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Abstract
Background: The role of the hospital environment as a source of pathogenic bacteria in recent studies has been poorly
investigated. This study investigated the distribution of antimicrobial resistance genes and virulence determinants in
Enterococcus species isolated from hospital environment in Sari, Iran.

Method: Overall, 90 enterococci strains were obtained from high touch surfaces of four hospitals in Sari, Iran. These
environmental samples were obtained from bathroom, beds, tables, doorknobs, room keys, wheelchair and walls in the
patient and staff’s rooms. The resistance pro�le of the isolates was determined by disk diffusion method. Seven
resistance genes and two virulence associated genes were evaluated molecularly by multiplex PCR.

Results: According to the PCR, 42 (46.66%) of them were E. faecalis and 48 (53.33%) others were detected as E. faecium.
Also, 28 (66.6%) E. faecalis and 18 (37.5%) E. faecium isolates were multidrug-resistant (MDR). Among all 90
environmental isolates 54 (60%), 54 (60%), 8 (8.8%), 8 (8.8%), 60 (66.6%), 26 (28.8%), and 24 (26.6%) isolates contained
tetM, tetL, vanA, vanB, ermB, aac(6´)-Ie-aph(2´´)-Ia, and aph (3´)-IIIa, respectively. Moreover, all isolates were investigated
for the presence of virulence genes and 88 (97.7%) of isolates had esp gene, and 16 (17.7%) had ace.

Conclusions: This report showed that the environmental isolates of Enterococcus are the major sources of antibiotic
resistance genes that can transfer them to the clinical isolates of bacteria in hospital settings. An effective following
strategy should be organized to clearance and stop emergence of these pathogenic bacteria.

Background
Enterococci are one of the most important opportunistic Gram-positive bacteria that have appeared as eminent
pathogens causing a variety of clinical infections [1]. These organisms are human and animal intestinal normal-�ora and
they are even widely found in the environments [2]. Due to the capability to survive in unfavorable environmental
conditions, enterococci have beheld a gradual enhancement in the emergence of nosocomial infections from different
geographical regions, including many developing countries [3, 4]. Among all species of this genus, Enterococcus faecium
shows an extensive range of antibiotic resistance, and Enterococcus faecalis is the most commonly carrying virulence
factors and implicated in nosocomial infections [5]. These gram-positive bacteria can transfer the resistance genes to
any type of bacteria. These gene-exchanges maybe happen in humans through the ingestion of bacterial contaminated
foods, bacterial normal-�ora in human reservoirs or the environmental bacteria [6, 7]. Due to inherently and acquired
resistance to antimicrobials, treatment of the enterococcal infections is a major concern worldwide [8]. The acquisition of
antibiotic resistance along with the ability of bio�lm formation and the expression of various virulence factors by
Enterococci have become them as the major nosocomial pathogens [9, 10]. Now, one of the most important phenotypes
in the clinical and environmental isolates of enterococci is glycopeptide resistance which can be distinguished based on
the level of resistance to vancomycin and teicoplanin, including VanA and VanB phenotypes [11]. Eight types of
vancomycin resistance phenotypes are known in enterococci [12]. High-level aminoglycoside resistance phenotype
caused by the production of aminoglycoside modifying enzymes in enterococci is generally interceded causing the
elimination of the synergistic bactericidal effect of an anti-cell-wall-active agent and an aminoglycoside combination
[13]. On the other hand, the emergence of a high level gentamicin resistance (HLGR) phenotype in enterococci is
associated with the acquisition of the genes aac(6´)-Ie-aph(2´´)-Ia and aph (3´)-IIIa, causing resistance to all useful
clinical aminoglycosides, which can be presented on the plasmids or chromosome of the bacteria [3]. Tetracycline
resistance is one of the most common resistance phenotypes in enterococci which among all genes encoding this
phenotype, the tetL and tetM presence is the most prevalent [14]. The erythromycin ribosome methylation (erm) genes
encode methyltransferases that target special residues in 23S rRNA, from which the ermB gene, carrying by the
conjugative transposon (Tn917), is the most prevalent ones in streptococci and enterococci [12, 15]. Along with
resistance genes, virulence factors have been identi�ed in enterococci involved in various stages of the infection [16]. The
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enterococcus surface protein (ESP) is one of the most important virulence factors encoded by the esp gene in E. faecalis
and E. faecium [17]. This protein mediates the bio�lm formation by the enterococci that increases the bacterial survival in
biopolymers and the emergence of the antimicrobial resistance [18]. One of the most important adhesion factors of
enterococci is Ace protein (Adhesin to collagen of E. faecalis), found frequently in E. faecalis isolates [16]. Previous
studies have focused on assessment of resistance genes and virulence factors of enterococci obtained clinical isolates.
However, there is limited information about the role of the hospital environment as a source of pathogenic bacteria in our
region. Our study aimed to assess the antimicrobial resistance and virulence genes in Enterococcus spp. isolated from
hospital environment in Sari, north of Iran.

Methods
Sampling, Isolation, and Identi�cation

The hospital environmental isolates of enterococci were collected during September 2018 to February 2018 from four
main teaching and treatment hospitals (Buali Sina (a pediatric hospital), Imam Khomeini (an infectious disease center),
Fatemeh Zahra (a heart diseases center), and Zare (a burn center)) in Sari, north of Iran. The isolates were collected from
the bathroom, beds, tables, doorknobs, room keys, wheelchair and walls in the patient and staff’s rooms. To sampling
from the surfaces, we �rst rolled a cotton swab that was dipped in trypticase soy broth (TSB) (Merck, Germany) on the
surfaces. The collected samples were cultured in TSB and incubated at 37˚C for 24 hours. Then, the bacteria grown in
TSB were inoculated onto Slanetz and Bartley agar (m-Enterococcus agar) (Sigma, Germany) and incubated under
aerobic conditions at 44 °C for 48 h. The isolates were determined as enterococci based on a series of standard
microbiological tests [19]. To avoid the contamination in each step of our experiments, we selected randomly some
swabs without rolling on the surfaces, and cultured them in TSB. The con�rmation of the Enterococcus species was
accomplished by polymerase chain reaction (PCR) method using the speci�c primers detecting D-alanine-D-alanine
ligase encoding gene (ddl E. faecium and ddl E. faecalis) (Additional �le 1: Table S1). All isolates were stored in TSB broth with
15% glycerol at -70 ˚C until use.

Antimicrobial susceptibility testing

The antimicrobial susceptibility testing was performed by disk agar diffusion method according to the clinical and
laboratory standards institute [20] (CLSI) guidelines, against erythromycin (15 µg), vancomycin (30 µg), teicoplanin (30
µg), ampicillin (10 µg), linezolid (30 µg), tetracycline (30 µg), cipro�oxacin (5 µg), levo�oxacin (5 µg), nitrofurantoin (300
µg), chloramphenicol (30 µg), quinupristin-dalfopristin (15 µg), streptomycin (300 µg), and gentamicin (120 µg) (MAST,
Merseyside, U.K). The streptomycin and gentamicin were used for detection of high-level aminoglycoside resistance
(HLAR) in enterococci [20]. E. faecalis ATCC 29212 was used as a control strain in antimicrobial susceptibility testing.

DNA extraction

Genomic DNAs of the enterococci environmental isolates were extracted by alkaline lysis method using the lysis buffer
[sodium dodecyl sulphate (SDS) and NaOH] [21].

Ampli�cation of resistance genes and virulence factors

The multiplex-PCR were applied in order to distinguish for detection of vanA, vanB, aac(6´)-Ie-aph(2´´)-Ia, aph(3´)-IIIa, tetL,
tetM, and ermB as the antibiotic resistance genes, and esp along with ace as the virulence genes of E. faecalis and E.
faecium using the speci�c primers mentioned in Additional �le 1: Table S1. These primers were designed in this study,
and three sets of multiplex-PCR were done for detection of these genes. The �rst set was contained the ermB, esp, vanA
and vanB genes, while the aac(6´)-Ie-aph(2´´)-Ia, and aph(3´)-IIIa, were set together in the second group and tetL, tetM and
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ace genes were detected in the third set. The �rst set of the multiplex-PCR was performed in a �nal volume of 25 μl
containing 600 ng of the template DNA, 5 pmol of each ermB, vanA, and vanB forward and reverse primers and 6 pmol of
each esp primers, and 12.5 μl of master mix. The thermal pro�le was as follows, an initial denaturation step at 95 °C for 5
min followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at 65 °C for 30 s, and an extension at 72 °C for
35s, followed by a �nal extension step at 72 °C for 10 min. Moreover, the second set of the multiplex-PCR was carried out
in a �nal volume of 15 μl including 7.5 μl of master mix, 300 ng of the template DNA, 5 pmol of each aac(6´)-Ie-aph(2´´)-
Ia, and aph(3´)-IIIa primers by a thermal condition including a 95 °C initial denaturation step for 5 min followed by 32
cycles of denaturation at 95 °C for 30 s, annealing at 65 °C for 30 s, and an extension at 72 °C for 35s, followed by a �nal
extension step at 72 °C for 10 min. The third set of the multiplex-PCR was done in a �nal volume of 15 μl including 7.5 μl
of the master mix, 300 ng of the template DNA, and 4 pmol of each ace, primers and 5 pmol of tetL, and tetM forward
and revers primers. After an initial denaturation at 95 °C for 5 min, the ampli�cation was performed in 32 cycles of
denaturation at 95 °C for 30 s, annealing at 65 °C for 30 s, and extension at 72 °C for 1 min followed by a �nal extension
at 72 °C for 10 min. Then, the PCR products were electrophoresed on 2% agarose gel containing safe stain.

Statistical analysis

All data were statistically analyzed using chi-square and Fisher's exact tests while difference signi�cance (p < 0.05) was
determined using SPSS software (version 16).

Results
Identi�cation of enterococcal isolates

From 388 hospital environmental samples, 90 (23.1%) isolates of enterococci were recognized to species level by
common microbiological methods. Molecular analysis con�rmed that 42 (46.66%) environmental isolates were E.
faecalis and 48 (53.33%) others were detected as E. faecium. The sites of hospital environments which the bacteria were
isolated are shown in Table 1. The most bacteria (26.7%) were obtained from the knob and the least isolation of bacteria
(2.2%) were from the room keys.

Table 1
The distribution of the environment bacteria isolated from different sites of hospitals

Source Water
Closet

Sweep Faucet Knob Bed Wall Room
keys

Table Sinks Wheelchair Total

N

(%)

12

(13.3)

12

(13.3)

8

(8.8)

24

(26.6)

6

(6.6)

10

(11.1)

2

(2.2)

4

(4.4)

8

(8.8)

4

(4.4)

90

(100)

E.
faecalis

4

(33.3)

10

(83.3)

2

(25)

12

(50)

2

(33.3)

- - 4

(100)

4

(50)

4

(100)

42

(46.6)

E.
faecium

8

(66.6)

2

(16.6)

6

(75)

12

(50)

4

(66.6)

10

(100)

2

(100)

- 4

(50)

- 48

(53.3)

 

Antimicrobial susceptibility

The antibiotic susceptibility pro�le of the isolates in this study is shown in Table 2. According to this data, the highest
antibiotic resistance rate (62.2%) was shown against erythromycin, while 8.8% of the total isolates were resistant to
teicoplanin. However, all isolates were susceptible to linezolid and nitrofurantoin. While all E. faecalis isolates were
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susceptible to vancomycin and teicoplanin, but 10 (20.8%) and 8 (16.6%) isolates of E. faecium were detected as
resistant to these glycopeptides, respectively. Surprisingly, 42 (46.6%) Enterococcus isolates were resistant towards
quinupristin-dalfopristin. However, 46 (51.1%) environmental isolates of the present study were detected as multi-drug
resistant (MDR). On the other hand, 28 (66.6%) E. faecalis and 18 (37.5%) E. faecium isolates were MDR.
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Table 2
Antimicrobial susceptibility pattern of the tested isolates

Antibiotics No. (%) of isolates that were resistant

E. faecalis (n = 42) E. faecium (n = 48) Total (n = 90)

R I S R I S R I S

Chloramphenicol 14

(33.3)

  28

(66.6)

6

(12.5)

4

(8.3)

38

(79.1)

20

(22.2)

4

(4.4)

66

(73.3)

Gentamycin 10

(23.8)

  32

(76.1)

8

(16.6)

  40

(83.3)

18

(20)

  72

(80)

Streptomycin 18

(42.8)

  24

(57.1)

8

(16.6)

  40

(83.3)

26

(28.8)

  64

(71.1)

Ampicillin 6

(14.2)

  36

(85.7)

16

(33.3)

  32

(66.6)

22

(24.4)

  68

(75.5)

Vancomycin     42

(100)

10

(20.8)

  38

(79.1)

10

(11.1)

  80

(88.8)

Teicoplanin     42

(100)

8

(16.6)

  40

(83.3)

8

(8.8)

  82

(91.1)

Erythromycin 30

(71.4)

6

(14.2)

6

(14.2)

26

(54.1)

6

(12.5)

16

(33.3)

56

(62.2)

12

(13.3)

22

(24.4)

Tetracycline 30

(71.4)

2

(4.7)

10

(23.8)

22

(45.8)

  26

(54.1)

52

(57.7)

2

(2.2)

36

(40)

Cipro�oxacin 14

(33.3)

16

(38)

12

(28.5)

18

(37.5)

14

(29.1)

16

(33.3)

32

(35.5)

30

(33.3)

28

(31.1)

Levo�oxacin 6

(14.2)

  36

(85.7)

16

(33.3)

  32

(66.6)

22

(24.4)

  68

(75.5)

Quinupristin-dalfopristin 30

(71.4)

2

(4.7)

10

(23.8)

12

(25)

12

(25)

24

(50)

42

(46.6)

14

(15.5)

34

(37.7)

Linezolid     42

(100)

    48

(100)

    90

(100)

Nitrofurantoin     42

(100)

  2

(4.1)

46

(95.8)

  2

(2.2)

88

(97.7)

Abbreviations: R; resistant, I; intermediate resistant, S; susceptible.

 

Prevalence of studied genes among Enterococcus strains
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The prevalence of antibiotic resistance and putative virulence genes among the hospital environmental isolates of
Enterococcus are shown in Table 3. The multiplex-PCR results showed that all gentamicin-resistant isolates were
contained aac(6´)-Ie-aph(2´´)-Ia gene. Also, all HLGR isolates were carrying aph (3´)-IIIa gene, too. On the other hand, all
isolates containing these aminoglycoside resistance genes were detected as streptomycin-resistant isolates, too. Also, all
52 (100%) tetracycline-resistant isolates and 2 (100%) intermediate resistant ones were carrying both tetL and tetM
resistance genes, but any tetracycline susceptible isolates were contained these genes. Moreover, all 56 (100%)
erythromycin-resistant isolates along with 4 (33.3%) intermediate resistant isolates were detected as ermB positive. Out
of 10 isolates which were resistant to vancomycin, 8 (80%) isolates had both vanA and vanB genes, while theses 8
isolates were resistant against teicoplanin, too. The multiplex-PCR results on virulence factors of environmental
enterococci showed that 88 (97.7%) and 16 (17.7%) isolates were contained the esp and ace virulence genes,
respectively. Among them, 42 (100%) E. faecalis and 46 (95.8%) E. faecium isolates were carrying the esp gene, while 12
(28.5%) isolates of the E. faecalis and 4 (8.3%) isolates of the E. faecium were contained the ace gene. Totally, except
vanA and vanB genes, other resistance and virulence genes investigated in this study were more prevalent in E. faecalis
than E. faecium. On the other hand, there was a statistically signi�cant correlation between the presence of antibiotic
resistance genes and the rate of resistance to antibiotics (P < 0.05). The gene pro�les of MDR and non- MDR enterococci
investigated are shown in Table 4. According to this table, there was a signi�cant correlation between the simultaneous
presence of antibiotic resistance and virulence genes tested in this study and the emergence of MDR phenotype by the
environmental isolates of enterococci. Surprisingly, all isolates which contained glycopeptide or aminoglycoside
resistance genes were detected as MDR isolates, besides it seems that there was not a statistically signi�cant
relationship between the presence of bio�lm encoding genes and the emergence of MDR phenotype.

Table 3
The prevalence of resistance and virulence genes among the tested isolates

Genes No. (%) of the isolates contained the genes

E. faecalis (n = 42) E. faecium (n = 48) Total (n = 90)

tetM 34 (80.9) 20 (41.6) 54 (60%)

tetL 34 (80.9) 20 (41.6) 54 (60%)

vanA - 8 (16.6) 8 (8.8%)

vanB - 8 (16.6) 8 (8.8%)

ermB 34 (80.9) 26 (54.1) 60 (66.6%)

aac(6´)-Ie-aph(2´´)-Ia 18 (42.8) 8 (16.6) 26 (28.8%)

aph (3´)-IIIa 14 (33.3) 10 (20.8) 24 (26.6)

esp 42 (100) 46 (95.8) 88 (97.7%)

ace 12 (28.5) 4 (8.3) 16 (17.7%)
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Table 4
The prevalence of different gene pro�le in MDR/non-MDR strains

Gene pro�les No. (%) of E. faecalis (n = 42) No. (%) of E. faecium (n = 48) P
value

MDR
isolates (n 
= 28)

Non-MDR
isolates (n = 
14)

MDR
isolates (n 
= 18)

Non-MDR
isolates (n = 
30)

tetM, tetL, aac(6´)-Ie-aph(2´´)-Ia, aph (3
´)-IIIa, ermB, esp, ace (n = 8)

6

(75)

- 2

(25)

- < 
0.05

tetM, tetL, aac(6´)-Ie-aph(2´´)-Ia, aph (3
´)-IIIa, vanA, vanB, esp (n = 4)

- - 4

(100)

- < 
0.05

tetM, tetL, aph (3´)-IIIa, vanA, vanB, esp,
ace (n = 2)

- - 2

(100)

- < 
0.05

tetM, tetL, aac(6´)-Ie-aph(2´´)-Ia, aph (3
´)-IIIa, ermB, esp (n = 10)

8

(80)

- 2

(20)

- < 
0.05

tetM, tetL, vanA, vanB, esp (n = 2) - - 2

(100)

- < 
0.05

tetM, tetL, aph (3´)-IIIa, ermB, esp (n = 2) 2

(100)

- - - < 
0.05

tetM, tetL, ermB, esp, ace (n = 6) 4

(66. 6)

- - 2

(33.3)

NS

tetM, tetL, aac(6´)-Ie-aph(2´´)-Ia, aph (3
´)-IIIa (n = 2)

2

(100)

- - - < 
0.05

tetM, tetL, ermB, esp (n = 16) 8

(50)

4

(25)

2

(12. 5)

2

(12. 5)

NS

tetM, tetL, esp, ace (n = 2) - 2

(100)

- - < 
0.05

esp, ace (n = 14) - 4

(28. 5)

- 10

(71.4)

< 
0.05

esp (n = 20) - 4

(20)

- 16

(80)

< 
0.05

None of these genes (n = 2) - - 2

(100)

- NS

Abbreviations: NS; not statistically signi�cant

Discussion
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Enterococci are the normal gastrointestinal �ora of humans and animals that today, as a hospital pathogen, they can
create a variety of diseases in hospitalized patients [22]. The spread of these potentially pathogenic enterococci from the
hospital environment or other sources could enhance the outbreak of these strains in the human population as a risk
factor to human health [23]. We found that, in concordant with another Iranian research on the clinical isolates of
enterococci [8], all gentamicin-resistant isolates of our study were possessed the aac(6´)-Ie-aph(2´´)-Ia resistance gene.
However, 20% of our hospital environmental isolates of enterococci were high-level gentamicin resistant (HLGR), and
among all Enterococcus isolates of the present study, 26 (28.8%) isolates were contained this gene. This range was
42.8% in E. faecalis isolates, although 16.6% of E. faecium isolates were carrying this gene. However, a research in 2016,
conducted in Iran [24], showed that 32.8% and 67.2% of their E. faecium and E. faecalis clinical isolates were contained
aac(6´)-Ie-aph(2´´)-Ia, respectively, while the prevalence of aph(3´)-IIIa gene was 77.3% and 22.7%, respectively, which
both of them were more prevalent than our study. However, another Iranian study on burn patients showed that 65.2% of
their E. faecalis isolates were detected as HLGR, while 47.8% of them had aac(6´)-Ie-aph(2´´)-Ia gene [25]. This data
con�rmed that the prevalence of these genes in clinical Enterococcus isolates is higher than the environmental isolates,
may be due to the high prescription of aminoglycosides for treatment of infections caused by Gram-negative bacteria
and enterococci in Iran. This was in concordant with a study carried out in India [9], from which aac(6´)-Ie-aph(2´´)-Ia and
aph (3´)-IIIa genes were detected in 39.5% and 37.5% of their clinical isolates, respectively. Also, the prevalence of aac(6´)-
Ie-aph(2´´)-Ia in enterococci isolated from non-hospital samples and surface waters in Thailand were reported as 0.9%
and 1.6%, respectively [22]. While, the prevalence of E. faecalis and E. faecium isolated from wastewater containing this
gene in Tunisia were 5.8% and 3.7%, respectively [26]. The emergence of high-level gentamicin resistance in enterococci,
and concurrent resistance to ampicillin and vancomycin due to the role of the same plasmid in the transfer of their genes
were reported in some studies [3, 27]. Considering such a �nding, the detection of HLGR strains together with
vancomycin-resistant enterococci in this research displays an alarming situation in our region. Vancomycin-resistant
enterococci (VRE) have led to hospital prevalence worldwide, and vanA gene has connected to methicillin-resistant S.
aureus [28]. While we detected this gene just in 8.8% of E. faecium isolates and our E. faecalis ones were negative, in an
Australian research in 2012 [23], any vancomycin-resistant strains isolated from water were contained this gene.
However, some of their E. faecium and E. faecalis clinical isolates were carrying vanA and vanB genes, indicating the
more prevalence in clinical isolates than environmental ones. Moreover, a research conducted in Iran [25], exhibited that
all of their E. faecalis isolated from burned patients were susceptible to vancomycin and the vanA and vanB genes were
not found. This range in Italy was 10.7% and 0.7% among meat and environmental isolates of glycopeptide resistant
Enterococcus (GRE), respectively [29]. Also, we detected that all of our isolates carrying vanA and vanB genes were
detected as tetL, tetM, and esp positive, while 4 of them were contained aac(6´)-Ie-aph(2´´)-Ia and aph (3´)-IIIa genes, too,
and 2 isolates had all resistance and putative virulence genes tested in the current study. The most common antibiotic
resistance phenotype in enterococci is tetracycline resistance [30]. In the present study, 60% of enterococci isolates were
positive for tetM and tetL, this range in animal meat samples and clinical specimens were different in research conducted
by Ebru Sneb Yılmaz et al. [30]. In addition, in Tunisia, just 3.7% and 11.7% of E. faecium and E. faecalis isolated from
wastewater and surface water samples carrying the tetM gene [26]. In the most studies on enterococci in the world,
similar to the present research, the resistance rate to erythromycin is equal to the level of resistance to tetracyclines, and
among them, the ermB resistance gene was the most prevalent in both E. faecalis and E. faecium erythromycin-resistant
isolates [2, 14, 30, 31]. In the current study, in addition to all 56 erythromycin-resistant environmental isolates of
enterococci, 4 intermediate resistant isolates were contained the ermB gene, too. This ermB high prevalence was
concordant to all above-mentioned studies worldwide, may be due to the role of mosaic plasmids harboring Tn1546-
ermB element transferable among S. aureus and Enterococcus Spp., as a developing problem requiring constant
monitoring [32]. Meanwhile, almost 43% of the enterococci isolated from the waste and surface waters were carrying this
gene [26], but the prevalence of ermB gene among the erythromycin-resistant clinical isolates of enterococci in Spain [2]
was almost similar to our study [33]. However, the prevalence of ermB gene in E. faecalis isolated from burned patients
was 54.3% [25], in concordant to Bulgarian research [34], which 59.5% of their clinical isolates contained this gene, while
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just 4.3% of their E. faecium isolates were ermB positive. According to the prescription of erythromycin in different
countries, the prevalence of ermB gene in enterococci is varied, as just 33% of the clinical E. faecalis isolated from
Mexico were carrying the ermB gene, while all of them were susceptible against vancomycin and 62% of their isolates
were resistant to tetracycline [35]. On the other hand, in a study conducted in Turkey, the higher prevalence of tetracycline
resistance genes in enterococci isolated from chicken meats than beef was observed about the ermB gene, too [30].
However, 76% and 83.8% of E. faecalis and E. faecium isolated from slaughter pigs in Australia were detected as the
ermB positive, respectively, in 2011 [14]. These data indicate that the hospital environments, waters and animal isolates
of enterococci could be the major sources of the ermB resistance gene transferring it to the clinical isolates by plasmids.
However, among hospital environmental isolates in Tunisia, 97.3% of them were resistant to erythromycin and all
tetracycline and vancomycin-resistant, were contained tetM and vanA genes, respectively [31]. Considering the antibiotic
resistance pattern of the enterococcal isolates, we found that linezolid and nitrofurantoin are the most effective
antibiotics for treatment of possible infections caused by our environmental isolates in immunocompromised
hospitalized patients. However, even erythromycin or tetracycline intermediate resistant and non-HLAR isolates of the
present study were carrying the resistance genes. Another thing to consider in this study is that we also tested ampicillin
in this study, although the bacterium is almost inherently resistant to this antibiotic. We had two reasons for this: 1)
because the CLSI has recommended this drug for antibiotic susceptibility testing. 2) because in our area the use of this
antibiotic has reached the lowest possible level, and we wanted to investigate whether the rate of enterococci ampicillin
resistance could be reduced. We concluded that this is possible, because only 24.4% of our isolates were resistant to this
antibiotic. The esp gene was de�ned as characteristic to hospital strains and claimed to be greatly correlated to the
capability of the isolates to cause health-care associated infection [36]. The importance of the presence of esp and ace
genes in the bio�lm synthesis process was highlighted by the results of a study conducted by Papadimitriou, et al., 2015
[37]. In the present study, 97.7% of the isolates had esp gene, while 17.7% of them were contained the ace gene.
According to the study conducted in China, ace gene was found in 92% of environmental enterococcal strains (23/25).
This difference may be due to the various samples which used in two types of research [38]. However, in a study
conducted in Mexico, 39% of the E. faecalis clinical isolates were ace positive [35]. E. faecalis and E. faecium can survive
outside the host for a long time using the bio�lm construction, as well as being able to resist routine cleaning and
antibiotics due to the possession of resistance genetic elements, contaminate the environments and transfer to
hospitalized patients by contact with the medical equipments, other patients, and contaminated surfaces [31, 39].

Conclusions
According to the present study, antibiotic resistance has a relatively high prevalence in the environmental isolates of E.
faecalis and E. faecium. Beside, a large source of antibiotic resistance and bio�lm encoding genes was identi�ed from
enterococci isolated in this study. These genetic elements can be transmitted to other bacteria resulting in the increase of
antibiotic resistance level in a healthy human community and consequently in the hospital environmental bacteria. As a
result, the treatment of infections caused by these resistant microorganisms is becoming more and more di�cult.

Abbreviations
MDR: multidrug-resistant, PCR: polymerase chain reaction, erm: erythromycin ribosome methylation, Ace: Adhesin to
Collagen of E. Faecalis, HLGR: high level gentamicin resistance, TSB: trypticase soy broth, ESP: enterococcus surface
protein, ddl: D-alanine-D-alanine ligase, CLSI; clinical and laboratory standards institute, SDS: Sodium Dodecyl Sulphat,
VRE: Vancomycin-resistant enterococci,

Declarations
Acknowledgment



Page 11/14

We thank the laboratory staffs of Buali Sina, Imam Khomeini, Zare, and Fatemeh Zahra hospitals for helping in the
collection of the environmental isolates.

Authors' contributions

HG: Design of the study and supervision. SA: collected the data, cultured the samples and performed experiments. RV
Advisor in the study and contributed to the analysis of the data in collaboration with MG. MN: Assisted in molecular
examinations and edited the manuscript. MG drafting of the manuscript in collaboration with HG. All authors read and
approved the �nal manuscript.

Funding

This work was supported by Mazandaran University of Medical Sciences in Sari, Iran. (Grant No. 3065).

Availability of data and materials

All data generated or analyzed during this work are included in this published article.

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References
1. Y.Y. Chan, M.H.B.A. Nasir, M.A.B. Yahaya, N.M.A.B. Salleh, A.D.B.M. Dan, A.M.B. Musa, M. Ravichandran, Low

prevalence of vancomycin-and bifunctional aminoglycoside-resistant enterococci isolated from poultry farms in
Malaysia, International journal of food microbiology 122(1-2) (2008) 221-226.

2. F. López, E. Culebras, C. Betriú, I. Rodríguez-Avial, M. Gómez, J.J. Picazo, Antimicrobial susceptibility and macrolide
resistance genes in Enterococcus faecium with reduced susceptibility to quinupristin–dalfopristin: level of
quinupristin–dalfopristin resistance is not dependent on erm (B) attenuator region sequence, Diagnostic
microbiology and infectious disease 66(1) (2010) 73-77.

3. A. Hasani, Y. Shari�, R. Ghotaslou, B. Naghili, M. Aghazadeh, M. Milani, A. Bazmani, Molecular screening of virulence
genes in high-level gentamicin-resistant Enterococcus faecalis and Enterococcus faecium isolated from clinical
specimens in Northwest Iran, Indian journal of medical microbiology 30(2) (2012) 175.

4. M. Sai�, M.S. Dallal, M. Poursha�e, M. Eshraghian, M. Pourmand, M. Salari, M. Shirazi, High level resistance of
Enterococcus faecium and E. faecalis isolates from municipal sewage treatment plants to gentamicin, Iranian
Journal of Public Health (2008) 103-107.

5. A. Di Cesare, S. Pasquaroli, C. Vignaroli, P. Paroncini, G.M. Luna, E. Manso, F. Biavasco, The marine environment as a
reservoir of enterococci carrying resistance and virulence genes strongly associated with clinical strains,
Environmental microbiology reports 6(2) (2014) 184-190.



Page 12/14

�. Â. Barreto, B. Guimarães, H. Radhouani, C. Araújo, A. Gonçalves, E. Gaspar, J. Rodrigues, G. Igrejas, P. Poeta,
Detection of antibiotic resistant E. coli and Enterococcus spp. in stool of healthy growing children in Portugal,
Journal of basic microbiology 49(6) (2009) 503-512.

7. F.J. Angulo, O.E. Heuer, A.M. Hammerum, P. Collignon, H.C. Wegener, Human health hazard from antimicrobial-
resistant enterococci in animals and food, Clinical Infectious Diseases 43(7) (2006) 911-916.

�. K. Cauwerts, A. Decostere, E. De Graef, F. Haesebrouck, F. Pasmans, High prevalence of tetracycline resistance in
Enterococcus isolates from broilers carrying the erm (B) gene, Avian Pathology 36(5) (2007) 395-399.

9. E. Padmasini, R. Padmaraj, S.S. Ramesh, High level aminoglycoside resistance and distribution of aminoglycoside
resistant genes among clinical isolates of Enterococcus species in Chennai, India, The Scienti�c World Journal 2014
(2014).

10. M. Talebi, N.A. Moghadam, Z. Mamooii, M. Enayati, M. Sai�, M.R. Poursha�e, Antibiotic resistance and bio�lm
formation of Enterococcus faecalis in patient and environmental samples, Jundishapur journal of microbiology
8(10) (2015).

11. S. Dutka-Malen, S. Evers, P. Courvalin, Detection of glycopeptide resistance genotypes and identi�cation to the
species level of clinically relevant enterococci by PCR, Journal of clinical microbiology 33(1) (1995) 24-27.

12. E.I. Kirtzalidou, E.K. Mitsou, P. Pramateftaki, A. Kyriacou, Screening fecal enterococci from Greek healthy infants for
susceptibility to antimicrobial agents, Microbial Drug Resistance 18(6) (2012) 578-585.

13. S.B. Vakulenko, S.M. Donabedian, A.M. Voskresenskiy, M.J. Zervos, S.A. Lerner, J.W. Chow, Multiplex PCR for
detection of aminoglycoside resistance genes in enterococci, Antimicrobial agents and chemotherapy 47(4) (2003)
1423-1426.

14. R.M.N. Fard, M.W. Heuzenroeder, M.D. Barton, Antimicrobial and heavy metal resistance in commensal enterococci
isolated from pigs, Veterinary microbiology 148(2-4) (2011) 276-282.

15. A. Martel, L. Devriese, A. Decostere, F. Haesebrouck, Presence of macrolide resistance genes in streptococci and
enterococci isolated from pigs and pork carcasses, International journal of food microbiology 84(1) (2003) 27-32.

1�. F. Lebreton, E. Riboulet-Bisson, P. Serror, M. Sanguinetti, B. Posteraro, R. Torelli, A. Hartke, Y. Auffray, J.-C. Giard, ace,
which encodes an adhesin in Enterococcus faecalis, is regulated by Ers and is involved in virulence, Infection and
immunity 77(7) (2009) 2832-2839.

17. C. Oancea, I. Klare, W. Witte, G. Werner, Conjugative transfer of the virulence gene, esp, among isolates of
Enterococcus faecium and Enterococcus faecalis, Journal of Antimicrobial Chemotherapy 54(1) (2004) 232-235.

1�. C.B. Comerlato, M.C.C.d. Resende, J. Caierão, P.A. d'Azevedo, Presence of virulence factors in Enterococcus faecalis
and Enterococcus faecium susceptible and resistant to vancomycin, Memórias do Instituto Oswaldo Cruz 108(5)
(2013) 590-595.

19. J.R. Hayes, L.L. English, L.E. Carr, D.D. Wagner, S.W. Joseph, Multiple-antibiotic resistance of Enterococcus spp.
isolated from commercial poultry production environments, Appl. Environ. Microbiol. 70(10) (2004) 6005-6011.

20. CLSI, Clinical and Laboratory Standards Institute: Performance standards for antimicrobial susceptibility testing:
Twenty-�fth informational supplement, M100-S25. Wayne, PA: Clinical and Laboratory Standards Institute (CLSI),
35(3) (2015).

21. N.Š. Šipošová, V. Liptáková, S. Kvasnová, P. Kosorínová, P. Pristaš, Genetic diversity of Acinetobacter spp. adapted to
heavy metal polluted environments, Nova Biotechnologica et Chimica 16(1) (2017) 42-47.

22. U. Tansuphasiri, D. Khaminthakul, W. Pandii, Antibiotic resistance of enterococci isolated from frozen foods and
environmental water, (2006).

23. I. Rathnayake, M. Hargreaves, F. Huygens, Antibiotic resistance and virulence traits in clinical and environmental
Enterococcus faecalis and Enterococcus faecium isolates, Systematic and applied microbiology 35(5) (2012) 326-



Page 13/14

333.

24. M. Khani, M. Fatollahzade, H. Pajavand, S. Bakhtiari, R. Abiri, Increasing Prevalence of Aminoglycoside-Resistant
Enterococcus faecalis Isolates Due to the aac (6’)-aph (2”) Gene: A Therapeutic Problem in Kermanshah, Iran,
Jundishapur journal of microbiology 9(3) (2016).

25. H. Heidari, M. Emaneini, H. Dabiri, F. Jabalameli, Virulence factors, antimicrobial resistance pattern and molecular
analysis of Enterococcal strains isolated from burn patients, Microbial pathogenesis 90 (2016) 93-97.

2�. L.B. Said, N. Klibi, C. Lozano, R. Dziri, K.B. Slama, A. Boudabous, C. Torres, Diversity of enterococcal species and
characterization of high-level aminoglycoside resistant enterococci of samples of wastewater and surface water in
Tunisia, Science of the Total Environment 530 (2015) 11-17.

27. H. Tomita, C. Pierson, S.K. Lim, D.B. Clewell, Y. Ike, Possible connection between a widely disseminated conjugative
gentamicin resistance (pMG1-like) plasmid and the emergence of vancomycin resistance in Enterococcus faecium,
Journal of clinical microbiology 40(9) (2002) 3326-3333.

2�. R.J. Willems, J. Top, D. Marga van Santen, T.M. Coque, F. Baquero, H. Grundmann, M.J. Bonten, Global spread of
vancomycin-resistant Enterococcus faecium from distinct nosocomial genetic complex, Emerging infectious
diseases 11(6) (2005) 821.

29. P. Messi, E. Guerrieri, S. De Niederhaeusern, C. Sabia, M. Bondi, Vancomycin-resistant enterococci (VRE) in meat and
environmental samples, International journal of food microbiology 107(2) (2006) 218-222.

30. E.Ş. Yılmaz, Ö. Aslantaş, S.P. Önen, S. Türkyılmaz, C. Kürekci, Prevalence, antimicrobial resistance and virulence traits
in enterococci from food of animal origin in Turkey, LWT-Food Science and Technology 66 (2016) 20-26.

31. R. Dziri, C. Lozano, L.B. Said, R. Bellaaj, A. Boudabous, K.B. Slama, C. Torres, N. Klibi, Multidrug-resistant enterococci
in the hospital environment: detection of novel vancomycin-resistant E. faecium clone ST910, The Journal of
Infection in Developing Countries 10(08) (2016) 799-806.

32. T.-W. Wan, Y.-T. Lin, W.-C. Hung, J.-C. Tsai, Y.-J. Liu, P.-R. Hsueh, L.-J. Teng, Emergence of mosaic plasmids harboring
Tn1546-ermB element in Staphylococcus aureus isolates, bioRxiv (2018) 294348.

33. A. Khan, M. Nawaz, S. Khan, R. Steele, Detection and characterization of erythromycin-resistant methylase genes in
Gram-positive bacteria isolated from poultry litter, Applied microbiology and biotechnology 59(2-3) (2002) 377-381.

34. T. Strateva, D. Atanasova, E. Savov, G. Petrova, I. Mitov, Incidence of virulence determinants in clinical Enterococcus
faecalis and Enterococcus faecium isolates collected in Bulgaria, Brazilian Journal of Infectious Diseases 20(2)
(2016) 127-133.

35. P. López-Salas, J. Llaca-Díaz, R. Mor�n-Otero, J.C. Tinoco, E. Rodriguez-Noriega, L. Salcido-Gutierres, G.M. González,
S. Mendoza-Olazarán, E. Garza-González, Virulence and antibiotic resistance of Enterococcus faecalis clinical
isolates recovered from three states of mexico. Detection of linezolid resistance, Archives of medical research 44(6)
(2013) 422-428.

3�. Łysakowska ME, Denys A. Occurrence of virulence genes among Enterococcus faecium strains isolated from
patients and hospital environment.

37. Papadimitriou-Olivgeris M, Filippidou S, Drougka E, Fligou F, Kolonitsiou F, Dodou V, Marangos M, Anastassiou ED,
Vantarakis A, Spiliopoulou I. Bio�lm synthesis and presence of virulence factors among enterococci isolated from
patients and water samples. Journal of medical microbiology. 2015 Nov 1;64(11):1270-6.

3�. Łysakowska ME, Denys A, Sienkiewicz M. Frequency of ace, epa and elrA Genes in Clinical and Environmental
Strains of Enterococcus faecalis. Indian journal of microbiology. 2012 Dec 1;52(4):612-6.

39. M. Sparo, L. Urbizu, M.V. Solana, G. Pourcel, G. Delpech, A. Confalonieri, M. Ceci, S.F. Sanchez Bruni, High‐level
resistance to gentamicin: genetic transfer between Enterococcus faecalis isolated from food of animal origin and
human microbiota, Letters in applied microbiology 54(2) (2012) 119-125.



Page 14/14

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Additional�le1.doc

Additional�le1.doc

https://assets.researchsquare.com/files/rs-123398/v1/7f174c270f472aa82b9fb7c1.doc
https://assets.researchsquare.com/files/rs-123398/v1/29d3699b974b1a7a2e36d375.doc

