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ABSTRACT
Introduction: Enterococci are opportunistic pathogens which represent one of the leading agents of 

nosocomial infections, especially urinary tract infections (UTI) in hospitalized patients. The aim of the 
present study was to determine the resistance pattern and the type of resistance genes in vancomycin-
resistant Enterococcus isolated from an educational hospital in Iran.

Materials and methods: From February 2012 till February 2013, one hundred and eighty six clini-
cal isolates from different department of educational hospitals were collected and identified as Entero-
cocci and specified by biochemical tests. Identification was confirmed by specific PCR. Antibiotic resis-
tance properties of strains were examined by Kerby-bauer method. PCR was performed for ddlE, ddlF, 
vanA and vanB genes.

Results: One hundred and six (57%) isolates were identified as E. faecalis and 80 (43%) of the iso-
lates were identified as E. faecium. 24 isolates had vanA gene and 19 isolates had vanB genes. In E. 
faecalis isolates, 15 isolates had vanB and 4 isolates had vanA gene. In E. faecium isolates, 20 isolates 
had vanA and 4 isolates had vanB gene. Prevalence of van genes between E. faecalis and E. faecium 
were significantly different for both vanA and vanB (p<0.01, p<0.041, respectively). VRE isolates were 
sensitive to Linezolid, Nitrofurantoin and Tigecyclin.

Discussion: The overall prevalence of VRE was 23.65%, which shows an increase in VRE isolation in 
our region. Also, prevalence of E. faecium dramatically increased from 9% to 43% in the present study. 
Also increase in Gentamicin resistant isolates observed, but VRE isolates were sensitive to Linezolid, 
Tigecyclin and Nitrofurantoin. Stewardships for antibiotic usage in hospitals, especially for last option 
antibiotics, can prevent the spread of resistant isolates and losing all treatment options in the future.
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INTRODUCTION

Enterococci are Gram positive bacteria 
that are part of the normal intestinal 
flora of most humans (1). In the last 2 
decades, several reports have docu-
mented that the two most important 

species, Enterococcus faecalis and Entero coccus 
faecium, are among the leading cause of sev-
eral human infections, including bacteremia, 
septicemia, endocarditis, urinary tract infec-
tions, wound infections, neonatal sepsis and 
meningitis (2,3). In addition, the emergence of 
high-level aminoglycoside-resistant (HLAR) en-
terococci and vancomycin-resistant enterococ-
ci (VRE) causes great difficulties in clinical anti-
infective therapy (4-6). The first VRE isolates 
were isolated in the UK and France in 1988 
(7,8), because of rapid spread and limited op-
tions for VRE, these isolates has emerged as 
one of the most significant nosocomial patho-
gens worldwide, associated with high-level 
morbidity and mortality (9).

The mechanism of Vancomycin resistance 
in Enterococci is well understood. There are 
nine Vancomycin resistance containing van A, 
B, C, D, E,G, L, M, and vanN that vanA is the 
most predominant type worldwide (10-12). 
vanA confers a high degree of vancomycin and 
teicoplanin resistance and is mainly associated 
with vancomycin resistant Enterococcus faeci-
um (13). vanB confers a high degree of vanco-
mycin but susceptibility to other glycopeptides 
like teicoplanin since only the former antibiotic 
is capable of inducing the vanB resistance type 
(14). In this hospital-based study, a total num-
ber of 186 isolates collected from different de-
partments of an educational hospital and iden-
tified to investigate the prevalence and 
anti microbial resistance to antibiotics other 
than vancomycin to provide evidence for con-
trolling inappropriate clinical use of antimicro-
bial agents and the further antimicrobial strate-
gies for controlling enterococcal infections. 

MATERIAL AND METHOD

Sample collection and identification

One hundred and eighty six clinical isolates 
from different department of educational hos-
pitals were collected and identified as Entero-
cocci and specified by biochemical tests (12). 
Identification was confirmed by specific PCR 
for Enterococcus faecium and Enterococcus fae-

calis (15,16). Antibiotic resistance properties of 
strains were examined by Kerby-bauer method 
according to CLSI M100-S22 guideline 2012 
(17), Antibiotic Discs were provided by Mast 
Group LTD (United Kingdom) and Staphylo-
coccus aureus ATCC 25923 was used as Qual-
ity control for Disc diffusion.

DNA extraction

DNA extraction was done by CinnapureTM 
DNA extraction kit (Cinnagen, Iran). Bacterial 
pellet was resuspended in 100 μl G+ pre lysis 
buffer and was added 20 μl lysosyme and incu-
bated at 37°C for at least 30 min. After adding 
lysis buffer and precipitation solution, the solu-
tion was transferred to a spin column and after 
washing the spin, DNA was eluted by elution 
buffer in 65°C (18,19).

Genomic PCR

PCR was performed in 25 μl volumes that 
contained 20-200 ng DNA, 0.5 μM of specific 
primers for E. faecalis (ddlE1:ATCAAGTACAGT
TAGTCTTTATTAG, ddlE2: ACGATTCAAAGC-
TAACTGAATCAGT) (20) E. faecium (ddlF1: TT-
GAGGCAGACCAGATTGACG, ddlF2: TATGA-
CAGCGACTCCGATTCC) (21) and for vanA 
(vAF: AATACTGTTTGGGGGTTGCTC, vAR: 
TTTTTCCGGCTCGACTTCCT)(22), vanB (vBF: 
GCGGGGAGGATGGTGCGATACAG, vBR: 
GGAAGATACCGTGGCTCAAAC) (22) with 1.5 
mM MgCl2, 200 μM of each dNTP, 1X PCR 
buffer and 2 U DNA polymerase (Cinnage, 
Iran). DNA was amplified by general PCR. An 
initial denaturation of 10 min at 94°C was fol-
lowed by 35 cycles of denaturation at 94°C (1 
min), annealing at 58°C for 1 min and exten-
sion at 72°C for 1 min, followed by a final ex-
tention at 72°C for 10 min. product length 
were 941bp for E. faecalis, 658 bp for E. faeci-
um, 734bp for vanA and 420 bp for vanB. Posi-
tive controls for PCR were E. faecalis MMH594, 
E. faecium C38 and E. faecium ATCC 51559 
(vanA) and E. faecalis ATCC 51299 (vanB). Neg-
ative controls consisted of the PCR components 
of the reaction mixtures lacking Enterococci 
DNA. PCR products were electrophoreses in 
1.5% agarose gels and after staining with 0.5μg/
ml ethidium bromide visualized under UV 
light. The size of the fragments was determined 
by comparing with 100 bp DNA ladder plus 
size marker (Fermentas, Germany).
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DISCUSSION

Vancomycin-resistant enterococci have 
been increasingly reported worldwide 

since first described in 1987, although the epi-
demiology of these microorganisms varies 
widely in different geographical areas (23). In 
the present study the overall prevalence of VRE 
was 44/186 (23.65%) (Figure 2), which Vanco-
mycin resistant E. faecalis were 17/106 (16.03%) 
(Figure 3) and in E. faecium were 27/80 
(33.75%) (Figure 4). This was consistent with 

Statistical analysis 

Chi-square test (or Fisher exact test) was 
per formed for data analysis. P values below 
0.05 were considered to be significant. Statisti-
cal analysis was done by SPSS. 21 software. 

RESULTS

From February 2012 till February 2013, One 
hundred and eighty six isolates of Entero-

cocci were collected from an educational hos-
pital and were characterized for their type and 
species and antibiotic resistance properties. All 
isolates were examined for presence of van 
genes. One hundred and eleven isolates 
(59.67%) were from female patients and se-
venty five isolates (40.32%) were from male 
patients. The origins of the isolates were one 
hundred forty nine urine (80.1%), twenty 
wounds (10.75%), six bloods (3.2%), four 
phlegms (2.15%), three stools (1.61%), two as-
its (1.07%) and two tracheas (1.07%). By bio-
chemical tests and PCR, 106 (57%) isolates 
identified as E. faecalis and 80 (43%) of isolates 
were E. faecium (Figure 1). Pattern of antibiotic 
resistance of isolates are presented in Figure 2 
(for total isolates), Figure 3 (for E. faecalis) and 
Figure 4 (for E. faecium). PCR for detecting 
vanA and vanB genes was done for all isolates 
(Figure 5) which 24 isolates had vanA gene and 
19 isolates had vanB genes. In E. faecalis iso-
lates, 15 isolates (14.15%) had vanB and 4 iso-
lates (3.7%) had vanA gene. In E. faecium iso-
lates 20 isolates (25%) had vanA and 4 isolates 
(5%) had vanB gene. Prevalence of van genes 
between E. faecalis and E. faecium were signifi-
cantly different for both vanA and vanB 
(p<0.01, p<0.041, respectively). Pattern of 
antibiotic resistance in isolates possess van 
genes are presented in Table 1, which shows 
the susceptibility of these isolates to Gentami-
cin, Linezolid, Nitrofurantoin and Tigecyclin. 


FIGURE 1. Gel electrophoresis for PCR product of isolates 
identification. Enterococcus faecalis (left gel) and Enterococcus 
faecium (right gel).

FIGURE 2. Antibiotic resistance of all Enterococci isolate collected in 
this study based on disc diffusion. Concentartion of disc presented 
after antibiotic names.

TABLE 1. Pattern of Antibiotic resistance in isolates have van genes.

Gentamicin Linezolid Nitrofurantoin Tigecyclin

Resistance Sensitive Resistance Sensitive Resistance Sensitive Resistance Sensitive

E. faecalis vanA 1(25%) 3(75%) 4(100%) 0 2(50%) 2(50%) 0 4(100%)
vanB 8(53.33%) 7(46.66%) 0 15(100%) 5(33.33%) 10(66.66%) 1(6.66%) 14(93.33%)

E.faecium vanA 16(80%) 4(20%) 0 20(100%) 13(65%) 7(35%) 3(15%) 17(85%)
vanB 4(100%) 0 0 4(100%) 4(100%) 0 0 4(100%)
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Ethiopia (5.5%) (26) and Tehran-Iran (9.5%) 
(27). Comparing results of the present study 
with the earlier studies in Iran showed an in-
crease in VRE isolation from 10-15% to 23.65% 
(27, 28), also, prevalence of E. faecium dramat-
ically increased from 9% (27) or 19.8 % (28) to 
43% in the present study. This high prevalence 
of E. faecium in our study can be the main rea-
son of high VRE isolation at our investigated 
hospital. Of the 44 VRE isolates, in 43 isolates 
one of vanA or vanB genes were detected and 
in one isolate we couldn’t find resistance relat-
ed gene. Resistance in this isolate can be due to 
thicker cell wall production or other resistance 
mechanisms. Also vanA and vanB genes preva-
lence was significantly different between E. fae-
cium and E. faecalis isolates, vanA was domi-
nant resistance gene in E. faecium and vanB 
was dominant in E. faecalis. Although a high 
per centage of resistance against tetracycline 
(87.6%) and Ciprofloxacin (83.3%) (Figure 3) 
observed in E. faecalis isolates (p<0.05), no 
other significant difference observed between 
E. faecalis and E. faecium isolates. High percen-
tage of resistance against Gentamicin (E. faeca-
lis: 87.7%, E. faecium: 83.7%, Total: 86%) and 
Erythromycin (E. faecalis: 65%, E. faecium: 
96.25%, Total: 78.5%) observed in isolates (Fi-
gure 1, 2 and 3). This high percentage of resis-
tance was in agreement with recent studies in 
cross-sectional studies in Ethiopia and Egypt 
(24, 26) but it was higher than other recent 
studies in the same region of our study with 
Tehran (41.66%) (27), Tabriz (32.43%) (28), Ta-
briz (36.2%) (29). These results indicate a high 
increase in Gentamicin resistant isolates that 
reduces treatment options for enterococci. The 
same pattern of resistance was found in isolates 
possess van genes (Table 1), but fortunately the 
results for Linezolid and Tigecyclin showed no 
resistance to these antibiotics in VRE isolates 
(Table 1). Although 66.6% of E. faecalis vanA 
positive isolates were resistant to Nitrofuranto-
in, but other VRE isolates were sensitive to this 
antibiotic. This result introduces Nitrofurantoin 
for treating Urinary tract infections by VRE. 

CONCLUSION

Finding of this study shows increase preva-
lence of VRE isolates in Iran associated with 

increase in E. faecium isolation from hospitals. 
Also dramatically increase in Gentamicin resis-
tance isolates observed, but VRE isolates were reports from Egypt with 25% VRE isolation (24) 

and lower than reports from Korea (4.5%) (25), 

FIGURE 3. Antibiotic resistance of Enterococcus faecalis isolates 
based on disc diffusion. Concentration of disc presented after 
antibiotic names.

FIGURE 4. Antibiotic resistance of Enterococcus faecium isolates 
based on disc diffusion. Concentartion of disc presented after 
antibiotic names.

FIGURE 5. Gel electrophoresis of vanB(left) and vanA(right) PCR 
products in 0.8% Agarose gel.
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hospitals, especially for last option antibiotics, 
can prevent the spread of resistant isolates and 
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