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Introduction  
            

Enterococci, which exist in the gastrointestinal 
tract of humans, have been recognized as an im-
portant cause of healthcare-associated infections 
(1). These pathogens frequently cause urinary 
tract and wound infections, endocarditis, and 
bacteremia in hospitals (2). Enterococci display 
intrinsic and acquired resistance to many antimi-
crobial agents. For example, they are inherently 

resistant to cephalosporin, macrolides, clindamy-
cin, trimethoprim-sulfamethoxazole, and low-
level aminoglycoside. They have also acquired 
resistance to high-level aminoglycosides, vanco-
mycin, ampicillin, and ciprofloxacin (3, 4). 
Most enterococcal infections are caused by Enter-
ococcus faecalis and E. faecium, but the majority of 
VRE infections are attributed to the latter (1). 

Abstract 
Background: This study aimed to investigate the incidence of antibiotic-resistance and virulence genes in van-
comycin-resistant Enterococcus faecium isolated from different sources in southwest Iran from Mar to Sep 2015.  
Methods: Overall, 120 E. faecium isolates (80 VRE and 40 vancomycin-susceptible enterococci [VSE] isolates) 
were obtained from four hospitals. The resistance of the VRE isolates was determined by disk diffusion method. 
Multiplex PCR was performed to detect the virulence genes carried by the E. faecium isolates, namely, enterococ-
cal surface protein (esp), hyaluronidase (hyl), and collagen-binding adhesin (acm).  
Results: All the VRE isolates exhibited multidrug resistance, with the rates of resistance to ampicillin, erythro-
mycin, and ciprofloxacin reaching high levels. The isolates were least resistant to chloramphenicol and nitrofu-
rantoin, but all of them were susceptible to linezolid. 46.6%, 20.8%, and 86.6% of the E. faecium isolates carried 
the esp, hyl, and acm genes, respectively. 
Conclusion: There is a significant difference between the prevalence of esp and hyl genes in the VRE and VSE 
isolates. In the VRE isolates, the high prevalence of multidrug resistance were found and the difference in the 
prevalence of esp among various sources was significant. The findings reflected a relationship between the preva-
lence of esp and hyl and resistance to certain antibiotics. 
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Nine types of glycopeptide resistance determi-
nants (vanA, vanB, vanC, vanD, vanE, 
vanG, vanL, vanM, and vanN) have been reported; 
among these, the most predominant glycopeptide 
resistance phenotype is vanA, followed by vanB 
(5). The acquisition of resistance genes by E. 
faecium presents a serious challenge to clinicians in 
treating enterococcal infections (6). Antimicrobial 
resistance can be transferred between enterococci 
isolates from different sources (7). Thus, effec-
tively managing E. faecium infection necessitates 
identifying the resistance of isolates against dif-
ferent antibacterial drugs in every geographic re-
gion.   
Virulence factors, along with antibiotic resistance, 
have been regarded as important determinants of 
the bacterial colonization, establishment, and 
persistence of vancomycin-resistant enterococci 
(VRE) in hospital settings (8). The presence of 
these factors provides bacteria the opportunity to 
adapt to hospital environments and acquire anti-
biotic-resistance genes. E. faecium carries multiple 
virulence factors, such as enterococcal surface 
protein (esp), hyaluronidase (hyl), and collagen-
binding adhesin (acm) (9), whose expression is 
associated with colonization, host invasion, per-
sistence, biofilm formation, and pathogenicity 
(10). The majority of hospital-associated strains 
of vancomycin-resistant E. faecium acquire viru-
lence traits, including esp, hyl, and acm, thereby 
potentially increasing bacterial fitness in hospital 
settings (11). Accurate and reliable knowledge 
about various virulence factors and their func-
tions is therefore essential in the design of VRE 
treatment.  
The distribution of virulence genes was evaluated 
and compared in VRE and vancomycin-
susceptible (VSE) E. faecium, but further studies 
should be carried out to clarify certain issues (12, 
13). To date, limited data have been derived re-
garding the distribution of potential virulence 
genes among VRE faecium isolated from the dif-
ferent source in Iran and the most of the studies 
determined the prevalence of virulence genes in 
clinical isolates (14,15). There is no study in 
southwest Iran.  

Accordingly, we investigated the association be-
tween virulence genes and antibiotic susceptibility 
profiles in clinical, intestine-colonizing, and envi-
ronmental isolates of vancomycin-resistant E. 
faecium in southwest Iran. 
  

Materials and Methods 
       
Study design and sampling   
The study was performed in four university hos-
pitals (Abouzar, Imam Khomeini, Golestan, and 
Shafa) in Ahwaz City in southwest Iran from Mar 
to Sep 2015. The clinical and intestine-colonizing 
samples were collected from hospitalized pa-
tients, and the environmental samples were ob-
tained from patients’ beds, ward sinks, tables, and 
medical equipment. Clinical samples including 
urine, wound, blood and catheter tips, were inoc-
ulated on blood agar medium (Merck). The plates 
were incubated overnight at 37 °C.  
Ethical approval to conduct the study was grant-
ed by the Research Ethics Committee of the 
Tehran University of Medical Science, Tehran, 
Iran. 
For intestine-colonizing and environmental sam-
pling, each swab was moistened with sterile nor-
mal saline and used for sampling of rectal or en-
vironmental sources. Following sampling, each 
swab was inoculated on bile esculin Broth 
(Merck) and incubated overnight at 37 °C, and 
then they were subcultured on Blood agar medi-
um. In this cross-sectional study, we examined 
120 E. faecium isolates including 80 VRE isolates 
(35 clinical, 24 intestines colonizing, and 21 envi-
ronmental) and 40 VSE isolates (16 clinical, 14 
intestines colonizing, and 10 environmental).  
 
Species identification 
Genus and species identification were performed 
by gram staining, catalase test, growth in the 
presence of 6.5% NaCl, bile-esculin test (Merck), 
and fermentation of arabinose, arginine, and sor-
bitol (Sigma Co) (16). The phenotypic identifica-
tion was confirmed by PCR using species-specific 
primers (Table 1), and the genomic DNA of 
Enterococcus was extracted by boiling. PCR ampli-
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fication involved initial denaturation at 95 °C for 
4 min, followed by 35 cycles of denaturation at 
94 °C for 30 sec, annealing at 54 °C for 1 min, 
extension at 72°C for 1 min, and a final extension 

at 72°C for 7 min (17). Vancomycin-resistant iso-
lates were recognized by growth in bile-esculin 
agar containing 6 µgr/ml vancomycin (Sigma Al-
drich, Germany). 

    
Table 1: Primers used in this study 

 

Target 
Genes 

Primer name Sequence(5´-3´) Size(bp) References 

ddl ddl E.faecium-F 
ddl E.faecium-R 

TTGAGGCAGACCAGATTGACG 
TATGACAGCGACTCCGATTCC 

658 (17) 

vanA vanA-F 
vanA-R 

CATGAATAGAATAAAAGTTGCAATA 
CCCCTTTAACGCTAATACGATCAA 

1030 (17) 

vanB vanB-F 
vanB-R 

GTGACAAACCGGAGGCGAGGA 
CCGCCATCCTCCTGCAAAAAA 

433 (17) 

esp esp-F 
esp-R 

AGATTTCATCTTTGATTCTTGG 
AATTGATTCTTTAGCATCTGG 

510 (18) 

hyl hyl-F 
hyl-R 

ACAGAAGAGCTGCAGGAAATG 
GACTGACGTCCAAGTTTCCAA 

276 (18) 

acm acm-F 
acm-R 

GGCCAGAAACGTAACCGATA 
AACCAGAAGCTGGCTTTGTC 

135 (8) 

     

F, Forward (upstream) primer; R, Reverse (downstream) primer 

 
Antimicrobial susceptibility test   
We tested the antimicrobial susceptibility of the 
vancomycin-resistant E. faecium isolates to eight 
agents, namely, ciprofloxacin (5 µg), nitrofuranto-
in (300 µg), ampicillin (10 µg), linezolid (30 µg), 
teicoplanin (30 µg), gentamycin (120 µg), eryth-
romycin (15 µg), and chloramphenicol (30 µg). 
The test was conducted by disk diffusion method 
in accordance with the recommendations of the 
Clinical and Laboratory Standard Institute Guide-
line, and E. faecalis ATCC 29212 was used as the 
quality control strain. The antibiotic disks used in 
the research were supplied by MAST Laborato-
ries Ltd. (MAST Diagnostics, UK). The Mini-
mum Inhibitory Concentrations (MICs) of van-
comycin and teicoplanin were determined by E-
test (Liofilchem, Italy).     
Multiplex PCR assay was performed to detect 
vancomycin-resistance genes (vanA and vanB), as 
previously described (17).    
       
Detection of virulence genes 
Three major virulence genes (esp, hyl, acm) in the 
clinical, intestine-colonizing, and environmental 

VRE and VSE isolates were detected by multi-
plex PCR using the primers listed in Table 1. 
PCR amplification was carried out using amplifi-
cation parameter as follows: initial denaturation 
at 94 °C for 5 min, followed by 30 cycles of dena-
turation at 94°C for 1 min, annealing at 54 °C for 
1 min, extension at 72 °C for 1 min, an a final 
extension at 72 °C for 10 min (18). The PCR 
products were analyzed by 1% agarose gel elec-
trophoresis (SinaClon, Iran). 
 
Statistical analysis   
Data were statistically analyzed using chi-square 
and Fisher’s exact tests, and significant difference 
(P<0.05) was determined by SPSS software (ver. 
22, Chicago, IL, USA). 
 

Results 
       
Among the 120 E. faecium isolates, 80 (67%) and 
40 (33%) were VRE and VSE isolates, respective-
ly. Among the clinical isolates, the most common 
specimen was urine (62.7%, n=32), followed by 
wound (25.5%, n=13). The results of the PCR 
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assay for the ddl faecium gene confirmed the phe-
notypic identification of the E. faecium isolates. 
All the VRE isolates harbored the vanA gene.  
       
Antibiotic resistance patterns  
The 80 VRE isolates were tested for susceptibility 
to eight antimicrobial agents by disk diffusion 
method. The comparison results on antibiotic 
susceptibilities are shown in Table 2. 
All the VRE isolates presented multidrug re-
sistance, with the rates of resistance to ampicillin 
(92.5%), teicoplanin (100%), ciprofloxacin 

(96.2%), and erythromycin (96.2%) being of high 
levels. The rate of resistance to gentamycin was 
higher in the environmental (91.5%) and intes-
tine-colonizing isolates (81.5%) than in the clini-
cal isolates (60%) (P<0.05). All the VRE isolates 
were susceptible to linezolid. The isolates exhib-
ited the least resistance to chloramphenicol 
(32.5%) and nitrofurantoin (38%). Moreover, all 
the VRE isolates exhibited high MICs to vanco-
mycin (64 to >256 μg/ml) and teicoplanin (16 to 
256 μg/ml). 

 
Table 2: Resistance patterns of VRE isolates to different antibiotics 

 

 
Antimicrobial 
agents 

Clinical isolates 
N=35 

Colonizing 
isolates 
N=24 

Environmental 
isolates 
N=21 

Total 
 

N=80 

Test P-value 

Resistance 
N (%) 

Resistance 
N (%) 

Resistance 
N (%) 

Resistance 
N(%) 

  

Ampicillin 32(91.4) 23(96.8) 19(91.3) 74 ( 92.5) Fisher’s exact 
test 

0.759 

Teicoplanin 35(100) 24(100) 21(100) 80 (100) -- -- 
Gentamycin 21(60) 20(83.5) 19(91.5) 60 (80) Fisher’s exact 

test 
0.023 

Ciprofloxacin 33(97) 24(100) 20(95.5) 77( 96.2) Fisher’s exact 
test 

0.995 

Chloramphenicol 9(25.7) 10(41.6) 7(35) 26(32.5) Chi-square test 0.436 
Erythromycin 35(100) 21(91.6) 21(100) 77( 96.2) Fisher’s exact 

test 
0.376 

Linezolid 0 0 0 0 - - 

Nitrofurantoin 13(37) 8(33) 8(40) 29(38) Chi-square test 0.936 

 
Prevalence of virulence genes in VRE and 
VSE isolates  
In terms of gene encoding for potential virulence 
factors, 46.6% (n=39), 20.8% (n=18), and 86.6% 
(n= 104) of the 120 E. faecium strains were posi-
tive for esp, hyl, and acm, respectively. The distri-
bution of these virulence genes among the clini-

cal, intestine-colonizing, and environmental VRE 
and VSE isolates is shown in Table 3 and 4. 
The esp gene was found in 57.5% (n=46) of the 
VRE isolates and 25% (n=10) of the VSE iso-
lates. A significant difference in esp prevalence 
was found between the VRE and VSE isolates 
(P=0.001).  

 
Table 3: Distribution of virulence genes among VRE isolates from various sources 

 
Total 
 
N=80 (%) 

Environmental isolates 
N=21 (%) 

Intestine-colonizing 
isolates 

N=24 (%) 

Clinical isolates 
N=35 (%) 

Virulence 
genes 

46(57.5) 15(71.4) 7(29.1) 24(68.5) esp 
23(28.7) 9(42.8) 6(25) 8(22.8) hyl 
71(88.7) 20(95.2) 21(87.5) 30(85.7) acm 
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The hyl gene was found in 28.7% (n=23) of the 
VRE isolates but in only 5% (n=2) of the VSE 
isolates. A significant difference (P=0.003) in hyl 
prevalence was found between the VRE and 
VSE isolates. The acm gene was found in 88.7% 
(n=71) of the VRE isolates and 82.5% (n=33) of 
the VSE isolates. No significant difference in acm 

prevalence was found between the isolates 
(P=0.6). A significant difference in the prevalence 
of esp was found among the VRE isolates 
(P=0.003). No significant differences in hyl and 
acm positivity rates (P=0.2 and P=1, respectively) 
were found among the clinical, intestine-
colonizing, and environmental VRE isolates. 

 
Table 4: Distribution of virulence genes among VSE isolates from various sources 

 

Total 
N=40 (%) 

Environmental isolates 
N=10 (%) 

Intestine-colonizing 
N=14 (%) 

Clinical isolates 
N=16 (%) 

Virulence genes 

10(25) 1(10) 4(28.5) 5(31.2) esp 
2(5) 0(0) 1(7.1) 1(6.2) hyl 
33(82.5) 9(90) 10 (71.4) 14 (87.5) acm 

 

Discussion 
 
The prevalence of antimicrobial-resistant micro-
organisms in various healthcare settings has in-
creased dramatically in the last decade. The isola-
tion of multiple drugs resistant Enterococci 
(MDR) has become worrisome worldwide. 
Moreover, enterococcus in food of animal origin, 
municipal and hospital sewage treatment plants 
(STPs), which could persist in the ecosystem for 
a long time, is under intensive investigations, es-
pecially when these resistant pathogens could 
spread through these sources to human commu-
nity and hospital wards (19-21). 
The spread of VRE in hospitals is a serious threat 
to patient care systems because these bacteria are 
not only resistant to vancomycin but also intrin-
sically and acquisitionally resistant to a wide range 
of antibiotics. They can also serve as a potential 
reservoir of resistance genes and can transfer to 
sensitive species of enterococci and other strains 
of bacteria, including MRSA (3). The presence of 
virulence determinants in enterococci isolates is 
very important for colonization and the progress 
and persistence of infections in hospitals. A nec-
essary requirement, then, is precisely to identify 
virulence markers to determine the pathogenicity 
and severity of enterococcal disease (22).  
In this study, 80 VRE and 40 VSE isolates col-
lected from various clinical, intestine-colonizing, 
and environmental sources were evaluated for 

their antibiotic resistance patterns and the pres-
ence of esp, hyl, and acm genes. All the VRE iso-
lates carried the vanA gene and exhibited high 
vancomycin and teicoplanin MICs. This finding 
is consistent with the results of the majority of 
researches in Iran (23, 24). All the VRE isolates 
showed resistance to multiple drugs, with high 
resistance observed particularly for ampicillin 
(92.5%), ciprofloxacin (96%), and erythromycin 
(96.2%). This result also aligns with the findings 
of other studies (23-26). In all these cases, no 
significant difference in resistance was found 
among the clinical, intestine-colonizing, and envi-
ronmental isolates (P>0.05). In Iran, high levels 
of resistance to the drugs may be due to self-
medication for the treatment of various infec-
tions, the prescription of drugs by physicians not 
reviewed the results of susceptibility tests, and 
the widespread use of drug derivatives, especially 
azithromycin. In this study, 80% of the VRE 
strains showed resistance to gentamicin, with the 
highest level observed in the environmental 
(91.5%) and intestine-colonizing (84%) isolates. 
The lowest level of resistance was observed in 
the clinical isolates (60%). The previous study in 
Tehran has reported a relatively high level of re-
sistance to gentamicin among clinical isolates 
(23). We found no published reports on re-
sistance level in our study region, but the differ-
ences in results may be attributed to the differ-
ences in the treatment policies of various regions. 
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Such policies are designed based on regional re-
sistance patterns. In our study, we observed a 
relatively low level of resistance to chlorampheni-
col (32%), which may be due to its limited clinical 
use in Iran. All the isolates were resistant to 
teicoplanin, consistent with the resistance genetic 
pattern of vanA. Of all the studied VRE isolates, 
36.2% were resistant to nitrofurantoin, but re-
sistance level did not significantly differ among 
the various isolate sources. All the VRE isolates 
exhibited linezolid sensitivity, which may have 
stemmed from the fact that this drug is not used 
in the studied region. 
Among the E. faecium isolates, the most frequent-
ly identified virulence gene was acm (86.6%), fol-
lowed by esp (46.6%) and hyl (20.8%). Enterococ-
cal surface protein, coded by chromosomic esp, 
plays an important role in initial attachment of 
bacteria in the urinary tract, and the formation of 
biofilm (15). The results of this study showed 
that 46.6% of the E. faecium isolates carried the 
esp gene. This is consistent with the findings of 
another study (1), who reported the presence of 
this gene in 45.7% of E. faecium clinical isolates in 
France. Our findings contrast with other investi-
gators (8,27), who reported that the incidence 
levels of esp in E. faecium isolates were 70.9% and 
4.3%, respectively. In our study, the level of esp 
incidence in the VRE isolates was 57.5%, which 
aligns with the incidence found by other re-
searcher (44%) (28). The levels observed in our 
study were lower than those found by other stud-
ies in Iran (71.5%) (15) and China (90%) (10). As 
indicated by our results, the incidence of esp in 
the VRE isolates was significantly higher than 
that in the VSE isolates (P<0.05). This finding is 
consistent with the finding of other investigators 
(29, 30). Moreover, the number of positive esp 
genes found in the VRE isolates obtained from 
the clinical samples were significantly higher than 
those found in the VRE isolates collected from 
the intestine-colonizing sources, suggesting the 
important role of esp in enterococcal pathogene-
sis. The hyl gene in the E. faecium encodes hyalu-
ronidase; the presence of this gene is believed to 
facilitate intestinal colonization and invasion by 
bacteria (18). Various reports have been pub-

lished regarding the presence of hyl in infectious 
and colonized isolates. In the current work, the 
percentage of positive hyl in the E. faecium isolates 
was 20.8%, which is consistent with the results of 
Strateva’s report of 24.2% gene frequency in Bul-
garia (27). In the present study, hyl was found in 
28.7% of the VRE isolates, which aligns with the 
findings of other researchers (10,18, 31), who 
reported that the percentages of hyl in VRE iso-
lates were 27.5%, 17%, and 27%, respectively. 
These levels, however, were lower than that 
found (52.2%) (1). In a study in Iran (32), none 
of the E. faecium isolates carried the hyl gene, but 
this result may have been due to the author’s use 
of water as the source of the studied samples. 
Generally, a comparison of the results of studies 
conducted on various samples in different parts 
of the world shows contradictory results regard-
ing hyl incidence. Such contradiction may be as-
cribed to the diversity of studied communities 
and differences in sample sources. A significant 
difference in hyl incidence was found between the 
VRE and VSE isolates (P<0.05), consistent with 
the findings of another investigator (29). The in-
cidence of esp and hyl virulence genes was higher 
in the VRE isolates than in the VSE isolates, sug-
gesting the presence of nosocomial E. faecium 
strains. The esp and hyl genes are part of a patho-
genicity island, and their coexistence with ampicil-
lin and ciprofloxacin-resistance genes can act as a 
marker for bacteria outbreak and play a role in the 
spread of epidemic VRE isolates in hospital envi-
ronments. Additionally, no significant difference 
in hyl incidence (P=0.2) was found among the 
VRE isolates from different sources. This finding 
is consistent with the results of another investiga-
tor (29). However, some studies have shown high-
er incidences of hyl in clinical VRE isolates than in 
colonizing VRE isolates (33).  
The exact role of acm in the pathogenesis of E. 
faecium infection is unknown, but some studies 
have introduced it as a functional gene, whose 
product is one of microbial surface components 
recognizing adhesive matrix molecules (34). In 
the present research, a high level of acm incidence 
(86.6%) was observed in the E. faecium isolates, 
consistent with the results of other studies 
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(32,35), who reported incidence levels of 84.7% 
and 100%, respectively. In contrast to studies 
that reported a higher spread of acm locus genes 
in clinical isolates of multidrug-resistant E. faecium 
isolates (36), the current research found no sig-
nificant difference among the VRE isolates from 
various sources or between resistant and sensitive 
E. faecium isolates.  
 

Conclusion 
 
This study found a high prevalence of multidrug 
resistance in VRE isolates taken from different 
sources. Such prevalence is a serious challenge to 
the treatment of enterococcal infection, especially 
in hospitalized patients. The findings also reflect-
ed a relationship between the prevalence of esp 
and hyl in the VRE strains and ampicillin and 
ciprofloxacin resistance that resembles the fea-
tures hospital isolates of VRE faecium. Further 
studies are needed to definitively determine the 
association between enterococcal virulence and 
antibiotic resistance.    
      
     

Ethical considerations 
       
Ethical issues (Including plagiarism, Informed 
Consent, misconduct, data fabrication and/or 
falsification, double publication and/or submis-
sion, redundancy, etc.) have been completely ob-
served by the authors. 
 

Acknowledgements 
 
We give special thanks to Reference Laboratory 
of Ahwaz Jundishapur University of Medical Sci-
ence for friendly support. This work was sup-
ported by Tehran University of Medical Sciences, 
Tehran, Iran and performed as a part of Ph.D. 
thesis [grant no.31663]. 
 

Conflict of Interest 
 
The authors declare that they have no conflict of 
interest. 

References 
 

1. Bourdon N, Fines-Guyon M, Thiolet JM et al 
(2011). Changing trends in vancomycin-
resistant enterococci in French hospitals, 
2001-08. J Antimicrob Chemother, 66: 713-21. 

2. Orsi G, Ciorba V (2013). Vancomycin resistant 
enterococci healthcare associated infections. 
Ann Ig, 25: 485-92. 

3. Cattoir V, Leclercq R (2013). Twenty-five years 
of shared life with vancomycin-resistant 
enterococci: is it time to divorce? J Antimicrob 
Chemother, 68: 731-42. 

4. Mutters NT, Mersch-Sundermann V, Mutters R 
et al (2013). Control of the spread of 
vancomycin-resistant enterococci in hospitals: 
epidemiology and clinical relevance. Dtsch 
Arztebl Int,110: 725-31. 

5. Sujatha S, Praharaj (2012). Glycopeptide 
resistance in gram-positive cocci: a review. 
Interdiscip Perspect Infect Dis, 2012:781679. 

6. Humphreys H (2014). Controlling the spread of 
vancomycin-resistant enterococci. Is active 
screening worthwhile? J Hosp Infect, 88: 191-8. 

7. Kwon KH, Hwang SY, Moon BY et al ( 2012). 
Occurrence of antimicrobial resistance and 
virulence genes, and distribution of 
enterococcal clonal complex 17 from animals 
and human beings in Korea. J Vet Diagn Invest, 
24: 924-31. 

8. Rathnayake IU, Hargreaves M, Huygens F 
(2012). Antibiotic resistance and virulence 
traits in clinical and environmental Enterococcus 
faecalis and Enterococcus faecium isolates. Syst 
Appl Microbiol, 35: 326-33. 

9. Werner G, Fleige C, Ewert B et al (2010). High-
level ciprofloxacin resistance among hospital-
adapted Enterococcus faecium (CC17). Int J 
Antimicrob Agents,35: 119-25. 

10. Yang JX, Li T, Ning YZ et al (2015). Molecular 
characterization of resistance, virulence and 
clonality in vancomycin-resistant Enterococcus 
faecium and Enterococcus faecalis: A hospital-
based study in Beijing, China. Infect Genet Evol, 
33: 253-60. 

11. Sun H, Wang H, Xu Y et al (2012). Molecular 
characterization of vancomycin-resistant 
Enterococcus spp. clinical isolates recovered 
from hospitalized patients among several 
medical institutions in China. Diagn Microbiol 
Infect Dis,74: 399-403. 

http://ijph.tums.ac.ir/


Arshadi et al.: Virulence Determinants and Antimicrobial Resistance Patterns… 

 

Available at:    http://ijph.tums.ac.ir                                                                                                        271 

12. Biswas PP, Dey S, Sen A et al (2016). Molecular 
characterization of virulence genes in 
vancomycin-resistant and vancomycin-
sensitive enterococci. J Glob Infect Dis, 8: 16-24 

13. Comerlato CB, Resende MC, Caierão J et al 
(2013). Presence of virulence factors in 
Enterococcus faecalis and Enterococcus faecium 
susceptible and resistant to vancomycin. Mem 
Inst Oswaldo Cruz, 108: 590-5. 

14. Heidari H, Emaneini M, Dabiri H et al ( 2016). 
Virulence factors, antimicrobial resistance 
pattern and molecular analysis of 
Enterococcal strains isolated from burn 
patients. Microb Pathog, 90: 93-7. 

15. Sharifi Y, Hasani A, Ghotaslou R et al ( 2012). 
Survey of virulence determinants among 
vancomycin resistant Enterococcus faecalis and 
Enterococcus faecium isolated from clinical 
specimens of hospitalized patients of North 
west of Iran. Open Microbiol J, 6:34-39. 

16. Facklam RR, Collins MD (1989). Identification 
of Enterococcus species isolated from human 
infections by a conventional test scheme. J 
Clin Microbiol, 27: 731-4. 

17. Kariyama R, Mitsuhata R, Chow JW et al (2000). 
Simple and reliable multiplex PCR assay for 
surveillance isolates of vancomycin-resistant 
enterococci. J Clin Microbiol, 38: 3092-5. 

18. Vankerckhoven V, Van Autgaerden T, Vael C et 
al (2004). Development of a multiplex PCR 
for the detection of asa1, gelE, cylA, esp, and 
hyl genes in enterococci and survey for 
virulence determinants among European 
hospital isolates of Enterococcus faecium. J Clin 
Microbiol, 42: 4473-9. 

19. Jeddi MZ, Yunesian M, Gorji ME et al (2014). 
Microbial evaluation of fresh, minimally-
processed vegetables and bagged sprouts 
from chain supermarkets. J Health Popul 
Nutr, 32: 391-399. 

20. Shaghaghian S, Pourabbas B, Alborzi A et al 
(2012).Vancomycin-Resistant Enterococci 
colonization in chronic hemodialysis  
patients and its risk factors in southern Iran 
(2005-2006). Iran Red Crescent Med 
J,14(10):686-91 

21. Manero A, Vilanova X, Cerda`-Cue´llar M et al 
(2006). Vancomycin- and erythromycin-
resistant enterococci in a pig farm and its 
environment. Environ Microbiol, 8:667–674. 

22. de Marques EB, Suzart S (2004). Occurrence of 
virulence-associated genes in clinical 
Enterococcus faecalis strains isolated in Londrina, 
Brazil. J Med Microbiol, 53: 1069-73. 

23. Shokoohizadeh L, Mobarez AM, Zali MR et al 
(2013). High frequency distribution of 
heterogeneous vancomycin resistant 
Enterococcous faecium (VRE fm) in Iranian 
hospitals. Diagn Pathol, 8: 163. 

24. Talebi M, Sadeghi J, Pourshafie MR (2014). 
Molecular characterization of vancomycin-
resistant Enterococcus faecium isolated from 
intensive care units. Curr Microbiol, 68: 615-20. 

25. Talebi MC, Eshraghi S, Pourshafie M et al 
(2007). Characterization of vancomycin 
resistant Enterococcus faecium. Iran J Public Health, 
36: 20-5. 

26. Jahansepas A, Aghazadeh M, Ahangarzadeh 
Rezaee M et al (2018). Occurence of 
Enterococcus faecalis and Enterococcus faecium in 
various Clinical infections:Detection of their 
Drug Resistance and Virulence determinants. 
Microb Drug Resist, 24(1):76-82. 

27. Strateva T, Atanasova D, Savov E et al (2016). 
Incidence of virulence determinants in clinical 
Enterococcus faecalis and Enterococcus faecium 
isolates collected in Bulgaria. Braz J Infect Dis, 
20: 127-33. 

28. Khan MA, Van Der Wal M, Farrell DJ et al 
(2008). Analysis of vanA vancomycin-
resistant Enterococcus faecium isolates from Saudi 
Arabian hospitals reveals the presence of 
clonal cluster 17 and two new Tn1546 lineage 
types. J Antimicrob Chemother, 62: 279-83. 

29. Kang M, Xie Y, He C et al (2014). Molecular 
characteristics of vancomycin-resistant 
Enterococcus faecium from a tertiary care hospital 
in Chengdu, China: molecular characteristics 
of VRE in China. Eur J Clin Microbiol Infect 
Dis,33: 933-9. 

30. Al Talib H, Zuraina N, Kamarudin B, Yean 
CY(2015) .Genotypic variations of virulent 
genes in Enterococcus faecium and Enterococcus 
faecalis isolated from three hospitals in 
Malaysia. Adv Clin Exp Med, 24: 121-127. 

31. Brilliantova AN, Kliasova GA, Mironova AV et 
al (2010). Spread of vancomycin-resistant 
Enterococcus faecium in two haematological 
centres in Russia. Int J Antimicrob Agents, 35: 
177-81. 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 47, No.2, Feb 2018, pp. 264-272  

 

272                                                                                                        Available at:    http://ijph.tums.ac.ir  

32. Enayati M, Sadeghi J, Nahaei MR et al (2015). 
Virulence and antimicrobial resistance of 
Enterococcus faecium isolated from water 
samples. Lett Appl Microbiol, 61: 339-45. 

33. Valdezate S, Miranda C, Navarro A et al (2012). 
Clonal outbreak of ST17 multidrug-resistant 
Enterococcus faecium harbouring an Inc18-like: 
Tn1546 plasmid in a haemo-oncology ward 
of a Spanish hospital. J Antimicrob Chemother, 
67: 832-6. 

34. Nallapareddy SR, Weinstock GM, Murray BE 
(2003).Clinical isolates of Enterococcus faecium 

exhibit strain‐specific collagen binding 
mediated by Acm, a new member of the 

MSCRAMM family. Mol Microbiol, 47: 1733-
47. 

35. Soheili S, Ghafourian S, Sekawi Z et al (2014). 
Wide distribution of virulence genes among 
Enterococcus faecium and Enterococcus faecalis 
clinical isolates. ScientificWorldJournal, 
2014:623174. 

36. Nallapareddy SR, Singh KV, Okhuysen PC et al 
(2008). A functional collagen adhesin gene, 
acm, in clinical isolates of Enterococcus faecium 
correlates with the recent success of this 
emerging nosocomial pathogen. Infect Immun, 
76: 4110-9. 

 

 
 
 

 

http://ijph.tums.ac.ir/

