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Abstract- This study investigated the antibacterial resistance among enterococci isolated in Tehran hospi-

tals. A total of 277 Enterococcus faecalis, 123 Enterococcus faecium and 13 isolates of other enterococcal 

strains were collected from 1 March 2002 to 15 April 2004 from three teaching hospitals of Tehran Univer-

sity of Medical Sciences. The minimum inhibitory concentrations (MIC) of tested antibiotics were deter-

mined by agar dilution method. Susceptible and resistant isolates were defined according to the species-

related MIC breakpoints of the Clinical and Laboratory Standards Institute (CLSI) guidelines. Sixty- three 

percent of isolates were resistant to rifampicin (MIC90 64 µg/ml), 44% to ciprofloxacin (MIC90 16≤ µg/ml), 

43% to erythromycin (MIC90 512 µg/ml), 32% to cefazolin (MIC90 256≤ µg/ml), 25% to penicillin (MIC90 32 

µg/ml), 21% to ampicillin (MIC90 128≤ µg/ml), 8% to vancomycin (MIC90 ≤ 8 µg/ml), and 8% to teicoplanin 

(MIC90 16≤ µg/ml). All of the vancomycin-resistant strains carried the vanA phenotype and genotype. High 

level resistance to gentamicin and streptomycin were found in 52% and 83% of the isolates, respectively. The 

results indicated that a significant percentage of isolates are resistance to different antibiotics, pointing out the 

need for control strategies to avoid dissemination of resistant isolates and for continuous surveillance for the 

detection of emerging resistance traits.  
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Introduction  
 
Enterococci are part of the normal flora of gastrointesti-
nal and genital tract and anterior urethra of humans, and 
for years have been considered no significant pathogen 
but recent studies have shown that enterococci have 
emerged as nosocomial pathogens in Iran as throughout 
the world (1-4).  
More than a dozen species of enterococci are currently 
recognized but 85-95% of enterococcal infections are 
caused by Enterococcus faecalis and 5-10% caused by 
Enterococcus faecium (1, 2). Enterococcus species are 
intrinsically resistant to many antimicrobial agents in-
cluding β-lactams and low level resistance to aminogly-
cosides (1, 5, 6). 
They have a great capacity to acquire resistance to other 
antimicrobial agents including high-level resistance to 
aminoglycosides and glycopeptides (1, 5). Of great con-

cern is the emergence of resistance to vancomycin, es-
pecially in E. faecium.  Vancomycin resistant entero-
cocci (VRE) have been reported from many countries (2, 
5, 7).  
Increasing resistance to antibiotics among enterococcal 
isolates reduce the choices of antibiotics available to 
treat infections caused by them (5). Despite the sporadic 
reports of VRE isolation from Iranian medical centers 
(3, 4) the prevalence of VRE in Iranian hospitals was 
unknown justifying a need to investigate enterococci 
isolated from clinical samples in Iran for resistance to 
vancomycin and other antibiotics. As the first step to 
generation of data concerning the prevalence of antibi-
otic resistance in general and resistance to vancomycin 
in particular, in Iran, enterococci isolated from the uri-
nary tract samples at three teaching hospitals in Tehran 
were studied for possible resistance to vancomycin, and 
other antibiotics.   
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Patients and Methods 
 
Bacterial strains 

A total of 423 isolates of enterococci were collected 
from urine specimen from different patients from three 
Tehran University of Medical Sciences teaching hospi-
tals from 1 March 2002 to 15 April 2004. 

Enterococci were identified by gram staining, colony 
morphology, catalase reaction, growth on bile esculin 
agar and in 6.5% NaCl broth, and presence of pyrroli-
donyl arylamidase. Species-level identification was per-
formed by formation of acid in mannitol, sorbitol, su-
crose, arabinose, raffinose, pyruvate and sorbose broth, 
pigmentation, motility, growth on tellurite agar, and 
arginine hydrolysis. 

  
Antimicrobial susceptibility tests 

The minimum inhibitory concentrations (MIC) were 
determined by agar dilution method according to Clini-
cal and Laboratory Standards Institute (CLSI) guidelines 
(9). The antimicrobial agents tested were erythromycin, 
gentamicin, streptomycin and vancomycin (Sigma, 
Germany), ampicillin, ciprofloxacin and teicoplanin 
(ADATAB, Mast, England) penicillin and rifampin 
(Merck, Germany).  E. faecalis ATCC 29212 was used 
as control.  
 

Detection of van determinants 
Vancomycin-resistance genes (vanA and vanB) were 

targeted by multiplex PCR using previously designed 
primers (10). PCR reactions were performed in a 25 µL 
volume comprising: 1X PCR buffer, 2.5 mM MgCl2, 
0.3µg/ml of each primer, 2.5 U Taq DNA polymerase, 
0.2 mM dNTP Mix, and 5µL of DNA template (10 
µg/ml). The PCR conditions included a pre-denaturation 
step at 94ºC for 5 min, followed by 30 cycles of 45 sec 
at 94ºC, 45 sec at 54ºC and 45 sec at 72ºC. A final ex-
tension step was performed at 72ºC for 5 min. Amplified 
products were analyzed by electrophoresis on 1.5 % 
agarose gel. DNA bands were visualized by staining 
with ethidium bromide and photographed under UV 
illumination. E. faecalis E206 (vanA positive) and E. 
faecium (vanB positive), (kindly provided by Dr. Edet 
Udo) were used as control strains. 
 
Results 
 
Of the 423 enterococci isolates, 277 (66%) were E. fae-
calis, 123 (29%)  E. faecium and 23 (5 %) other entero-
coccal species including E. hirae, E. durans and E. 
avium. 

The resistance rates and MIC of E. faecalis and E. 
faecium and the overall resistance rates of all Entero-
coccus spp are shown in Table 1.  

 

Table 1. MIC distribution of Enterococcal isolates 

Number of isolates with indicated MIC (µg/mL) Organism 
(No.) Antibiotic ≤1 2 4 8 ≤ 32 64 128 256 512 1024≤ %R 

Ampicillin - - 229 0 21 2 11 10 4 - - 15 
Cefazolin - - 92 76 25 17 31 13 23 - - 30 
Ciprofloxacin - 173 50 25 29 - - - - - - 37 
Erythromycin 148 10 12 5 9 0 12 5 20 40 16 39 
Penicillin - 56 165 2 32 16 6 0 - - - 19 
Rifampicin 117 0 15 33 25 44 22 21 - - - 58 
Vancomycin - 205 10 56 0 0 0 3 1 2 - 2 

E. faecalis 
(277) 

Teicoplanin - 248 11 7 5 3 1 2 - - - 2 
Ampicillin - - 70 0 3 4 7 23 16 - - 43 
Cefazolin - - 38 19 7 6 10 17 26 - - 48 
Ciprofloxacin - 52 26 31 14 - - - - - - 58 
Erythromycin 34 6 7 3 5 4 1 12 12 20 19 58.8 
Penicillin - 36 40 3 12 25 6 1 - - - 40.2 
Rifampicin 32 0 5 16 18 22 14 16 - - - 74 
Vancomycin - 72 7 12 4 0 0 9 6 10 3 23 

E. faecium 
(123) 

Teicoplanin - 84 2 9 0 2 7 12 7 - - 23 
Ampicillin   307 0 24 6 20 36 20 - - 21 
Cefazolin - - 138 103 38 25 28 32 49 - - 32 
Ciprofloxacin  230 81 58 44 - - - - - - 44 
Erythromycin 199 18 20 9 15 2 4 13 33 62 38 43 
Penicillin - 95 207 7 47 44 12 1 - - - 25 
Rifampicin 154 0 22 50 44 67 38 38 - - - 63 
Vancomycin - 272 25 78 4 0 0 12 7 12 3 8 

All Enterococci 
(413) 

Teicoplanin - 352 0 20 7 5 8 14 7 - - 8 
MIC50, bold,  MIC90,underlined 
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Table 2. The aminoglycoside MIC distribution of enterococcal isolates 

Number of isolates with indicated MIC (µg/mL) Organism 

(No.) Antibiotic ≤125 250 500 1000 2000 4000≤ %R 

Gentamicin 17 20 115 33 62 30 45 
E. faecalis (277) 

Streptomycin 6 7 9 12 20 223 83 

Gentamicin 6 7 26 19 31 34 68 
E. faecium (123) 

Streptomycin 0 2 3 3 4 111 90 

Gentamicin 25 28 146 55 94 65 52 All Enterococci 

(413) Streptomycin 9 9 13 16 25 341 83 

MIC50, bold ,  MIC90,underlined 

 

 

The results show that 106 isolates including 53 E. 
faecium, 43 of E. faecalis, and 12 isolates out of other 
enterococcal species were resistant to ampicillin with  an 
MIC of  16–256µg/ml. Resistance to rifampicin (63%), 
ciprofloxacin (44%), erythromycin (43%), cefazolin 
(32%) and penicillin (25%) were prevalent but only 34 
(8%) isolates were resistant to vancomycin and tei-
coplanin. All VRE isolates carried the vanA gene and 
their MIC values for vancomycin were 128-1024 
µg/mL. 

High-level resistance (HLR) to the aminoglycosides 
gentamicin (MIC >500 µg/mL) and streptomycin (MIC 
>2000 µg/Ml) were detected in 52% and 83 % of en-
terococcal isolates. HLR to the aminoglycosides was 
more common in E. faecium than in E. faecalis (Table 
2).  
 
Discussion 
 
Despite the fact that enterococci have been considered to 
have a relatively low virulence, in the past few years 
these organisms, among all nosocomial pathogens, have 
emerged as a significant concern. VRE may cause a 
range of infections associated with high mortality espe-
cially in VRE bacteremia (11, 12). VRE are often con-
comitantly resistant to multiple antimicrobial classes. 
Increasing HLR to penicillin, ampicillin, and aminogly-
cosides has been documented in recent years, particu-
larly in strains of vancomycin-resistant E. faecium (13). 
This study investigated the prevalence of antibiotic re-
sistance in enterococci isolated from urine samples at 
three teaching hospitals in Tehran.   

The enterococcal isolates possess an intrinsically 
relative resistance to penicillin and ampicillin (1). Fur-
thermore, E. faecium is less susceptible to β-lactam 
agents than E. faecalis because their penicillin-binding 
proteins (PBPs) have lower affinities for these antibiot-
ics and some strains have plasmid-encoded β-lactamase 
(14,15). In our study, the 15% resistance rate to ampicil-

lin in E. faecalis isolates was higher than the 1-12% re-
sistance rates reported in Lebanon, Kuwait, Turkey, and 
Brazil (15-18). However, the 43% resistance rate to am-
picillin in E. faecium isolates was lower than the 47–
100% rates reported from Kuwait and Turkey (16, 17).   

Of the 413 isolates 63, 44 and 43 % were resistant to 
rifampicin, ciprofloxacin, and erythromycin respectively 
which were higher than the levels reported for these an-
tibiotics among enterococci isolated in the Brazil and 
India and similar to Kuwait hospitals (5, 18, 19). 

HLR to streptomycin and gentamicin due to ami-
noglycoside modifying enzymes (AME) is possibly one 
of the fastest spreading phenotypes of resistance among 
enterococci (20). In the present study, high-level gen-
tamicin resistance was 52%, and high-level streptomycin 
resistance was 83%. These results are similar to those 
from Kuwait and another report from Iran (21, 22) and 
higher than Turkey (17). However, other studies indi-
cated variable percentages of high-level aminoglycoside 
resistance (7, 23). 

The 8% rate of VRE prevalence in the present study 
is in agreement with reports of VRE prevalence (7%) in 
Tehran (3, 4). In addition, presence of alarmingly high 
rate of vancomycin resistance in Iran is in sharp contrast 
with studies from other countries in the Middle East, 
where low incidence (0-1%) of VRE has been reported ( 
15, 16). Despite the recent isolation of an enterococcal 
strain with a single vanB genotype from a Tehran hospi-
tal (24), the finding that all VREs isolated in this inves-
tigation had vanA genotype illustrates that vanA geno-
type is the predominant type of enterococcal vancomy-
cin resistance in Iran, as reported in other countries (2 ,7, 
16). In conclusion, multidrug resistant enterococcal 
strains, in particular E. faecalis and E. faecium, cause 
serious problems in the treatment of patients with en-
terococcal infections due to inappropriate use of antibi-
otics. The emergence of resistance to major antibiotic 
classes such as β-lactams and aminoglycosides empha-
sizes the necessity for use of new drugs. 
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