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Abstract- Bacterial resistance to antibiotics is a serioudlem and is increasing in prevalence world-wide
at an alarming rate. The antimicrobial susceptibitiatterns of 1897 gram-positive bacterial Isadateere
evaluated. The minimum inhibitory concentration QYllof isolates which compriseéflaphylococcus aureus
(927 isolates), coagulase-negative staphylococciS(CARS5 isolates)Enterococcus faecalis (320 isolates),
Enterococcus faecium (157 isolates), and pneumococci (50 isolateskectdd from 3 teaching hospitals in
Tehran were determined by agar dilution method ratieg to Clinical and Laboratory Standards Institute
(CLSI) guidelines. The presencernécA gene was investigated in methicillin-resistanpbtdococci by PCR
method and/anA andvanB genes were targeted in enterococcal isolates byiple PCR method. The re-
sistance rate to methicillin amo®gaureus and CNS isolates were 33% and 49%, respectivelyS.Alreus
isolates were susceptible to vancomycin .The lowagst of resistance in &l aureus isolates was found for
rifampicin (<4%). The vancomycin resistance ratetierococci isolates was 11% which was more fretque
amongE. faecium (19%) thanE. faecalis (4%), all resistant isolates carryimgnA. High-level resistance to
gentamicin and streptomycin, were detected in 4A% &% of enterococcal isolates respectively. Hie r
of penicillin resistance in pneumococci was 3% ahdut 27% of isolates had reduced susceptibilifyetioi-
cillin. The prevalence of erythromycin resistantcenmm pneumococci was 58%. All pneumococcal isolates
were susceptible to ceftriaxone, rifampicin andoaanycin. Our data highlight the importance of asces
updated bacterial susceptibility data regardingrmooamly prescribed agents for clinicians in Iran.
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Introduction tance in staphylococci, glycopeptides resistancerin
terococci andStreptococcus pneumoniae resistant to
Gram-positive cocci still predominate as a cause of penicillins are recognized as global problems vsithi-
nosocomial- and community-acquired infections. ous implications at the clinical level (2). The whatic
Staphylococcus aureus is the most common cause of reduction of therapeutic options to treat patienfiscted
wound infections, whereas coagulase-negative staphy with these microorganisms is of great concern.
cocci (CNS) is the most common in nosocomial blood Regards to this situation there is an agreed need fo
stream infections. Enterococci has appeared asabe more effective surveillance of resistance. In depet
ond or third most commonly isolated organisms from countries, nationwide surveillance programs sucthas
nosocomial infections. In community-acquired infec- National Nosocomial Infections Surveillance (NNIS)
tions, one of the most important agents is pneucmco System monitor the antimicrobial resistance pasterh
as a common cause of upper (sinusitis, otitis njeatid bacterial pathoger(®). Unfortunately, in many parts of
lower (pneumonia) respiratory tract infections, teee- the world, including Iran, such national surveitian
mia, meningitis and other suppurative infectiony. (1 Programs are absent and information regarding the a

Furthermore, antimicrobial resistance in gram-pesit  timicrobial susceptibility patterns of pathogensdsirce.
cocci in particular the emergence of methicillirsise Epidemiological studies have demonstrated that data
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regarding susceptibility patterns of bacteria frargeo-
graphical region are essential for controlling theal
spread of bacterial resistance as well as prevgntia
spread of resistance in a geographical regionMdye-
over, updated bacterial susceptibility data ardiqar
larly crucial to physicians and infection contrabgti-
tioners in countries such as Iran where over-theter
antimicrobial consumption and abuse of prescrib@d a
biotics are widespread . In this study we assetised
antimicrobial susceptibility profiles of gram-pagé
cocci isolates from patients in teaching Hospiial3e-
hran, Iran.

Patients and Methods

Patient specimens and bacterial strains

A total of 1897 isolates were taken from patientsow
were admitted to three teaching hospitals of Tehran
University of Medical Sciences. All bacterial is@a
were identified in the department of Microbiologsging
standard biochemical methods (5, 6). Staphylococci
were identified by Grams stain and coagulase ts#tg
rabbit plasma.Streptococcus pneumoniae strains were
characterized on the basis of bile solubility aptbchin
susceptibility. Enterococci were identified by hgiysis

of esculin in the presence of bile and by growt.B%
NaCl. The enterococcal species was identified byilmot
ity test, arginine decarboxylation in Moeller ddmaxy-
lase media, pyruvate utilization, and fermentatimhn
carbohydrates (Arabinose, Raffinose , Mannitol, Ri-
bose).

Antimicrobial susceptibility testing

The minimum inhibitory concentrations (MIC) and
determination of MIC breakpoints performed according
to the Clinical and Laboratory Standards Institute
(CLSI) guidelines (7), by using agar dilution method
MICs of oxacillin were determined on Mueller-Hinton
agar supplemented with 2% NaCl. Plates were inocu-
lated with 16 CFU/spot and incubated for 24 h at 35°C.
The antimicrobial evaluated were ampicillin, cipoof
acin, ceftriaxone, erythromycin, gentamicin, pdhigi
rifampicin, streptomycin, teicoplanin, and vancoinyc
The antimicrobial agents were obtained from thiofo!
ing manufacturers: vancomycin, oxacillin and stoept
mycin from Sigma Chemical Co. (Steinheim, Germany),
teicoplanin, erythromycin, ceftriaxone, and gent@mi
from Mast Group Ltd (Merseyside, UK), and peniailli
G and rifampicin from Merck (Darmstadt, Germany).

Quality control strains include&. aureus ATCC
29213, E. faecalis ATCC 29212, andS. pneumoniae
strain ATCC 49619.
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Since ciprofloxacin CLSI interpretive categories do
not exist forS pneumoniae, we used the MIC of4
pa/ml, which have been used in other studies, as th
criterion for categorizing isolates as having retic
ciprofloxacin susceptibility (8).

All antimicrobial susceptibility results were rowsdl
down if they were <0.5, and were presented as whole
numbers if they were0.5.

Detection ofmecA, vanA, andvanB Genes

The mecA gene was detected by a PCR-based
method, using a set of previously designed prini@ys
All enterococci with vancomycin MICs >4 pg/ml
were evaluated fovanA andvanB genes by multiplex-
PCR.

E. faecalis E206 {fanA positive), E. faecium E2781
(vanB positive), courtesy of Dr. Edet Udmd methicil-
lin-resistantS. aureus ATCC 43300 were used as control
strains.

Results

In total, 1897 clinical strains of gram-positigecci in-
clude 927 isolates @& aureus, 425 isolates of CNS, 495
isolates of Enterococcus Spp and 50 isolatesSof
pneumoniae were evaluated in this study.

Resistance pattern

The antimicrobial susceptibility patterns of stajohy
cocci species are summarized in Table 1.

The prevalence of resistance to oxacillin was 38 %
S aureus isolates and 49% in CNS isolates. These iso-
lates were confirmed as methicillin resistant biedgon
of themecA gene.

High rates of resistance in MRSA isolates were
found with erythromycin (73%), gentamicin (67%) and
ciprofloxacin (51%). Resistance rate for rifampigias
7 %. In methicillin susceptibleS. aureus (MSSA)
strains, 65% and 88% of isolates were susceptible t
erythromycin and gentamicin, respectively. No vanco
mycin-intermediateS aureus isolates were detected
(MICgp <2 pg/mL.

The lowest percentage of susceptibility amongst
CNS isolates was observed in methicillin (51%) and
erythromycin (58%) followed by ciprofloxacin (89%)
and gentamicin (80 %). All CNS isolates were suseept
ble to vancomycin.

Of 495 enterococci isolates, 320 (67%) wErdae-
calis, 157 (32%) wereE. faecium and 18 (3 %) were
other enterococcal species incluBe mundtii and E.
durans.



Tablel.MIC distribution of staphylococcal isolates
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% of isolates

Organism (N) Antibiotic Break point MIC (ug/mL)
Range 50% 90% R
Ciprofloxacin >4 <1-16 8 16 51
Erythromycin >8 <4-1024 512 512 73
Gentamicin >8 <8-51% 128 512 67
MRSA (310) Rifampicin >4 <1-12& 1 1 7
Vancomycin >32 <0.5-2 1 2 0
Oxacillin >4 8-1024 128 512 100
Ciprofloxacin >4 <1-16< 0.5 1 4
Erythromycin >8 <4-1024 8 8 35
Gentamicin >8 <8-512< 4 128 12
MSSA (617) Rifampicin >4 <1-128< 0.5 1 1
Vancomycin >32 <0.5-2 0.5 1 0
Oxacillin >4 <0.25-2 0.5 0.5 0
Ciprofloxacin >4 <1-16< 1 16 11
Erythromycin >8 <4-1024 4 512 42
Gentamicin >8 <8-512< 8 64 20
CNS (425) Rifampicin >4 <1-128< 1 1 6
Vancomycin >32 <0.5-2 1 2 0
Oxacillin >05 <0.25-1024& 0.25 256 49
Table 2.MIC distribution of enterococcal isolates
% of isolates
Organism (N) Antibiotic Break point MIC (ug/mL)
Range 50% 90% R
Ampicillin >16 <4-256 4 16 9
Ciprofloxacin >4 <2-16& 2 8 36
Erythromycin >8 <1-1024 1 512 37
Penicillin >16 <2-6& 4 4 9
E. faecalis (320) Rifampicin >4 <1-12& 8 64 57
Gentamicin > 500 <125-4000< 500 > 4000 42
Streptomycin > 2000 <125-4000< > 4000 > 4000 85
Vancomycin >32 <2-512 8 128 4
Teicoplanin >32 <2-128< 8 32 4
Ampicillin >16 < 2-256< 8 128 42
Ciprofloxacin >4 <2-16< 4 16 51
Erythromycin >8 <1-512< 256 512 57
Penicillin >16 <2-64& 32 64 38
E. faecium (157) Rifampicin >4 <1-128< 16 128< 73
Gentamicin > 500 <125-4000< 2000 4006 59
Streptomycin > 2000 250-4080 4000< 4000< 90
Vancomycin >32 <2-512 4 51X 19
Teicoplanin >32 <2-128< 2 128< 19
Ampicillin >16 <2-128 4 128 20
Ciprofloxacin >4 <2-16< 2 16 37
Erythromycin >8 <1-512< 4 512 41
All Enterococci Penicillin >16 <2-64< 4 32 19
(495) Rifampicin >4 <1-128< 8 64 57
Gentamicin > 500 <125-4000< 1000 4008 a7
Streptomycin > 2000 250-40G60 4006 4000 87
Vancomycin >32 <2-512 4 128 11
Teicoplanin >32 <2-128< 4 32 11
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Table 3.MIC distribution of Sreptococcus pneumoniae isolates

% of isolates

Organism N) Antibiotic Break point MIC (ug/mL)
Range 50% 90% R
Ceftriaxone >4 < 0.25-0.5 0.25 0.5 0
Ciprofloxacin >4 < 1-86< 2 4 30
Pneumococci (50) Eryt.hr.o.mycin >4 < 0.25-64 1 16 58
Penicillin > 2 < 0.06-2 0.06 0.5 3
Rifampicin >4 11 1 1 0
Vancomycin > 2 0.5-1 0.5 1 0

Resistance rates and MIC of enterococci isolates aredata bring to light the fact that a serious probenan-

shown in Table 2. The highest susceptibility rateci
faecalis was observed in vancomycin (96%), teicoplanin
(96%), penicillin (91%) and ampicillin (91%), wheie
for E. faecium, susceptibility rate for same antibiotics

timicrobial resistance exists among gram-positigectc
in Tehran.

In this study the resistance rate of oxacillin ag8n
aureus isolates was 33% , which is slightly higher than

were 81%, 81%, 62% and 60% respectively. Resistancesimilar reports (31.2%) from Spain and Saudi Arabia

rate of E. faecalis to ciprofloxacin and erythromycin
approximately was 16-21% lower thal. faecium.
High-level resistance to the aminoglycosides, gen-
tamicin (MIC >500 pg/mL) and streptomycin (MIC
>2000 ug/Ml), were detected in 47% and 87 % of en-
terococcal isolates.

The overall rate of vancomycin resistance was 11%.
The van determinants were targeted by multiplex- PCR
method, fifty-four isolates carried theanA gene and
their MIC value of vancomycin was4 pg/mL.

All strains of S. pneumoniae were isolated from a
children hospital. The in vitro susceptibility dathse-
lected antimicrobial agents tested agafigineumoniae
isolates are presented in Table 3. The proportibn o
penicillin-susceptible isolates among 50 evaluased
lates was 70 % (35/50) with Mg of 0.5pug/mL. One
isolate had high level resistance to penicillin QIR
pg/mL). Strains with intermediate penicillin reaisce
were 27 % of isolates. About 58% of isolates werss-
tant to erythromycin. No resistance to rifampiasftri-
axone and vancomycin was found. Fifteen isolatdéb wi
reduced susceptibility to ciprofloxacin (M4 ug/ml)
were detected.

Discussion

Surveillance studies are extremely important corepon
of any action designed to control the spread oinant
icrobial resistance (1). Unfortunately, data regayd
bacterial resistance to antimicrobial agents aagcgcin
Iran. The need for reliable and comprehensive data
garding antimicrobial susceptibility patterns ofagr-
positive cocci specific to Iran prompted this stu@ur
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and almost 2 times lower than some reports frompEgy
(10-12). However, MRSA rates vary greatly among dif-
ferent countries (13-15); this geographical vaoiatmay
reflect differences in infection control policiescaother
factors. The oxacillin resistance rate of 49% amoug
CNS isolate was approximately 24% lower than the ox-
acillin resistance rate reported from CNS isolatethe
European medical centres, Latin American medicat ce
tres and Egypt, but similar to the rate reporteamfr
France (12, 14-17As found by others, higher resistance
rates to other antibiotics were seen for methicilésis-
tant staphylococci than for methicillin susceptible
staphylococci (15-18). In this study, same as otker
ports, most MRSA isolates were resistant to erytlyrom
cin (MICgy 512ug/ml), gentamicin (Mig 512 pg/ml)
and ciprofloxacin (MIG, 16 pug/ml), whereas resistance
to rifampicin remained rare amongst MRSA (7%) and
CNS (63%) isolates (16-18).

In this studyE. faecalis was the predominant type of
enterococcal species (67%). On the other handEthe
faecium comprised of 32% of isolates 2). Like many
reports from other countries, olf. faecium isolates
exhibited higher resistance to evaluated antilsotian
E. faecalis isolates (19, 20). The finding that over 20%
of enterococcal isolates were resistant to ampicill
(MICg 128 pg/mL) is of a great concern, since ampicil-
lin is the drug of choice in the treatment of eaterccal
infections (20).

Forty-two percent ok. faecalis and 59% ofE. fae-
cium isolates showed high-level resistance to gen-
tamicin. High-level streptomycin resistance wasnsiee
87% (MICyo > 4000ug/mL)of enterococcal isolates. The
prevalence of high-level gentamicin resistanceunk



faecalis andE. faeciumisolates was more prevalent than
to that reported in the SENTRY program in Europe, UK
Kuwait and Colombian hospitals (15, 18, 21, 22).edth
studies have reported variable prevalence of isslat
with high-level aminoglycoside resistance (19, 23).

Although vancomycin resistance rates in Iran, like
Europe, are relatively low compared with those regab
in the USA (24), VRE appears to become more preva-
lent in Iran in recent years, i.e. from 7% in 2Q065.1%
in this study (25, 26). These findings indicateagarm-
ing shift in vancomycin susceptibility among entero
cocci in Iran in recent years.

Like many reports, in our study VanA was the most
prevalent of Van phenotypes (23, 27). On the other
hand, 30 of the 15E. faecium isolates were vancomy-
cin resistant, consistent with other findings thladwE.
faecium are usually more resistant th&n faecalis (27,

28).

The frequency of penicillin-no susceptible pneumo-
coccal isolates (30%) in our study is lower thaat ibb-
served in other countries, such as UK and France
(47.5%) (18, 29). It was, however, similar to thasf
several eastern European countries (30). Differeiice
the rates of pneumococcal penicillin resistance rgmo
countries have been shown to be associated witislev
of antimicrobial consumption (31). In our studygepr
dominance of high resistance of pneumococci toheryt
romycin (58%) is considerable.

Like reports from the USA and Canada in our study
all S. pneumoniae isolates were susceptible to vancomy-
cin (32).

In conclusion, our data highlight the importance of
access to updated bacterial susceptibility datardagg
commonly prescribed agents for clinicians in depilg
countries such as Iran. Continuous monitoring
changes in bacterial resistance will help set natigri-
orities for local intervention efforts in Iran. Thégh risk
of infections due to antibiotic-resistant pathogepar-
ticularly Gram-positive cocci, emphasizes the impor
tance of enforcing rational antibiotic prescriptipoli-
cies and new vaccination strategies in Iran.

Finally, the present study showed a moderate inci-
dence of MRSA and VRE in the teaching Hospitals in
Tehran.
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