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Changes in antimicrobial resistance of Enterococcus spp. Over a few years.
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Introduction
Enterococci are commensal and Gram positive cocci. These 
bacteria can cause infection in immunocompromised, 
long-stay hospital patients undergoing invasive procedures 
or receiving broad spectrum antibiotics, or elderly patients 
with serious underlying disorders [1]. In the disease process, 
enterococci have been found to have left the colonization 
site and to have produced pathologic changes through 
toxic effects and inflammatory responses. Enterococci 
were initially the cause of community-acquired infections, 
and from the 1990s, enterococci have become a common 
cause of hospital infections [1,2]. The organism is among 
the hospital-acquired urinary tract infections, wound 
infections, and bacteremia [3]. E. faecalis is the most 
frequently isolated strain and is found in 80-90% of the 
isolates. E. faecium accounts for 5-10% of the isolated 
strains. These rates, however, can vary according to 
regions and hospitals [4]. Antibiotic susceptibility profiles 

of the enterococci strains pose a significant challenge in 
the treatment. Antimicrobial resistance can be structural or 
acquired. Acquired resistance occurs through gene mutation 
or transmission of mobile resistance mobile elements 
such as plasmids or transposons. Structural resistance 
in enterococci essentially occurs against two groups of 
antibiotics: betalactams and aminoglycoside antibiotics. 
Considering the low efficacy of these antimicrobial 
agents, aminoglycosides are combined with betalactam 
and glycopeptide antibiotics in the treatment of severe 
infections. However, this treatment regimen has become 
restricted by increasing ampicillin and aminoglycoside 
resistance [1,5].

The aim of the present study was to evaluate high 
aminoglycoside resistance in enterococcus isolates and the 
change in minimum inhibitor concentration (MIC) values of 
other antimicrobials over a four-year period, and finally to 
contribute to the rational antibiotic use policy in our hospital.

In this study, we aimed to review the resistance rates of high-level aminoglycosides compared 
to the resistance rates of other antimicrobials and review the trends in minimum inhibitory 
concentration (MIC) for 4 years in enterococci isolates. In the study, 2898 enterococci isolates from 
clinical specimens in the microbiology laboratory from 2008-2011 were evaluated retrospectively. 
The identification and antimicrobial susceptibility of the isolates were studied in Phoenix (BD, 
USA) automated system. MIC50 and MIC90 of the isolates were determined. The distribution 
of specimens were as follows; 60.6% urine, 18.8% blood, 11.7% wound, 5.7% sterile body fluids, 
and 3% catheter tips. The resistance rates were for ampicillin, vancomycin, teicoplanin, linezolid, 
high level gentamicin (HLG) and high level streptomycin (HLS) were determined as: 46%, 
14.4%, 15.1%, 1.3%, 44.7%, and 56.5% respectively. MIC50 of the linezolid was determined as 
2 µg/ml for four years and MIC90 was determined as 4 µg/ml for 2008, 2009, 2010 and 2 µg/ml 
for 2011. MIC50 of the ampicillin was determined as 4 µg/ml for 2008 and 2011 and 2µg/ml for 
2009 and 2011; MIC90 was determined as 16 µg/ml for four years. MIC50 value of vancomycin 
was not changed for four years and determined as 1 µg/ml; MIC90 was determined as 32 µg/ml 
for 2008, 2010, 2011 and 8 µg/ml for 2009. MIC50 value for teicoplanin was determined as 1 µg/
ml for four years; MIC90 was determined as 2 µg/ml for 20096 and 32 µg/ml for other years. In 
the MIC values of vancomycin significance decrease was seen in 2009 (p<0.001) but after this 
year a significant increase (p<0.001) was determined. In the MIC values of linezolid a significant 
increase was determined in 2009 and 2010. A significant decrease, however, was seen in 2011.
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Materials and Methods
Enterococci strains isolated from the specimens obtained 
from patients who were admitted various services and 
outpatient clinics between 2008 and 2011 were included 
in the study. The specimens were inoculated onto 5% 
sheep blood agar and eosin methylene blue (EMB) agar 
and incubated at 37°C for 24 hours. Colony morphology, 
gram staining pattern, catalase test and the L-pyrrolidonyl-
β-naphthylamide (PYR) test were used to identify 
the isolated strains. Automated BD Phoenix (Becton 
Dickinson Diagnostic Systems, Sparks, USA) was used 
to identify the strains and antibiotic susceptibility profiles 
of the identified enterococci spp. High-level gentamicin 
resistance (HLGR) and high-level streptomycin resistance 
(HLSR) were evaluated as susceptible or resistant according 
to CLSI; resistance to ampicillin, vancomycin, teicoplanin, 
and linezolid was determined by MIC values [6]. MIC50 
and MIC90 values of the strains were determined in three 
consecutive years. E. faecalis ATCC 29212 was used as a 
quality control strain in the laboratory. The significance 
of the increases and decreases in MIC values according to 
years was determined by the Wilcoxon test. The level of 
significance was established as p<0.05.

Results
E. faecalis was the most common strain among 2898 
enterococci isolates, and seven different enterococci 
strains were identified. The strains were mostly isolated 
from urine (60.6%) and blood (18.8%). The distribution of 

strains and the specimens from which they were isolated 
are presented in Table 1.

The rates of ampicillin, vancomycin, teicoplanin, linezolid, 
high-level gentamicin and high-level streptomycin 
susceptibility were determines as 54%, 84.8%, 84.5%, 
85.6%, 54.3%, and 43.4%. The distribution of MIC values 
and susceptibility rates are shown in Table 2. 

Ampicillin MIC values did not show significant changes 
in the first three years (p>0.05) but the significant increase 
in the MIC value in 2011 was a striking finding (p<0.001) 
(Figure 1). Vancomycin MIC values showed a significant 
decrease in 2009 (p<0.001) and a significant increase 
thereafter (p<0.001) (Figure 2). Teicoplanin MIC values 
showed a significant decrease until 2009 (p<0.0.01) and 
a significant increase thereafter (p<0.001) (Figure 3). 
Linezolid MIC values showed a significant increase in 
2009 and 2010, and significant decrease in subsequent 
years (p<0.001) (Figure 4). HLGR did not increase 
over the years, and HLSR showed a significant increase 
(p<0.005) (Figure 5).

Discussion
Enterococci are among the normal flora in the 
gastrointestinal tract. They mostly cause endogenous 
infections. In recent years, they have been increasingly 
reported as the causative agent of hospital-acquired 
infections [2]. Enterococci can cause urinary tract 
infections, endocarditis, bacteremia, wound infections 
and meningitis, and they mostly appear as urinary tract 

Strains Percentage (%) Urine Blood Wound Sterile body fluid Catheter tip
E. faecalis (n:1784) 61.5 1105 293 220 102 64
E. faecium (n:1037) 35.9 622 236 95 54 30
E. raffinosus (n:24) 0,8 8 2 10 4 -
E. hirrae (n:18) 0,6 9 5 3 1 -
E. durans (n:14) 0.5 7 4 2 1 -
E. avium (n:13) 0.4 4 2 4 3
E. casseliflavus/
gallinarum (n:8) 0.3 3 2 3 - -

Total (n:2898) 100 1758 
(60.6%) 544 (18.8%) 337 (11.7%) 165 (5.7%) 94 (3.2%)

Table 1. Specimens distribution of Enterococcus species.

Ampicillin     
n (%)

Vancomycin 
    n (%)

Teicoplanin 
     n (%)

Linezolid 
   n (%)

HLG* 
n (%)

HLS*
n (%)

S
R 1334 (46) 416 (14.4) 437 (15.1) 37 (1.3) 1298 (44.7) 1640 (56.5)
I 0 25 (0.8) 11 (0.4) 379 (13.1) - -
S 1564 (54) 2457 (84.8) 2450 (84.5) 2482 (85.6) 1600 (54.3) 1258 (43.4)

MIC

(µl/ml)

1 1449 2141 2416 459 - -
2 89 286 21 2023 - -
4 26 30 7 379 - -
8 1334 20 6 37 - -
16 0 5 11 - - -
32 0 416 437 - - -

S: Antimicrobial susceptibility, MIC: Minimum inhibitor concentration
*HLG: High Level Gentamicin; HLS: High Level Streptomicin

Table 2: Antimicrobial susceptibility and MIC distribution of Enterococcus species.
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Figure 1. Trends in MIC distribution of ampicillin by years.
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Figure 2. Trends in MIC distribution of vancomycin by years.
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Figure 3. Trends in MIC distribution of teicoplanin by years.
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Figure 4. Trends in MIC distribution of linezolid by years.

Figure 5. Trends in MIC distribution of HLG and HLS by years.



Changes in antimicrobial resistance of Enterococcus spp. Over a few years.

Biomed Res- India 2016  Volume 27 Issue 1
9

infections, wound infections, and bacteremia [7,8]. 
Enterococci show resistance to a significant proportion 
of the antibiotics that are effective against gram positive 
bacteria, which poses an important problem in the treatment 
of enterococcal infections [8]. Urinary tract infections 
and most wound infections caused by enterococci can be 
treated by a single drug regimen that involves ampicillin, 
penicillin G, or vancomycin [7]. The present study detected 
increases in ampicillin, vancomycin, and teicoplanin 
MIC values and streptomycin resistance in recent years. 
However, the combination of aminoglycosides with 
betalactam antibiotics or vancomycin is preferred in the 
treatment of severe life-threatening infections due to 
intrinsic and chromosomal resistance patterns [5]. It was 
a striking finding in the present study that ampicillin, 
vancomycin, and teicoplanin MIC values and streptomycin 
resistance rates increased in recent years. Linezolid has 
been also introduced into the practice in recent years, and 
it is also used in the treatment of infections caused by 
resistant gram positive bacteria particularly vancomycin-
resistant E. faecalis [9]. In a study conducted to evaluate 
antimicrobial susceptibility of enterococci isolates, Çınar 
et al. [10] reported 56% high-level gentamicin resistance 
and 46% high-level streptomycin resistance in hospital 
strains, and they did not report resistance to vancomycin, 
ampicillin, and teicoplanin. Another study reported 22%, 
20%, and 33% resistance rates for ampicillin, high-level 
gentamicin, and high-level streptomycin, respectively; 
they did not report resistance to vancomycin [11]. In their 
study, Kaçmaz et al. [12] reported 26%, 22%, and 36% 
resistance rates for ampicillin, high-level gentamicin, 
and high-level streptomycin, respectively; they did not 
report resistance to vancomycin and teicoplanin. Berzeg 
et al. [13] reported 34%, 34%, and 16% resistance 
rates for penicillin, high-level gentamicin, and high-
level streptomycin, respectively; four strains showed 
moderate resistance to vancomycin and they did not report 
resistance to teicoplanin. In their study in 2011, Aktepe 
et al. [9] reported 81.5%, 46%, and 44.5% resistance 
rates for ampicillin, high-level gentamicin, and high-level 
streptomycin, respectively; they did not report resistance 
to vancomycin and teicoplanin. Aral et al. [14] reported 
95%, 43%, 55%, 2.5%, 3%, and 4% resistance rates for 
ampicillin, high-level gentamicin, high-level streptomycin, 
linezolid, teicoplanin, and vancomycin, respectively.

The infections caused by E. faecalis were reported to 
be more common among other enterococcal infections. 
However, infections caused by E. faecium have shown an 
increase in recent years due to increase in vancomycin-
resistant enterococcal infections [7]. According to the 
results of the studies conducted in Turkey, E. faecalis 
accounts for 39-85.2%, and E. faecium accounts for 
9-61% of enterococcal infections [9,11-15]. E. faecalis is 
the most commonly isolated strain in the reported studies; 
however, E. faecium was the most commonly isolated 
strain in the study by Aral et al. [14]. In the present study, 

E. faecalis constituted 61.5% and E. faecium constituted 
35.9% of the isolated enterococci strains.

The studies conducted in other countries report varying 
resistance rates according to the regions. In an Indian 
study, Shah et al. [16] reported 40%, 53%, 68%, and 8% 
resistance rates for ampicillin, high-level gentamicin, 
high-level streptomycin, and vancomycin; they did not 
report resistance to teicoplanin. In a study by Misken and 
Deodhar [17] in 2002, 23%, 37%, and 34% resistance 
rates were reported for ampicillin, high-level gentamicin, 
and high-level streptomycin, respectively; they did not 
report resistance to vancomycin and teicoplanin. In a study 
from Iran, Farzaneh et al. [18] reported 57.7%, 69.2%, 
3.8%, and 3.8% resistance rates for ampicillin, high-level 
gentamicin, high-level streptomycin, vancomycin, and 
teicoplanin, respectively. In a study in 2007, Gupta et al. 
[19] reported 34%, 75%, 69%, 2.1%, and 2.1% resistance 
rates for ampicillin, high-level gentamicin, high-level 
streptomycin, vancomycin, and teicoplanin, respectively. 
In a European study that evaluated the susceptibility of 
the gram positive bacteria isolated from various centers, 
17.5%, 29%, 39%, 7%, and 5% resistance rates were 
reported for ampicillin, high-level gentamicin, high-level 
streptomycin, vancomycin, and teicoplanin, respectively 
[20]. In a multicenter study by Reinert et al. [21] no 
resistance was reported for penicillin and ampicillin in E. 
faecalis strains isolated in North America, and they reported 
1% and 5% resistance rates for linezolid and vancomycin, 
respectively. In the same area, 86.8%, 88.3%, 3%, and 
65.6% resistance rates were reported in E. faecium strains 
for penicillin, ampicillin, linezolid, and vancomycin, 
respectively. The present study revealed 46%, 14.4%, 
15.1%, 1.3%, 44.7%, and 56.5% resistance rates for 
ampicillin, vancomycin, teicoplanin, linezolid, high-level 
gentamicin, and high-level streptomycin, respectively. 
The study reported higher resistance rates for vancomycin 
and teicoplanin as compared to other studies in Turkey. 
This finding is considered to be caused by the frequent 
isolation of VRE strains from clinical samples obtained 
from patients who were referred from other centers to our 
hospital. Resistance rates for ampicillin, HLG, and HLS 
are comparable to those reported in other studies in our 
country. Linezolid resistance was also comparable to that 
reported in the literature.

Various resistance rates were found against antibiotics that 
are frequently employed in the treatment of enterococcal 
infections. It is a striking finding that this study revealed a 
high resistance rate for aminoglycosides, which are usually 
combined with betalactams and glycopeptides. Likewise, 
observed increases in vancomycin and teicoplanin 
resistance require close monitoring by local, as well as 
country-wide data.
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