofloksasin | 54 | 100 | 6 |11.8| 60 |57.1| 0.026
Streptomycinh 45 1833 6 |11.8 51 ' 48.6| 0.0001

1

1

Signif.

19| 3 | 28| 0942
19| 3 28 0942

Linezolid - - - - - -

Rn: Number of isolates that are resistant to antibiotics. High level
Gentamycin and Streptomycin Chi-square test was used. p<0.05 was
considered as significant.

Resistance rate of both strains against tetracyclin
was similiar, but found to be higher in E.faecalis strains.
Both 2 of E. faecium strains and 1 of E. faecalis from
GICU were found to be resistant to teicoplanin and
vancomycin. MIC values of all the strains for vancomycin
was determined as >256 pg/mL, for teicoplanin was
determined as >64 ug/mL. Linezolid was found most
effective drug and resistance wasn’t determined in
none of the strains (Table-2).

Teicoplanin 2 3.7

Vancomycin 2 3.7

Discussion

Gram-negative bacteria were frequently isolated in
the 1970s, while after the 1990s gram-positive bacteria
has come to the forefront in bacteremia. Enterococci
found in normal flora are isolated from bacteremia at
an increasing rate. In studies from England in 2005,
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enterococci in bacteremic agents were isolated more than
8% compared to the previous year (3,10). Besides, being
naturally resistance of enterococci to many antibiotics,
gaining new resistance mechanisms and transferring it to
the new generation can be an indication of a more
important issue in the future. Enterococci are naturally
resistant to aminoglycosides (except for high level of
aminoglycosides), cephalosporins, clindamycin  and
trimethoprim/sulfamethoxazole. Beta-lactams has limited
clinical efficacy on enterococci due to the low affinity
PBPs. In addition, enterococci may acquire resistance to
high levels aminoglycosides, macrolides, streptogramin,
tetracycline, rifampin, chloramphenicol, fluoroquinolones
and glycopeptides (10).

Usually, enterococci that cause infections in patients
with impaired host defense lead to difficulty in the
treatment due to their ability to acquire resistance to very
large groups of antibiotics. Although enterococci are the
members of the gastrointestinal system flora, E. faecalis
are dominant than E. faecium. Therefore, E. faecalis
isolated more frequently as an infectious agent in clinical
samples. However, it is stated that isolation of E. faecium
is seen especially from the blood in enterococcal infection
in the recent years studies (1,11).

Recent studies were reported that 42-67% of enterococ
isolated from bacteremia was E. Faecium in our
country (1,2,11). In the study, E.faecium rate is 51.4%
that supports E. faecium more frequently isolated in
bacteremia.

It was reported antibiotic resistance with increasing
rates in enterococcus species and these rates varies
among species. Ampicillin that antibiotics can be
preferred in enterococcal infection resistance have
been reported in 39-93% and 4-52% as for E. faecium
isolates and E.faecalis studies in studies from Turkey,
respectively (1,2,11). In this study, ampicillin resistance
were determined in E. faecium isolates as 100%, for
E.faecalis isolates as 47%. Rate of ampicillin resistance in
E.faecium isolates were found higher than E.faecalis
isolates that was statistically significant.

Erythromycin was another most preferred antibiotic in
enterococcal infection. Due to resistance to erythromycin
that was one of the macrolide has similar resistance
mechanism with clindamycin and streptogramin B,
resistance in one of these antibiotics appear as resistance
to other antibiotics (12). Studies have shown that
erythromycin resistance was found higher in E. faecium
isolates than in E. faecalis isolates. Berktas et al(1),
detected erythromycin resistance in the isolates of E.
faecalis and E. faecium as 47% and 88%, Gozubuyuk et
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al(11) 56.3% and 80.3%, Turkdag: et al(2) detected in
79% and 99%. In this study, resistance rate was detected
70.5% in E. faecalis isolates, 100% in E. faecium isolates.
Our results were found to be compatible with literature.

Tetracycline resistance occurs with different genes as
tetL, tet M, tetN ve tetO in enterococci and with spreading
of these genes by conjugation (13). Tetracycline resistance
rate in enterococci strains isolated from various clinical
specimens in Turkey was found between 28-52% (14,15).
Gozubuyuk et al detected tetracycline resistance as 62.5%
in the E. faecalis strains isolated from blood cultures, and
22.9% of E. faecium strains (11). Tetracycline resistance
in our study, was 88.2% for E. faecalis, and 82.3% for E.
faecium. These results showed that high tetracycline
resistance for both types of enterococcus and should be
avoided from use of tetracycline for empirical treatment.

Quinolones in combination therapy with other
antibiotics for the treatment of enterococcus often
preferred (8,12). Meric et al(16) found ciprofloxacin
resistance rates for E. faecalis strains as 21% and as
78% for E. faecium strains, Berktas et al(1) found that
21% and 60%, Turkdagi et al (2) found that 61% and
85% respectively. In this study, 11.8% in E.faecalis
strains and 100% in E.faecium strains. Resistance rate of
ciprofloxacin in E. faecium strains were found statistically
significantly higher than E. faecalis. Too high cipro-
floxacin resistance in E. faecium strains was considered
worrisome on behalf of hospital. Quinolones was thought
to be appropriate in the treatment of enterococci infections
with determining quinolone antibiotic susceptibility
and identification of the species.

Enterococci are naturally resistant to low-level
aminoglycoside but high levels of aminoglycosides (HLA)
can be used in treatment.12 HLA resistance in Turkey
according to data of multicenter study were found to be
48.1% and this rate was reported to be the second highest
value in the European countries.17 Gales et al.18 found
high level gentamycin resistance (gentamycin) as 29% in
E. faecalis strains, 11% in E. faecium strains, a high level
streptomycin resistance (streptomisinh) as 25%, 77%
respectively. Meric et al(16) reported that resistance rate
of gentamycinh as 13% and 41%, streptomisinh as 22%,
67% in E.faecalis and E.faecium strains respectively. In
another study, gentamisinh resistance of E. faecalis
and E. faecium strains were detected as 14% and 52%,
streptomisinh resistance were found to be 11%, 62%,
respectively (19). Gentamisinh resistance in our study was
23.5% and 55.6%, streptomisinh resistance was 11.8% and
83.3% in E.faecalis and E.faecium strains respectively.
According to the results of our study, HLA in E. faecium
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strains were detected significantly higher than E.faecalis
strains and also HLA observed higher than from the other
studies in the literature.

Glycopeptides have been effectively used for a long
time due to emergence and gradually increase of entero-
cocci resistance to the beta-lactam antibiotics and amino
glycosides. For first time in 1987, reporting vancomycin
resistant enterococci (VRE) have been reported in France
and in the UK, this should be thought that VRE would be
cause serious problems in the future (9). In our country,
the first VRE were reported in 1998 (20). In multicenter
study SENTRY conducted in 2005, VRE rate was 0%
in France, Sweden and Switzerland, 66.7 % in the UK,
71.4% in lIreland. In this study, the resistance rate of
E.faecalis was 0%, while in E.faecium was 8.6%
in Turkey (1). In studies from Turkey in recent years,
vancomycin and teicoplanin resistance rate in E. faecium
strains as 0-24 %, while the rate of resistance in E. faecalis
strains have been reported in 0-5% (1,2,11). In our study
of vancomycin and teicoplanin resistance has been seen in
the same strains and detected in two (3.7%) E. faecium
and one (1.9%) in E. faecalis strains. All of the strains
isolated from GICU and E. faecium strains isolated at
the same time. This result was thought that transmission
of infection between the patients. In this case, more
attention should be paid to our hospital infection control
measures, the implementation of rapid and accurate
diagnostic methods to prevent possible outbreaks and
surveillance studies.

Linezolid is effective against gram-positive bacteria,
including VRE, MRSA, multidrug resistant staphylococci,
penicillin-resistant  Streptococcus pneumoniae (21,22).
Multicenter study conducted in United States, vancomycin
resistance was detected in 10% of E. faecalis, only a strain
was found intermediate susceptible to linezolid. The
vancomycin resistance was detected in 76.9%, linezolid
resistance was found to be 1.5% in E. faecium strains
in the same study (23). Linezolid resistance has been
reported in studies from Turkey between 0-4 % in both
species (1,2,11). In our study, linezolid resistance was not
observed in any strain. Monitoring antibiotic susceptibility
pattern of each center has an important role in the
infection control for early diagnosis and initiation of
appropriate empirical treatment in bacteremia that has
high mortality rate and caused by enterococci.

Made of E. faecalis-E.faecium species distinction will
be an important guiding empiric therapy due to
statistically significant differences between species in the
resistance rate to antibiotics, as in our study.
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Conclusion

Vancomycin was still found to be an effective agent
against both enterococci species, although more frequently
encountered every day with VRE infections. Isolation of
three VRE strains from blood cultures in our hospital
shows that infections related to enterocci could lead to
bigger problems in the future. In this study, it was
determined that linezolid was found to be effective against
all strains including VRE strains and to be a good
alternative in enterococcal infections. It was considered
that to follow susceptibility patterns of linezolid which
was one of the rare option in the treatment of VRE
infections and to limit unnecessary clinical use would be
more appropiate.
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