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Multiple drug-resistant enterococci are major cause of healthcare-associated
infections due to their antibiotic resistance traits. Among them, Enterococcus faecalis is
an important opportunistic pathogen causing various hospital-acquired infections.
A total of 53 E. faecalis isolates were obtained from various infections. They were
identified by phenotypic and genotypic methods. Determination of antimicrobial
resistance patterns was done according to CLSI guidelines. The isolates that were
non-susceptible to at least one agent in >3 antimicrobial categories were defined as
multidrug-resistant (MDR). Detection of antimicrobial resistance genes was performed
using standard procedures. According to MDR definition, all of the isolates were
MDR (100%). High-level gentamicin resistance was observed among 50.9% of them
(MIC > 500 pg/ml). The distributions of aac(6’)-le-aph(2"’')-Ia and aph(3’)-1lla genes
were 47.2% and 69.8%, respectively. The aph(2'’)-Ib, aph(2"')-Ic, aph(2’')-Id, and
ant(4')-la genes were not detected. Vancomycin resistance was found in 45.3% of
strains. The vanAd gene was detected in 37.7% of isolates, whereas vanB and vanC;
genes were not observed in any strain. Erythromycin resistance rate was 79.2% and
the frequencies of ermB and ermC genes were 88.6% and 69.8%, respectively. The
ermA and msrA4 genes were not present in any of the isolates. Our data indicate a high
rate of MDR E. faecalis strains. All of high-level gentamicin-resistant isolates carried at
least one of aac(6’)-le-aph(2’')-Ia or aph(3’)-Illa genes. Distribution of vand was
notable among the isolates. In addition, ermB and ermC were accountable for resistance
to erythromycin.
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Introduction

Multiple drug-resistant enterococci are the major cause of healthcare-
associated infections due to their virulence and antibiotic resistance traits
[1-4]. They are considered as critical agent for the dissemination of antimicrobial
resistance determinants to other bacteria through mobile genetic elements [2, 5].

High-level aminoglycoside resistance in enterococci is usually mediated
by aminoglycoside-modifying enzymes, including acetyltransferase, phospho-
transferase, and nucleotidyltransferase [6]. They catalyze the covalent modification
of amino and hydroxyl groups within the aminoglycosides [7]. High-level
gentamicin-resistant [HLGR; minimum inhibitory concentration (MIC) > 500 pg/ml]
enterococci harbor aac(6’)-le-aph(2’’)-la gene that encodes a bifunctional
aminoglycoside-modifying enzyme [AAC(6')-le-APH(2'’)-la]. This enzyme is
associated with resistance to all available aminoglycosides except streptomycin
[6, 7]. Moreover, three aminoglycoside resistance genes, such as aph(2'’)-1b,
aph(2'')-Ic, and aph(2’’)-1d, have been recognized among gentamicin-resistant
strains. The aph(3’)-Illa and ant(4’)-lIa genes also encode resistance to various
aminoglycosides [7, 8].

Vancomycin-resistant enterococci (VRE)-associated infections are
more severe than infections with vancomycin-susceptible enterococci [9].
Resistance to vancomycin is mediated by van gene clusters. VRE harbors the
transmissible vanA or vanB genetic elements that encode high-level resistance
to vancomycin [10, 11]. Low-level vancomycin resistance is also related to
vanC gene [12]. Prolonged hospitalization, prior exposure to antibiotics, and
use of foreign medical devices, such as catheters, are risk factors for VRE
acquisition [10, 13].

Due to general usage of macrolides, resistance to this family has increased
among enterococci [14]. Two major mechanisms including target modification by
the ribosomal methylase encoded by erm genes and efflux pump systems encoded
by msr and mefA/E genes mediate macrolide resistance [15]. The erm gene carried
by enterococci results in either inducible or constitutive resistance to all macrolides,
lincosamides, and streptogramin B. On the other hand, the msr4 gene confers
inducible resistance to streptogramin B and some macrolide antibiotics [16].

Among the enterococci, Enterococcus faecalis is an important opportu-
nistic pathogen causing various hospital-acquired infections [14, 17]. However,
since there is limited data regarding the molecular characteristics of multidrug-
resistant (MDR) E. faecalis isolates in hospitalized patients in Iran, this study
was designed to examine the prevalence of genes encoding antimicrobial
resistance among E. faecalis strains isolated from hospitalized patients in Shiraz,
south west of Iran.
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Materials and Methods
Bacterial isolates

A total of 53 E. faecalis isolates were obtained from infections in Nemazee
Hospital (the main hospital affiliated to Shiraz University of Medical Sciences) from
September 2015 to March 2016 according to definitions of nosocomial infections
[18]. They were obtained from the urinary tract infections (n = 40), respiratory tract
infections (pleural fluid and endotracheal tube; n=15), bloodstream infections
(n=4), abdominal infections (n = 2), eye infection (n = 1), and transjugular intra-
hepatic portosystemic shunt (n = 1). Only one isolate per patient was included. This
study was approved by the ethics committee of Shiraz University of Medical
Sciences (Register code: IR.SUMS.REC.1397.090). Enterococcal isolates were
identified according to conventional microbiological tests, such as Gram staining
(Gram positive), catalase reaction (catalase negative), growth on brain—heart infu-
sion (BHI) agar (Conda, Madrid, Spain) with 6.5% NaCl, and bile-esculin test
(positive) [19]. The ddIE gene was amplified by polymerase chain reaction (PCR)
using E. faecalis specific primers (ddIE. faecalis F-5'- ATCAAGTACAGT-
TAGTCT-3’ and R-5'-ACGATTCAAAGCTAACTG-3’) for molecular confirma-
tion [12]. The PCR procedure consisted of a pre-denaturation step at 95 °C for
5 min, followed by 30 cycles for 60 s at 95 °C, 45 s at 45 °C, and 50 s at 72 °C. A
final extension step was performed at 72 °C for 5 min.

Determination of MDR and HLGR isolates

Antimicrobial susceptibility tests were performed using disc diffusion
method on the Mueller—Hinton Agar (Merck Co., Germany) based on Clinical
and Laboratory Standards Institute (CLSI) guideline [20]. The tested antibiotics
(Mast Group Ltd., UK) were vancomycin (30 pg), teicoplanin (30 pg), erythro-
mycin (15 pg), penicillin (10 units), ampicillin (10 pg), ciprofloxacin (5 pg),
tetracycline (30 pg), fosfomycin (200 pg), nitrofurantoin (300 pg), rifampin (5 pg),
quinupristin—dalfopristin (15 pg), and linezolid (5 pg). High-level gentamicin
resistance was also determined by the broth microdilution method using BHI broth
(Conda) according to CLSI guideline [20]. Staphylococcus aureus ATCC 25923
and E. faecalis ATCC 29212 were used as the standard strains.

Multidrug resistance was determined according to definitions of MDR
bacteria [21]. MDR definition for Enterococcus spp. is the isolate that were
non-susceptible (including resistant or intermediate) to at least one agent in >3
antimicrobial categories [21].
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DNA extraction and detection of resistance genes

Genomic DNA was extracted from fresh grown colonies, as described
previously [22]. PCR was performed to detect the genes encoding resistance to
aminoglycoside, glycopeptide, and macrolide antibiotics [aac(6')-Ie-aph(2'')-1a,
aph")-1b, aph(2”)-Ic, aph(2”)-Id, aph(3’)-llla, ant(4’')-la, vanAd, vanB, vanC,,
ermA, ermB, ermC, and msrA] among strains [8, 12, 23]. The products
were separated by electrophoresis in 1% agarose gels with 1X Tris/acetate/EDTA
buffer, stained with safe stain load dye (CinnaGen Co., Iran) and visualized under
ultraviolet illumination.

Statistical analysis

The distribution of aminoglycoside resistance genes among HLGR and
non-HLGR isolates was calculated by x> and Fisher’s exact tests for each gene.
The prevalence of glycopeptide resistance genes among glycopeptide non-
susceptible and susceptible isolates was calculated by the aforementioned tests,
and the presence of macrolide resistance genes among macrolide non-susceptible
and susceptible isolates was also calculated. A p value of <0.05 was considered as
statistically significant.

Results

According to MDR definition, all of 53 E. faecalis strains were MDR
(100%). The antibiotic resistance patterns are shown in Table 1. High-level
gentamicin resistance (MIC > 500 pg/ml) was observed among 27 (50.9%) iso-
lates. The distributions of aac(6’)-le-aph(2’’)-Ia and aph(3’)-Illa genes were 25
(47.2%) and 37 (69.8%), respectively (Table I). The aph(2'')-1b, aph(2” )-Ic, aph
(2'"')-1d, and ant(4’)-1a resistance genes were not detected in any of the isolates.
The prevalence of aac(6’)-lIe-aph(2'’)-1a gene among HLGR isolates was more
than non-HLGR isolates, significantly (p =0.019). In addition, the aph(3’)-llla
gene was more frequent in HLGR in comparison to non-HLGR isolates with a
significant correlation (p < 0.001). The distribution of aminoglycoside resistance
genes among HLGR and non-HLGR isolates is shown in Table II.

Vancomycin resistance was found among 24 (45.3%) strains, whereas the
vanA gene was found in 20 (37.7%) isolates (Table I). All strains were negative for
vanB and vanC; genes amplification.

Resistance to erythromycin was detected in 42 (79.2%) of isolates, and the
frequencies of ermB and ermC genes were 47 (88.6%) and 37 (69.8%),
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Table 1. The distribution of resistance genes among MDR Enterococcus faecalis isolates

No. of MIC of GM
isolates Infections (N) Resistance patterns (pg/ml) Resistance genes
1 Urinary tract VAN, RIF, ERY, >2,048 vanA, ermB, aac(6')-le-aph
infection (40) TET, and QDA (2"')-1a, and aph(3')-1lla
2 RIF, ERY, TET, and 256 ermB, ermC, and aac(6')-
QDA le-aph(2")-la
3 RIF, ERY, TET, CIP, 128 ermB and aph(3')-Illa
and QDA
4 VAN, RIF, TET, and 1,024 vanA, ermB, ermC, and aph
QDA (3')-Illa
5 VAN, RIF, ERY, 2,048 vand, ermB, ermC, and aph
TET, QDA, and (3')-Illa
AMP
6 VAN, RIF, ERY, 1,024 ermB, ermC, and aph(3’)-1lla
TET, and QDA
7 TET and QDA 128 vanA, ermB, ermC, and aac
(6')-Ie-aph(2")-la
8 VAN, TET, and QDA 16 -
9 VAN, ERY, TET, >2,048 ermB, aac(6')-le-aph(2"')-1a,
CIP, QDA, TEC, and aph(3’')-1lla
and AMP
10 ERY, TET, CIP, and 128 ermB, ermC, and aac(6')-
QDA le-aph(2")-la
11 VAN, ERY, TET, >2,048 ermB, aac(6')-le-aph(2'')-1a,
CIP, and QDA and aph(3')-llla
12 VAN, RIF, ERY, 64 ermB and aph(3')-1lla
TET, CIP, and QDA
13 RIF, ERY, TET, and >2.048 ermB, ermC, aac(6')-le-aph
QDA (2")-1a, and aph(3’)-1lla
14 VAN, TET, QDA, and 2,048 vanA, ermB, ermC, and aph
AMP (3')-1lla
15 VAN, NIT, RIF, ERY, 256 vanA, ermB, ermC, aac(6')-
TET, CIP, PEN, le-aph(2")-1a, and aph(3’)-
QDA, TEC, and Ila
AMP
16 RIF, TET, and QDA 256 aac(6')-le-aph(2'')-1a, and aph
(3')-lla
17 RIF, ERY, TET, CIP, 128 vanA, ermB, and aph(3’)-1lla
PEN, and AMP
18 VAN, NIT, ERY, CIP, 512 ermB and aph(3')-Illa
PEN, and AMP
19 RIF, ERY, TET, CIP, >2,048 vanA, ermB, aac(6')-le-aph
PEN, and AMP (2")-1a, and aph(3’)-1lla
20 RIF and TET 16 ermB and ermC
21 ERY, TET, and QDA 16 ermB
22 VAN 512 vanA, ermC, and aac(6')-
le-aph(2"”')-la
23 ERY, TET, and QDA 32 ermB
24 RIF, ERY, TET, and 8 vanA, ermB, and ermC

QDA
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Table 1. (cont.)

No. of MIC of GM
isolates Infections (N) Resistance patterns (pg/ml) Resistance genes
25 ERY, TET, CIP, and >2,048 ermB, ermC, aac(6')-le-aph
QDA (2")-la, and aph(3’)-1lla
26 VAN, RIF, ERY, 512 vanA, ermB, ermC, and aph
TET, CIP, PEN, (3')-1lla
QDA, TEC, and
AMP
27 VAN, NIT, ERY, CIP, >2,048 ermB, ermC, aac(6')-le-aph
PEN, TEC, and (2")-la, and aph(3’)-1lla
AMP
28 VAN, RIF, ERY, 2,048 vanA, ermB, ermC, aac(6')-
TET, CIP, PEN, le-aph(2'')-1a, and aph(3’)-
QDA, and AMP Ila
29 TET and QDA 16 ermB and ermC
30 VAN, RIF, ERY, 512 ermB, ermC, and aph(3')-1lla
TET, CIP, PEN,
TEC, and AMP
31 ERY, TET, CIP, PEN, >2,048 ermB, ermC, aac(6')-le-aph
and AMP (2")-1a, and aph(3’)-1lla
32 NIT, RIF, ERY, TET, 2,048 ermB, ermC, aac(6')-le-aph
CIP, PEN, and AMP (2")-la, and aph(3’)-1lla
33 ERY, TET, CIP, and >2,048 vanA, ermB, ermC, and aac
QDA (6')-Ie-aph(2"')-la
34 ERY, TET, and QDA 256 ermB, ermC, and aph(3')-1lla
35 RIF, ERY, TET, and 256 ermB, ermC, and aph(3')-1lla
QDA
36 ERY, TET, CIP, PEN, 512 ermB, ermC, aac(6')-le-aph
and QDA (2"")-Ia, and aph(3’')-llla
37 ERY, TET, CIP, and 2,048 ermB, ermC, aac(6')-le-aph
QDA (2")-la, and aph(3’)-1lla
38 TET and QDA 4 ermC
39 VAN, RIF, ERY, 128 vanA, ermB, aac(6')-le-aph
TET, CIP, PEN, (2")-la, and aph(3’)-1lla
TEC, and AMP
40 TET, PEN, and QDA 32 -
41 Respiratory tract VAN, ERY, TET, and 128 vanA, ermB, aac(6’)-le-aph
infection (5) QDA (2")-1a, and aph(3’)-1lla
42 VAN, RIF, ERY, 512 vand, ermB, ermC, and aph
TET, CIP, PEN, (3')-1lla
TEC, and AMP
43 ERY, TET, and QDA >2,048 vanA, ermB, ermC, aac(6')-
le-aph(2")-1a, and aph(3')-Illa
44 ERY, TET, CIP, PEN, 128 vanAd, ermB, ermC, and aph
TEC, and AMP (3')-Illa
45 VAN, ERY, TET, 256 ermB and aph(3')-1lla
CIP, and QDA
46 Bloodstream ERY, TET, and QDA 256 ermB, ermC, aac(6')-le-aph

infection (4)

Acta Microbiologica et Immunologica Hungarica 66, 2019

(2")-Ia, and aph(3')-Illa



ANALYSIS OF DRUG-RESISTANT E. FAECALIS ISOLATES 209

Table I. (cont.)

No. of MIC of GM
isolates Infections (N) Resistance patterns (pg/ml) Resistance genes
47 NIT, ERY, TET, 16 ermC
QDA, and AMP
48 ERY, TET, CIP, PEN, 32 ermB and ermC
QDA, and AMP
49 VAN, RIF, ERY, 2,048 ermB, ermC, aac(6')-le-aph
TET, CIP, PEN, (2"")-Ia, and aph(3')-Illa
TEC, and AMP
50 Abdominal VAN, ERY, TET, and >2,048 vand, ermB, ermC, aac(6')-
infection (2) QDA le-aph(2"')-Ia, and aph(3')-1lla
51 VAN, ERY, TET, and 8 ermB and ermC
QDA
52 Eye infection (1) ERY, TET, and QDA 1,024 ermB, ermC, and aph(3’)-1lla
53 TIPS (1) VAN 1,024 vanA, ermB, ermC, and

aph(3')-Illa

Note: VAN: vancomycin; NIT: nitrofurantoin; RIF: rifampin; ERY: erythromycin; TET: tetracycline;
CIP: ciprofloxacin; PEN: penicillin; QDA: quinupristin—dalfopristin; TEC: teicoplanin; AMP: ampicillin;
GM: gentamicin; MIC: minimum inhibitory concentration; TIPS: transjugular intrahepatic portosystemic
shunt.

respectively (Table I). However, the ermA and msrA genes were not detected in
any of the isolates.

The distribution of resistance genes among non-susceptible and susceptible
isolates to related antibiotics is shown in Tables III and IV.

Discussion

E. faecalis is a common pathogen that can cause severe hospital-acquired
infections [17, 24]. In this study, all strains isolated from various infections were
MDR. Although this finding was more than any other studies in Iran [25-27], high
rates of multidrug resistance among E. faecalis strains were also reported from
other countries [15, 28].

Our results indicated that 50.9% of isolates were HLGR (MIC > 500 pg/ml).
In the several studies, high-level gentamicin resistance among E. faecalis isolates
was reported in 65%—96% of the strains [29-31].

In this study, the most prevalent aminoglycoside resistance gene among the
HLGR isolates was aph(3’)-1lla (92.6%), and the aac(6’)-le-aph(2'')-la gene was
found in 62.9% of them (Table II). It was contrary to previous studies that the aac
(6')-le-aph(2'')-la gene has been characterized as the main aminoglycoside
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Table I1. Distribution of aac(6’)-le-aph(2'')-1a and aph(3')-Illa genes among HLGR
and non-HLGR isolates

Resistance genes

aac(6')-le-aph(2"')-la aph(3')-Illa
Isolates (V) [N (%)] [N (%)]
HLGR (27) 17 (62.9) 25 (92.6)
Non-HLGR (26) 8 (30.7) 12 (46.1)
Total (53) 25 (47.2) 37 (69.8)

Note: HLGR: high-level gentamicin-resistant.

Table III. Distribution of vand gene among glycopeptide non-susceptible and
susceptible isolates

Isolates (V) vanA gene [N (%)]
Glycopeptide non-susceptible (43) 18 (41.8)
Glycopeptide susceptible (10) 2 (20.0)
Total (53) 20 (37.7)

Table IV. Distribution of ermB and ermC genes among macrolide non-susceptible
and susceptible isolates

Resistance genes

Isolates (V) ermB [N (%)] ermC [N (%)]
Macrolide non-susceptible (51) 46 (90.1) 35 (68.6)
Macrolide susceptible (2) 1 (50.0) 2 (100.0)
Total (53) 47 (88.6) 37 (69.8)

resistance gene [30-32]. In a study conducted in Tehran, north of Iran, the
aac(6')-le-aph(2’')-la and ant(4’')-la genes were detected in HLGR enterococci
[30]. It seems that aph(3’)-Illa gene is the predominant related gene in our region.
It is often carried on a conjugative plasmid among enterococci [33] and therefore
the isolates could acquire it by conjugation.

We found that all of the HLGR isolates carried at least one of aac(6’)-le-aph
(2"")-1a or aph(3’)-1lla genes (Table I). However, 30.7% and 46.1% of non-HLGR
isolates harbored aac(6’)-le-aph(2"')-la and aph(3’')-Illa genes, respectively
(Table II). This may be due to downregulation of genes expression.

All of the studied isolates were also negative for aph(2’’)-1b, aph(2"’)-Ic,
aph(2'')-1d, and ant(4')-la genes amplification. Absence of the aph(2”)-Ib,
aph(2'')-Ic, and aph(2'’)-I1d genes in E. faecalis strains was shown in several
studies [34—37]. They are minor contributors to gentamicin resistance among
Enterococcus strains [33].
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The aac(6')-le-aph(2’’)-la and aph(3’)-llla genes were present in
20 (37.7%) isolates, simultaneously (Table I). Co-existence of these genes among
isolates of E. faecalis has been previously reported from Iran [34]. Co-presence of
aac(6')-le-aph(2’')-la and aph(3’')-llla genes leads to failure in combination
therapy by most aminoglycosides (except for streptomycin) with cell wall-active
agents [6].

To the best of our knowledge, this was the first study to investigate regarding
glycopeptide and macrolide resistance genes among MDR E. faecalis strains in
Iran. In this study, more than 45% of the strains were VRE. Notable resistance to
vancomycin among E. faecalis strains was similar to several studies in the country
[38, 39]. Moreover, increasing VRE prevalence among hospitalized patients was
also reported previously from southwestern Iran [40]. In contrast to our results,
lower rates of VRE were reported in various studies [41-43].

We found that 37.7% of the isolates carried vand gene, whereas vanB and
vanC; genes were not detected in any of the strains. Similarly, previous researches
had indicated that the vanA gene was the only glycopeptide resistance determinant
found in E. faecalis isolates [2, 9, 44, 45]. According to these studies, vand gene
was the predominant glycopeptide resistance gene among E. faecalis strains.
Dissemination of resistance determinants to other bacteria such as S. aureus using
Inc18 plasmids of vancomycin-resistant E. faecalis strains is a serious risk of VRE
colonization in hospitals [13].

Statistically, there was no significant difference between the distribution of
vanA gene among glycopeptide non-susceptible and susceptible isolates; however,
it was more prevalent in non-susceptible strains (p > 0.05; Table I1I). Susceptibil-
ity to vancomycin among vanA-positive isolates is probably due to deficiency in
vanA operon. VanA protein alone cannot mediate resistance to vancomycin, and
the true functions of VanH and VanR proteins are also necessary [46]. On the other
hand, the vanA gene was not detected in some vancomycin-resistant isolates. This
resistance could be due to poor penetration of antibiotic into cells or VanE-type
vancomycin resistance. This type of vancomycin resistance (VanE-type) has been
described in E. faecalis strains, which are resistant to low levels of vancomycin
and susceptible to teicoplanin [46, 47].

The vanC genes are intrinsic property (chromosomally encoded) of
Enterococcus gallinarum, Enterococcus casseliflavus, and Enterococcus
flavescens [12]. This could explain absence of vanC; gene in our E. faecalis
isolates, despite the existence of reported cases in the literature [48, 49]. This
gene may have been transferred from above enterococcal species to E. faecalis
horizontally [48].

As shown in Table I, high incidence of ermB and ermC genes was
observed among analyzed strains, but the ermA gene was not found among
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them. The various distributions of erm genes were shown in previous studies
[5, 14, 15, 50, 51]. However, ermB gene is the most prevalent one among
enterococcal species and ermA gene is more commonly found in staphylococcal
strains [15, 51-56].

The ermB and ermC genes were more frequent in macrolide
non-susceptible in comparison to susceptible isolates without any significant
correlation (p > 0.05; Table IV). Suppression of gene expression may lead to
erythromycin susceptibility among isolates that harbor ermB or ermC genes.

In this study, the investigated gene encoding efflux pump (msrA4) was not
found. Non-existence of msrA gene in E. faecalis strains was shown in a previous
study [57]. It seems that presence and expression of erm genes in E. faecalis are
sufficient for macrolide resistance.

Since all of the isolates were MDR and almost half of them were HLGR and
VRE, infection control procedures are recommended to be performed in hospital.
Improving hand hygiene compliance of healthcare workers is probably the most
effective strategy for reducing the incidence of healthcare-associated infections.
Moreover, disinfection and sterilization of medical equipment is essential for
prevention and control of infection. Due to reduced biocide susceptibility in
enterococci [58], constant monitoring of disinfectant agents susceptibility can be
helpful to designate more effective agents.

In conclusion, we evaluated the E. faecalis strains isolated from various
infections, and all of the strains were MDR. More than half of the isolates
had MICs > 500 pg/ml for gentamicin (50.9%). The distributions of aac(6’)-
le-aph(2'')-la and aph(3')-1lla genes were 47.2% and 69.8%, respectively.
All of the studied isolates were also negative for aph(2’’)-1b, aph(2'')-Ic,
aph(2'"')-1d, and ant(4')-la genes amplification. All the HLGR isolates carried
at least one of aac(6’)-le-aph(2'')-Ia or aph(3’)-Illa genes. Resistance to
vancomycin was observed in more than 45% of the studied strains and
erythromycin resistance was 79.2%. The vanAd gene was found in 37.7% of
the isolates, and all of them were negative for vanB and vanC; genes
amplification. The frequencies of ermB and ermC genes were 88.6% and
69.8%, respectively. The ermA and msrA genes were not detected in any of the
strains.

Limitations
In this study, there were some limitations. First, small number of isolates

was investigated. Second, vanE gene detection among vand-negative isolates that
were resistant to vancomycin was required.

Acta Microbiologica et Immunologica Hungarica 66, 2019



ANALYSIS OF DRUG-RESISTANT E. FAECALIS ISOLATES 213

Acknowledgements

This study was supported by Shiraz University of Medical Sciences (grant
no. 96-15425). This manuscript was extracted from MSc thesis of AT under the
supervision of Prof. M. Motamedifar. The authors would like to thank Mr. Hossein
Argasi at the Research Consolation Centre (RCC) at Shiraz University of Medical
Sciences for his invaluable assistance in editing this manuscript.

Conflict of Interest

The authors declare no conflict of interest.

References

1. Zheng, B., Tomita, H., Inoue, T., Ike, Y.: Isolation of VanB-type Enterococcus faecalis
strains from nosocomial infections: First report of the isolation and identification of the
pheromone-responsive plasmids pMG2200, encoding VanB-type vancomycin resistance
and a Bac4l1-type bacteriocin, and pMG2201, encoding erythromycin resistance and
cytolysin (Hly/Bac). Antimicrob Agents Chemother 53, 735-747 (2009).

2. Guerrero-Ramos, E., Cordero, J., Molina-Gonzalez, D., Poeta, P., Igrejas, G.,
Alonso-Calleja, C., Capita, R.: Antimicrobial resistance and virulence genes in enterococci
from wild game meat in Spain. Food Microbiol 53, 156-164 (2016).

3. Laverde Gomez, J. A., Hendrickx, A. P., Willems, R. J., Top, J., Sava, L., Huebner, J., Witte,
W., Werner, G.: Intra- and interspecies genomic transfer of the Enterococcus faecalis
pathogenicity island. PLoS One 6, e16720 (2011).

4. Flokas, M. E., Karageorgos, S. A., Detsis, M., Alevizakos, M., Mylonakis, E.: Vancomycin-
resistant enterococci colonisation, risk factors and risk for infection among hospitalised
paediatric patients: A systematic review and meta-analysis. Int J Antimicrob Agents 49,
565-572 (2017).

5. Hidano, A., Yamamoto, T., Hayama, Y., Muroga, N., Kobayashi, S., Nishida, T., Tsutsui, T.:
Unraveling antimicrobial resistance genes and phenotype patterns among Enterococcus
faecalis isolated from retail chicken products in Japan. PLoS One 10, 0121189 (2015).

6. Chow, J. W.: Aminoglycoside resistance in enterococci. Clin Infect Dis 31, 586-589
(2000).

7. Arias, C. A., Murray, B. E.: The rise of the Enterococcus: Beyond vancomycin resistance.
Nat Rev Microbiol 10, 266-278 (2012).

8. Vakulenko, S. B., Donabedian, S. M., Voskresenskiy, A. M., Zervos, M. J., Lemer, S. A.,
Chow, J. W.: Multiplex PCR for detection of aminoglycoside resistance genes in entero-
cocci. Antimicrob Agents Chemother 47, 1423-1426 (2003).

9. Michael, K. E., No, D., Roberts, M. C.: VanA-positive multi-drug-resistant Enterococcus
spp. isolated from surfaces of a US hospital laundry facility. J] Hosp Infect 95, 218-223
(2017).

Acta Microbiologica et Immunologica Hungarica 66, 2019



214

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

TAJIL ET AL.

Gazin, M., Lammens, C., Goossens, H., Malhotra-Kumar, S.: Evaluation of GeneOhm
VanR and Xpert vanA/vanB molecular assays for the rapid detection of vancomycin-
resistant enterococci. Eur J Clin Microbiol Infect Dis 31, 273-276 (2012).

. Teo, J. W., Krishnan, P., Jureen, R., Lin, R. T.: Detection of an unusual van genotype in

a vancomycin-resistant Enterococcus faecium hospital isolate. J Clin Microbiol 49,
4297-4298 (2011).

Dutka-Malen, S., Evers, S., Courvalin, P.: Detection of glycopeptide resistance
genotypes and identification to the species level of clinically relevant enterococci by PCR.
J Clin Microbiol 33, 1434 (1995).

Reyes, K., Bardossy, A. C., Zervos, M.: Vancomycin-resistant enterococci:
Epidemiology, infection prevention, and control. Infect Dis Clin North Am 30,
953-965 (2016).

Zou, L. K., Wang, H. N., Zeng, B., Li, J. N, Li, X. T., Zhang, A. Y., Zhou, Y. S., Yang, X.,
Xu, C. W., Xia, Q. Q.: Erythromycin resistance and virulence genes in Enterococcus
faecalis from swine in China. New Microbiol 34, 73-80 (2011).

Abdelkareem, M. Z., Sayed, M., Hassuna, N. A., Mahmoud, M. S., Abdelwahab, S. F.:
Multi-drug-resistant Enterococcus faecalis among Egyptian patients with urinary tract
infection. J Chemother 29, 74-82 (2017).

Chouchani, C., El Salabi, A., Marrakchi, R., Ferchichi, L., Walsh, T. R.: First report of
mefA and msrA/msrB multidrug efflux pumps associated with blatgy.; p-lactamase in
Enterococcus faecalis. Int J Infect Dis 16, e104-109 (2012).

Woods, S. E., Lieberman, M. T., Lebreton, F., Trowel, E., de la Fuente-Nunez, C.,
Dzink-Fox, J., Gilmore, M. S., Fox, J. G.: Characterization of multi-drug resistant
Enterococcus faecalis isolated from cephalic recording chambers in research macaques
(Macaca spp.). PLoS One 12, 0169293 (2017).

Garner, J. S., Jarvis, W. R., Emori, T. G., Horan, T. C., Hughes, J. M.: CDC definitions for
nosocomial infections, 1988. Am J Infect Control 16, 128-140 (1988).

Honarm, H., Falah Ghavidel, M., Nikokar, 1., Rahbar Taromsari, M.: Evaluation of a PCR
assay to detect Enterococcus faecalis in blood and determine glycopeptides resistance
genes: vand and vanB. Iran J Med Sci 37, 194-199 (2012).

Clinical and Laboratory Standards Institute (CLSI): Performance standards for antimicro-
bial susceptibility testing; Twenty Six Informational Supplement. Clinical and Laboratory
Standards Institute (CLSI), Wayne, PA, 2016.

Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske, C. G.,
Harbarth, S., Hindler, J. F., Kahlmeter, G., Olsson-Liljequist, B., Paterson, D. L., Rice,
L. B, Stelling, J., Struelens, M. J., Vatopoulos, A., Weber, J. T., Monnet, D. L.: Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin Microbiol Infect 18,
268-281 (2012).

Tayebi, Z., Heidari, H., Kazemian, H., Ghafoori, S. M., Boroumandi, S., Houri, H.:
Comparison of quinolone and beta-lactam resistance among Escherichia coli strains
isolated from urinary tract infections. Infez Med 24, 326-330 (2016).

Martineau, F., Picard, F. J., Grenier, L., Roy, P. H., Ouellette, M., Bergeron, M. G.:
Multiplex PCR assays for the detection of clinically relevant antibiotic resistance genes in
staphylococci isolated from patients infected after cardiac surgery. The ESPRIT trial. J
Antimicrob Chemother 46, 527-534 (2000).

Acta Microbiologica et Immunologica Hungarica 66, 2019



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

ANALYSIS OF DRUG-RESISTANT E. FAECALIS ISOLATES 215

Singh, K. V., La Rosa, S. L., Somarajan, S. R., Roh, J. H., Murray, B. E.: The fibronectin-
binding protein EfbA contributes to pathogenesis and protects against infective endocarditis
caused by Enterococcus faecalis. Infect Inmun 83, 4487-4494 (2015).

Hasannejad Bibalan, M., Eshaghi, M., Sadeghi, J., Asadian, M., Narimani, T., Talebi, M.:
Clonal diversity in multi drug resistant (MDR) enterococci isolated from fecal normal flora.
Int J Mol Cell Med 4, 240-244 (2015).

Saifi, M., Pourshafie, M. R., Eshraghian, M. R., Soltan Dallal, M. M.: Anti-microbial
resistance of enterococci isolated from urinary tract infections in Iran. Iran Biomed J 12,
185-190 (2008).

Shokoohizadeh, L., Mobarez, A. M., Alebouyeh, M., Zali, M. R., Ranjbar, R.: Genotyping
of clinical and environmental multidrug resistant Enterococcus faecium strains. Indian J
Pathol Microbiol 60, 74-78 (2017).

Wang, Q. Y., Li, R. H., Shang, X. H.: Urinary tract infection caused by Enterococcus
isolates: Aetiology and antimicrobial resistance patterns. J] Chemother 27, 117-119 (2015).
Heidari, H., Emaneini, M., Dabiri, H., Jabalameli, F.: Virulence factors, antimicrobial
resistance pattern and molecular analysis of enterococcal strains isolated from burn patients.
Microb Pathog 90, 93-97 (2016).

Emaneini, M., Khoramian, B., Jabalameli, F., Beigverdi, R., Asadollahi, K., Taherikalani,
M., Lari, A. R.: Prevalence of high-level gentamicin-resistant Enterococcus faecalis and
Enterococcus faecium in an Iranian hospital. J Prev Med Hyg 57, E197-E200 (2016).
Khani, M., Fatollahzade, M., Pajavand, H., Bakhtiari, S., Abiri, R.: Increasing prevalence of
aminoglycoside-resistant Enterococcus faecalis isolates due to the aac(6')-aph(2’’) gene:
A therapeutic problem in Kermanshah, Iran. Jundishapur J Microbiol 9, 28923 (2016).
Choi, J. M., Woo, G. J.: Molecular characterization of high-level gentamicin-resistant
Enterococcus faecalis from chicken meat in Korea. Int J Food Microbiol 165, 1-6 (2013).
Hollenbeck, B. L., Rice, L. B.: Intrinsic and acquired resistance mechanisms in
Enterococcus. Virulence 3, 421-433 (2012).

Feizabadi, M. M., Maleknejad, P., Asgharzadeh, A., Asadi, S., Shokrzadeh, L., Sayadi, S.:
Prevalence of aminoglycoside-modifying enzymes genes among isolates of Enterococcus
faecalis and Enterococcus faecium in Iran. Microb Drug Resist 12, 265-268 (2006).
Shettigar, K., Bhat, D. V., Satyamoorthy, K., Murali, T. S.: Severity of drug resistance and
co-existence of Enterococcus faecalis in diabetic foot ulcer infections. Folia Microbiol
(Praha) 63, 115-122 (2018).

Padmasini, E., Padmaraj, R., Ramesh, S. S.: High level aminoglycoside resistance and
distribution of aminoglycoside resistant genes among clinical isolates of Enterococcus
species in Chennai, India. Sci World J 2014, 329157 (2014).

Leelaporn, A., Yodkamol, K., Waywa, D., Pattanachaiwit, S.: A novel structure of Tn4001-
truncated element, type V, in clinical enterococcal isolates and multiplex PCR for detecting
aminoglycoside resistance genes. Int J Antimicrob Agents 31, 250-254 (2008).

Armin, S., Fallah, F., Karimi, A., Rashidan, M., Shirdust, M., Azimi, L.: Genotyping,
antimicrobial resistance and virulence factor gene profiles of vancomycin resistance
Enterococcus faecalis isolated from blood culture. Microb Pathog 109, 300-304 (2017).
Raeisi, J., Saifi, M., Pourshafie, M. R., Habibi, M., Mohajerani, H. R., Akbari, N.,
Karam, M. R. A.: Rapid identification of vancomycin resistant Enterococcus faecalis
clinical isolates using a sugar fermentation method. J Clin Diagn Res 11, Dc14-Dcl7
(2017).

Acta Microbiologica et Immunologica Hungarica 66, 2019



216

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

TAJIL ET AL.

Karimzadeh, 1., Mirzaee, M., Sadeghimanesh, N., Sagheb, M. M.: Antimicrobial
resistance pattern of Gram-positive bacteria during three consecutive years at the
nephrology ward of a tertiary referral hospital in Shiraz, Southwest Iran. J Res Pharm
Pract 5, 238-247 (2016).

Bhatt, P., Patel, A., Sahni, A. K., Praharaj, A. K., Grover, N., Chaudhari, C. N., Das, N. K.,
Kulkarni, M.: Emergence of multidrug resistant enterococci at a tertiary care centre. Med J
Armed Forces India 71, 139-144 (2015).

Jia, W., Li, G., Wang, W.: Prevalence and antimicrobial resistance of Enterococcus
species: A hospital-based study in China. Int J Environ Res Public Health 11, 3424-3442
(2014).

Correia, S., Ponce, P., Jones-Dias, D., Canica, M., Igrejas, G., Poeta, P.: Vancomycin-
resistant enterococci among haemodialysis patients in Portugal: Prevalence and molecular
characterization of resistance, virulence and clonality. Enferm Infecc Microbiol Clin 32,
174-176 (2014).

Biendo, M., Adjide, C., Castelain, S., Belmekki, M., Rousseau, F., Slama, M., Ganry, O.,
Schmit, J. L., Eb, F.: Molecular characterization of glycopeptide-resistant enterococci from
hospitals of the picardy region (France). Int J Microbiol 2010, 150464 (2010).

Sabouni, F., Movahedi, Z., Mahmoudi, S., Pourakbari, B., Keshavarz Valian, S., Mamishi, S.:
High frequency of vancomycin resistant Enterococcus faecalis in children: An alarming
concern. J Prev Med Hyg 57, E201-E204 (2016).

Cetinkaya, Y., Falk, P., Mayhall, C. G.: Vancomycin-resistant enterococci. Clin Microbiol
Rev 13, 686—707 (2000).

Abadia Patino, L., Courvalin, P., Perichon, B.: vanE gene cluster of vancomycin-resistant
Enterococcus faecalis BM4405. ] Bacteriol 184, 6457-6464 (2002).

Moura, T. M., Cassenego, A. P., Campos, F. S., Ribeiro, A. M., Franco, A. C., d’Azevedo,
P. A., Frazzon, J., Frazzon, A. P.: Detection of vanC; gene transcription in vancomycin-
susceptible Enterococcus faecalis. Mem Inst Oswaldo Cruz 108, 453456 (2013).
Schwaiger, K., Bauer, J., Hormansdorfer, S., Molle, G., Preikschat, P., Kampf, P.,
Bauer-Unkauf, 1., Bischoff, M., Holzel, C.: Presence of the resistance genes vanCIl and
pbp5 in phenotypically vancomycin and ampicillin susceptible Enterococcus faecalis.
Microb Drug Resist 18, 434439 (2012).

Portillo, A., Ruiz-Larrea, F., Zarazaga, M., Alonso, A., Martinez, J. L., Torres, C.:
Macrolide resistance genes in Enterococcus spp. Antimicrob Agents Chemother 44,
967-971 (2000).

Veljovic, K., Popovic, N., Vidojevic, A. T., Tolinacki, M., Mihajlovic, S., Jovcic, B.,
Kojic, M.: Environmental waters as a source of antibiotic-resistant Enterococcus species in
Belgrade, Serbia. Environ Monit Assess 187, 599 (2015).

Min, Y. H., Yoon, E. J., Kwon, A. R., Shim, M. J., Choi, E. C.: Alterations in regulatory
regions of erm(B) genes from clinical isolates of enterococci resistant to telithromycin. Arch
Pharm Res 34, 2149-2154 (2011).

Reyes, J., Hidalgo, M., Diaz, L., Rincon, S., Moreno, J., Vanegas, N., Castaneda, E.,
Arias, C. A.: Characterization of macrolide resistance in Gram-positive cocci from
Colombian hospitals: A countrywide surveillance. Int J Infect Dis 11, 329-336 (2007).
De Leener, E., Martel, A., Decostere, A., Haesebrouck, F.: Distribution of the erm(B) gene,
tetracycline resistance genes, and Tn1545-like Transposons in macrolide- and lincosamide-
resistant enterococci from pigs and humans. Microb Drug Resist 10, 341-345 (2004).

Acta Microbiologica et Immunologica Hungarica 66, 2019



55.

56.

57.

58.

ANALYSIS OF DRUG-RESISTANT E. FAECALIS ISOLATES 217

Lina, G., Quaglia, A., Reverdy, M. E., Leclercq, R., Vandenesch, F., Etienne, J.:
Distribution of genes encoding resistance to macrolides, lincosamides, and streptogramins
among staphylococci. Antimicrob Agents Chemother 43, 1062—1066 (1999).

Schmitz, F. J., Sadurski, R., Kray, A., Boos, M., Geisel, R., Kohrer, K., Verhoef, J.,
Fluit, A. C.: Prevalence of macrolide-resistance genes in Staphylococcus aureus and
Enterococcus faecium isolates from 24 European university hospitals. J Antimicrob
Chemother 45, 891-894 (2000).

Sanchez Valenzuela, A., Lavilla Lerma, L., Benomar, N., Galvez, A., Perez Pulido, R.,
Abriouel, H.: Phenotypic and molecular antibiotic resistance profile of Enterococcus
faecalis and Enterococcus faecium isolated from different traditional fermented foods.
Foodborne Pathog Dis 10, 143-149 (2013).

Lavilla Lerma, L., Benomar, N., Valenzuela, A. S., Casado Munoz Mdel, C., Galvez, A.,
Abriouel, H.: Role of EfrAB efflux pump in biocide tolerance and antibiotic resistance of
Enterococcus faecalis and Enterococcus faecium isolated from traditional fermented foods
and the effect of EDTA as EfrAB inhibitor. Food Microbiol 44, 249-257 (2014).

Acta Microbiologica et Immunologica Hungarica 66, 2019



