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Abstract

Background: The incidence of nosocomial Staphylococcus aureus infection is increasing annually and becoming a true global chal-

lenge. The pattern of Staphylococcus aureus protein A (spa) types in different geographic regions is diverse.

Objectives: This study determined the prevalence of methicillin-resistant S. aureus and different spa types in S. aureus clinical iso-

lates.

Materials andMethods: During a six-month period, 90 S. aureus isolates were recovered from 320 clinical specimens. The in vitro

susceptibility of various S. aureus isolates to 16 antibiotic discswas assessed using the Kirby-Bauer disk diffusionmethod. Molecular

typing was carried out with S. aureus protein A typing via polymerase chain reaction.

Results: The frequency of methicillin-resistant S. aureus in our study was 88.9%. Twenty-three (25.5%) isolates were positive for

panton-valentine leukocidin encoding genes. S. aureus presented a high resistance rate to ampicillin (100%) and penicillin (100%).

No resistancewas observed to vancomycin, teicoplanin, or linezolid. The rates of resistance to themajority of antibiotics tested var-

ied between 23.3% and 82.2%. The rate of multidrug resistance among these clinical isolates was 93.3%. The 90 S. aureus isolates were

classified into five S. aureus protein A types: t037 (33.3%), t030 (22.2%), t790 (16.7%), t969 (11.1%), and t044 (7.7%). Eight (8.9%) isolates

were not typable using the S. aureus protein A typingmethod.

Conclusions: We report a high methicillin-resistant S. aureus rate in our hospital. Additionally, t030 and t037 were the predomi-

nant spa-types among hospital-associated S. aureus. Our findings emphasize the need for continuous surveillance to prevent the

dissemination of multidrug resistance among different S. aureus protein A types in Iran.
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1. Background

A leading cause of nosocomial infection, Staphylococ-

cus aureus is responsible for many conditions, including

wound infections, food poisoning, osteomyelitis, and en-

docarditis, as well as life-threatening diseases, such as

pneumonia and bacteremia (1). This bacterium is char-

acterized by its remarkable ability to acquire resistance

to antimicrobial agents, especially methicillin. In par-

ticular, methicillin-resistant S. aureus (MRSA) has recently

emerged as amajor public health concern. Methicillinwas

the first therapeutic option developed to treat infections

caused by penicillin-resistant S. aureus (2).

The first MRSA isolate was reported in 1961 in the

United Kingdom (3, 4). Since then, studies have revealed a

steady increase in the incidence of MRSA infection. Methi-

cillin resistance reportedly arises from the expression of a

methicillin-hydrolyzing β-lactamase or the expression of

analtered formof penicillin-bindingprotein-2 (PBP2a, also

referred toasPBP2′) that ismediatedby themecAgene. This

gene is carried within a mobile genetic element known as

staphylococcal cassette chromosomemec (SCCmec) (5).

MRSA infection is currently an important cause of

morbidity and mortality in both community and health-

care settings due to its resistance to nearly all currently

availablebeta-lactamantibiotics andother therapeutic op-

tions, such as macrolides, lincosides, and aminoglycoside

(6, 7). The dissemination of MRSA with multi-resistance

genes has significantly limited the choice of therapeutic

options available to treat staphylococcal infections, which

are associated with poor clinical outcomes (1, 7). Hospital-

associatedMRSA (HA-MRSA) strains are usually resistant to

many antibiotics and may carry virulence genes, such as

the pvl gene, which encodes panton-valentine leukocidin

(pvl). pvl is a putative virulence factor that has been hy-

pothesized to enhance the bacterium’s ability to cause se-

vere infections in human and animal hosts (8).
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Epidemiological studies using molecular typing are

an essential component in the study of clonal related-

ness, evolutionary pathways, the genetic diversity of the

pathogen, and tracking the spread of S. aureus infections

(9, 10). Various molecular typing methods can be used for

typing MRSA isolates (10). Although pulse field gel elec-

trophoresis (PFGE) with a high discriminatory ability is

the documented gold standard among the various DNA

sequence-basedmethods, spa typing couldalsobeaneffec-

tive and rapidmethod for typingMRSA isolates. spa typing

is a rapid, affordable, and easy technique that offers better

discriminatory abilities and is cheaper thanmultilocus se-

quence typing (MLST), which has enabled it to become a

widely distributed typing technique for S. aureus isolates

(11-14).

Thismethod isbasedon thenumberof tandemrepeats

and the sequence variation in region X of the protein A

gene. The spa gene contains three distinct regions: Fc, X,

and C (12). Based on a literature review, the spa type distri-

bution of MRSA strains isolated from patients in different

geographic locations in the world exhibits a different pat-

tern (11).

2. Objectives

The present study determined the patterns of antibi-

otic resistance by antibiotic sensitivity testingusingdiffer-

ent spa types of nosocomial S. aureus collected from clini-

cal sources in Tehran, the capital city of Iran.

3. Materials andMethods

3.1. Study Design and Population

This cross-sectional study was conducted during a six-

month period from the first of April 2015 to the end of

September 2015. The research was approved by the ethics

committee of Shahid Beheshti University of Medical Sci-

ences [No. 1394.157]. All hospitalized patientswith S. aureus

infectionswereexamined, and90 S. aureus isolateswere re-

covered fromany clinical site of these patients. One isolate

per patient was included in the study, and duplicate sam-

ples were excluded. All clinical samples were immediately

transported to the laboratory upon collection. Standard

microbiological procedures, such as colony morphology,

Gram staining, growth onmannitol salt agar, and the pro-

ductionof catalase, coagulase, andDNase,were carriedout

for the presumptive isolation and identification of S. au-

reus. All isolates were confirmed using polymerase chain

reaction (PCR) for the femA and nucA genes (15, 16).

3.2. Antimicrobial Susceptibility Testing

The confirmed S. aureus strains were tested for their in

vitro antimicrobial resistance pattern to a panel of 16 an-

tibioticdiscswith theKirby-Bauerdiskdiffusion technique

on Mueller-Hinton agar (Mast, UK). The interpretive crite-

ria for susceptibility were used by the clinical and labo-

ratory standards institute (CLSI) (17), and the results were

recorded after incubation for 18 hours at 37°C. The antimi-

crobial drugs tested included penicillin (PG 10 µg), ampi-

cillin (AP 10 µg), vancomycin (VA 30 µg), teicoplanin (TEC

30 µg), ceftriaxone (CRO 30 µg), gentamicin (GM 10 µg),

kanamycin (K 30µg), amikacin (AK 30µg), tobramycin (TN

10 µg), linezolid (LZD 30 µg), erythromycin (E 15 µg), gat-

ifloxacin (GAT 5 µg), clindamycin (CD 2 µg), levofloxacin

(LEV 5 µg), ciprofloxacin (CIP 5 µg), and trimethoprim-

sulfamethoxazole (TS 25 µg). Intermediate sensitivity was

scored as resistance. Multidrug resistance (MDR) was de-

fined as resistance to three or more unique antibiotic

classes in addition to beta-lactams. All antibiotic disks

wereobtained fromMast, UK. S. aureusATCC25923wasused

as a quality control strain in every test run. All strainswere

stored in Tryptic Soy Broth (TSB;Merck, Germany) that con-

tained 20% glycerol at -80°C until use.

3.3. MRSA Screening

MRSA isolateswere screenedwith cefoxitin (30µg) and

oxacillin discs (1 µg) on Mueller-Hinton agar plates in ac-

cordance with the CLSI guidelines (17). All methicillin-

resistant isolates detected phenotypically were confirmed

by PCR for the amplification of themecA gene (18).

3.4. Genomic DNA Extraction

The QIAamp DNAMini Kit (Qiagen GmbH, Hilden, Ger-

many) was used for genomic DNA extraction according

to the manufacturer’s instructions. Lysostaphin (Sigma-

Aldrich, US) was used to a final concentration of 15 µg/mL

for cell wall lysis. The concentration of the DNA was as-

sessed by spectrophotometry.

3.5. Detection of the Toxin-Encoding Genes

All isolateswere tested for thepresenceof lukS-PV-lukF-

PV (pvl genes) and toxic shock syndrome toxin (tsst) gene.

The degenerate primers are listed in Table 1.

3.6. Spa Typing

Spa typing was performed as described by Harm-

sen et al. (12). spa gene PCR products were subjected

to DNA sequencing for both strands by Macrogen

(Seoul, South Korea). The sequences obtained were

edited using Chromas software (version 1.45, Australia).

The guidelines from the Ridom Spa Server database

(http://www.spaserver.ridom.de) were used to assign the

edited sequences to particular spa types.
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Table 1. Oligonucleotide Primers Used in This Study

Primer Primer Sequence (5´→ 3´) Product Size, bp Reference

femA 648 (15)

F CTTACTTACTGCTGTACCTG

R ATCTCGCTTGTTGTGTGC

nucA 270 (16)

F GCGATTGATGGTGATACGGTT

R AGCCAAGCCTTGACGAACTAAAGC

mecA 583 (18)

F AGAAGATGGTATGTGGAAGTTAG

R ATGTATGTGCGATTGTATTGC

tsst-1 398 (17)

F TTATCGTAAGCCCTTTGTTG

R TAAAGGTAGTTCTATTGGAGTAGG

luk-PV 180 (19)

F TTCACTATTTGTAAAAGTGTCAGACCCACT

R TACTAATGAATTTTTTTATCGTAAGCCCTT

3.7. Statistical Analysis

Statistical analysis was performed using the statistical

package for the social sciences (SPSS) for windows, version

18.0 (SPSS Inc., Chicago, IL, US).

4. Results

In all, 90non-duplicate S. aureus isolateswereobtained

from 320 clinical specimens collected from hospitalized

patients during a six-month period of study. All isolates

were positive for the femA and nucA genes (15, 16) (Figures

1 and 2). The mean age of patients was 42 years (median:

44.1 years, range: 9 months to 71 years). The incidence of

nosocomial infectionwith S. aureuswashighest inpatients

from 21 - 45 years (60%) and lowest in the age group from 9

months to 20 years (3.1%).

Of the 90 analyzed S. aureus isolates, 36 (40%) were

obtained from awound, 22 (24.4%) came from the blood, 9

(10%) were collected from the ear, 9 (10%) from pus, 6 (6.7%)

frombodyfluids, 5 (5.6%) froma catheter and, finally, three

isolates (3.3%) from urine samples. The vast majority of

patients was female (77.8%), while only 22.2% were male.

The overall prevalence of MRSA in our study was 88.9%.

The following resistance patterns were observed among

our isolates: penicillin (100%), ampicillin (100%), ery-

thromycin (82.2%), ciprofloxacin (76.7%), amikacin (65.6%),

gentamicin (63.3%), clindamycin (60%), kanamycin (55.6%),

tobramycin (50%), gatifloxacin (50%), trimethoprim-

sulfamethoxazole (44.5%), levofloxacin (32.2%), ceftriaxone

(23.3%), vancomycin (0%), teicoplanin (0%), and linezolid

(0%). The distribution of the different clinical samples and

their resistance profiles in MRSA isolated from patients

are summarized in Table 2.

Antimicrobial susceptibility testing revealed that the

rate of multidrug resistance among our isolates was 93.3%.

The predominant resistance profiles in our isolates in-

cluded 10 antibiotics (33.3%), 7 antibiotics (33.3%), 8 antibi-

otics (21.1%), and 9 antibiotics (5.6%) respectively. Twenty-

three isolates (25.5%) were positive for pvl-encoding genes

(Figure 3). From among the S. aureus isolates analyzed in

the current study, 28 (31.1%) harbored the tsst-1 encoding

gene, which was detected in wound (35.7%), blood (28.6%),

pus (17.9%), catheter (10.7%), and body fluid (7.1%) samples.

tsst genes were confirmed in the isolates with spa types

t790 (53.6%), t044 (25%), and t037 (21.4%) (Figure 4). Fifteen

isolates carried the pvl and tsst-1 genes simultaneously.

All but eight (8.9%) isolates were typable using the spa

typingmethod. spa typingof S. aureus isolates revealedfive

different spa types (t037, t030, t790, t969, and t044) that

were common among 30 strains (33.3%), 20 strains (22.2%),

15 strains (16.7%), 10 strains (11.1%), and 7 strains (7.7%), re-

spectively (Figure 5). Our results indicated that all strains

(100%) with spa type t044 were pvl- and tsst-positive, while

the pvl-encoding gene was detected in 8 strains (80%) with

spa t969, 5 strains (16.7%) with spa t037, and 3 strains (15%)

with spa t030. Thepvl-encodinggenewasnot confirmed in

anyof the t790 strains, while all isolateswith spa t790were

positive for tsst. The spa types were obtained from differ-
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Table 2. Distribution of Different Clinical Samples and Their Resistance Profiles inMRSA Isolated From Patientsa

Type of Clinical Infections Resistance to Antibiotics Total

PG AP CRO GM K AK TN E GAT CD LEV CIP TS

Wound 36 (100) 36 (100) 12 (33.3) 28 (77.8) 30 (83.3) 28 (77.8) 10 (27.8) 36 (100) 26 (72.2) 33 (91.7) 10 (27.8) 35 (97.2) 20 (55.6) 36 (40)

Blood 22 (100) 22 (100) 8 (36.4) 15 (68.2) 12 (54.5) 20 (90.9) 18 (81.8) 20 (90.9) 11 (50) 19 (86.4) 6 (27.3) 20 (90.9) 16 (72.7) 22 (24.4)

Ear 9 (100) 9 (100) 0 (0) 2 (22.2) 0 (0) 2 (22.2) 5 (55.6) 4 (44.4) 6 (66.7) 0 (0) 4 (44.4) 5 (55.6) 0 (0) 9 (10)

Pus 9 (100) 9 (100) 1 (11.1) 1 (11.1) 0 (0) 9 (100) 4 (44.4) 3 (33.3) 0 (0) 2 (22.2) 3 (33.3) 5 (55.6) 2 (22.2) 9 (10)

Body fluids 6 (100) 6 (100) 0 (0) 4 (66.7) 5 (83.3) 0 (0) 2 (33.3) 6 (100) 0 (0) 0 (0) 1 (16.7) 2 (33.3) 1 (16.7) 6 (6.7)

Catheter 5 (100) 5 (100) 0 (0) 4 (80) 3 (60) 0 (0) 4 (80) 5 (100) 0 (0) 0 (0) 3 (60) 2 (40) 1 (20) 5 (5.6)

Urine 3 (100) 3 (100) 0 (0) 3 (100) 0 (0) 0 (0) 2 (66.7) 0 (0) 2 (66.7) 0 (0) 2 (66.7) 0 (0) 0 (0) 3 (3.3)

Total 90 (100) 90 (100) 21 (23.3) 57 (63.3) 50 (55.6) 59 (65.6) 45 (50) 74 (82.2) 45 (50) 54 (60) 29 (23.3) 69 (76.7) 40 (44.5)

Abbreviations: AK, amikacin; AP, ampicillin; CD, clindamycin; CIP, ciprofloxacin; CRO, ceftriaxone; E, erythromycin; LEV, levofloxacin; K, kanamycin; GAT, gatifloxacin; GM, gentamicin; PG, penicillin; SYN, quinupristin-dalfopristin; TN,

tobramycin; TS, trimethoprim-sulfamethoxazole.
aValues are expressed as No. (%).

Figure 1. LaneM, 100-bpDNA ladder (Fermentas, UK); lane 2 - 4, the 648-bp PCRprod-

uct of femA; lane 1, the positive control; lane 5, the negative control.

ent clinical samples. The distribution of spa types isolated

from clinical sources is shown in Figure 6. Interestingly,

60% of the t037 isolateswere found to be resistant to 10 an-

tibiotics. All t030 isolates were obtained from patients 20

years old or younger and showed variability in their MDR

patterns. Informationaboutmultiple antibiotic resistance

patterns among the distribution of spa types is shown in

Table 3.

5. Discussion

The widespread emergence of MDR S. aureus is becom-

ing a great public health challenge. Currently, the spread

of MDR S. aureus limits therapeutic options and causes se-

veremorbidity andmortality in hospitalized patients (20).

The prevalence of MRSA also varies widely in different geo-

graphic regions of the world (21-23).

The rate of methicillin resistance in our study was

88.9%, genotypically. This result is consistent with the find-

ings of previous studies in Iran (24) and India (25) and is

higher than the rate found in Taiwan (26), Hungary (27),

Serbia (28), and Croatia (29). These differences could be at-

tributed to the studied population, the type of clinical iso-

lates, and the trends for prescribing certain antibiotics in

different geographic areas.

The results of susceptibility testing revealed that all

isolateswere resistant topenicillin andampicillin yetwere

susceptible to vancomycin, teicoplanin, and linzolid. A

similar resistance pattern was previously reported in Italy

(8), Croatia (29), andTurkey (30). Basedon in vitro suscepti-

bility data, high proportions of the isolates were resistant

to erythromycin (82.2%), ciprofloxacin (76.7%), amikacin

(65.6%), gentamicin (63.3%), clindamycin (60%), kanamycin

(55.6%), tobramycin (50%), and gatifloxacin (50%) but had a

relatively low resistance to trimetoprim-sulfamethoxazole

(45%), levofloxacin (32.2%), and ceftriaxone (23.3%). The re-

sults of our study support the findings of other studies

(10, 31). Differences in the susceptibility pattern can be at-

tributed to inappropriate antibiotic prescriptions, surveil-
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Table 3. Resistant Pattern and Distribution of Spa Types in 84MDR Isolates From Clinical Sources

Number of Antibiotics Resistance Pattern No. (%) Spa Types, No. (%)

7

PG, AP, E, AK, CD, CIP, GM 20 (23.8) t030; 5 (6), t037; 5 (6), t790; 5 (6), t969; 3 (3.6), t044; 1 (1.2), NT; 1 (1.2)

PG, AP, AK, CD, TN, GAT, LEV 6 (7.2) t030; 2 (2.4), t969; 2 (2.4), t044; 1 (1.2), NT; 1 (1.2)

PG, AP, CD, K, GAT, TS, CRO 1 (1.2) t030; 1 (1.2)

PG, AP, AK, GM, CD, GAT, LEV 3 (3.6) t969; 2 (2.4), NT; 1 (1.2)

8 PG, AP, E, CIP, CD, GM, K, TN 19 (22.7) t030; 3 (3.6), t037; 3 (3.6), t790; 7 (8.3), t969; 1 (1.2), t044; 5 (6)

9 PG, AP, E, CD, GAT, TS, TN, LEV, CRO 5 (6) t030; 1 (1.2), t037; 2 (2.4), t790; 1 (1.2), NT; 1 (1.2)

10

PG, AP, E, CIP, AK, GM, K, TN, TS, GAT 15 t037: 10 (12), t030; 4 (4.8), t790; 1 (1.2)

PG, AP, E, CIP, AK, K, GAT, TS, LEV, CRO 15 t037; 8 (9.5), t030; 6 (7.1), t790; 1 (1.2)

Abbreviations: AK, amikacin; AP, ampicillin; CD, clindamycin; CIP, ciprofloxacin; CRO, ceftriaxone; E, erythromycin; GAT, gatifloxacin; GM, gentamicin; K, kanamycin; LEV,

levofloxacin; PG, penicillin; VA, vancomycin; TEC, teicoplanin; TN, tobramycin; LZD, linezolid; TS, trimethoprim-sulfamethoxazole; NT; non typable.

lance, and infection control programs in healthcare set-

tings and also the spread of antibiotic resistance genes

among bacteria. We reported a considerable increase in

theprevalenceof MDR (93.3%). The incidenceof MDRvaries

widely among nations and can vary from 83.9% in Serbia

(28) to 75.8% in Taiwan (26).

In this study, the spa typing method was used to ob-

serve five different spa types among our isolates: t037

(33.3%), t030 (22.2%), t790 (16.7%), t969 (11.1%), and t044

(7.7%). We found that spa type t037 was the most common

spa type among our isolates. These spa types were previ-

ously described in a study conducted on S. aureus isolated

from patients, personnel, the air, and the environment of

an intensive careunit in Iran in2014. In thisprevious study,

37 S. aureus isolates were examined for spa typing, and 11

different spa typeswere identified (t7688, t7689, t030, t325,

t7685, t037, t297, t3096, t044, t7789). The majority of the

isolates belonged to spa types t030 and t037 (43%) (24).

In a study conducted by Chen et al. to understand the

molecular evolution of MRSA during a 15-year period from

1994 - 2008, the authors investigated 466 non-duplicate S.

aureus isolates, including 302 MRSA and 164 methicillin-

susceptible (MSSA) isolates. Chen et al. showed that from

1994 - 2000, the most predominant MRSA spa type was

spa t037, while spa t030 has rapidly replaced t037 since

2000; the most obvious difference between them was re-

sistance to rifampin (22). The resistance patterns of spa

t037 in our study were in concordance with the report of

Chen et al. (22), and most of the t037 strains were resis-

tant to tetracycline, erythromycin, clindamycin, gentam-

icin, chloramphenicol, trimethoprim-sulfamethoxazole,

and ciprofloxacin and also susceptible to rifampin and

vancomycin. With a variability in its resistance pattern,

t030 was the second most common spa type among our

clinical isolates. This result is in concordance with the

findings of some other investigators (22, 24). Chen et al.

showed that t030was themost frequent clone, accounting

for 52.0% of the 302 MRSA isolates. These authors believed

that t030hada strong survival advantage andcouldbe eas-

ily transmitted. This spa type increased significantly and

has successfully become established as the dominant spa

type in Chinese hospitals (22).

According to the results of the present study, t790 was

the thirdmost commonspa type inTehran. These spa types

were previously described in a study conducted by Japoni-

Nejad and colleagues, who analyzed the molecular char-

acterization of CA-MRSA S. aureus strains from central Iran

(9). Though several studies have reported t790 as the pre-

dominant spa type (9, 21), other observations on the lim-

ited frequencyof t790 indifferentgeographic areas alsoex-

ist (22). Given the high prevalence of t790 in this study, our

present findings support the view that this type could be

linked to the transfer of S. aureus from the community to

hospitals. In our study, we observed a low frequency of the

t969 and t044 spa types along with high MDR rates in our

isolates. Previous studies in other countries have also re-

ported a low frequency of t969 and t044 spa types in com-

parison with other spa types, which is in accordance with

our results but is not to the same extent (23, 24, 29, 32).

A major strength of the study was that it was per-

formed on S. aureus strains isolated from the clinical speci-

mens of patients to determine of antibiotic resistance pat-

tern, the toxin profile, and different spa types of nosoco-

mial S. aureus; however, the main limitation of this study

was its modest sample size and the difficulty with using

othermethods, such as PFGE andMLST.
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Figure2. LaneM, 100 -bpDNA ladder (Fermentas, UK); lane 1, the270-bpPCRproduct

of nucA; lane 2, the positive control.

5.1. Conclusion

Our study reported a considerable increase in the

prevalence of MDR. Based on spa typing, five distinct spa

types of S. aureuswere identified inour study; spa t030 and

t037 were widely disseminated. Therefore, future studies

should focus on identifyingMDRand theprevalence of dif-

ferent S. aureus spa types. Infectioncontrolmeasuresalong

Figure 3. Lane M, 100-bp DNA ladder (Fermentas, UK); lanes 2 - 4, the 180-bp PCR

product of luk-PV; lane 1, the positive control.

Figure 4. Lane M, 100-bp DNA ladder (Fermentas, UK); lanes 2 - 4, the 180-bp PCR

product of tsst-1; lane 1, the positive control; lane 5, the negative control.

with continuous and nationwide MRSA surveillance stud-

ies should be continued to reduce the emergence of multi-

resistant strains.
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Figure 5. LaneM, 100-bp DNA ladder (Fermentas, UK); lanes 2 - 10, the variable PCR product of spa; lanes 1 and 11, the negative control.

Wound Blood Ear Pus
Body

Fluide
Catheter Urine

Non Typable 0% 1.10% 3.30% 2.20% 0% 2.20% 0%

t044 3% 1.10% 0% 0% 2.20% 0% 0%

t969 3% 3% 0% 0% 0% 3% 1%

t790 3% 0% 7% 4.50% 0% 0% 2.20%

t030 9% 10% 0% 3% 0% 0% 0%

t037 22.20% 8.90% 0% 0% 2.20% 0% 0%

0%

10%

20%

30%
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80%
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Figure 6. Distribution of the Spa Types Isolated From Clinical Sources.

Footnotes

Authors’ Contribution: Study concept and design,

Mehdi Goudarzi and Sima Sadat Seyedjavadi; data ac-

quisition, Mehdi Azad, Mehdi Goudarzi, Maryam Fazeli,

and Sima Sadat Seyedjavadi; analysis and data interpreta-

tion, Mehdi Goudarzi, Hossein Goudarzi, and Sima Sadat

Jundishapur J Microbiol. 2016; 9(7):e35685. 7

http://jjmicrobiol.com/


Goudarzi M et al.

Seyedjavadi; drafting of the manuscript, Mehdi Goudarzi,

Hossein Goudarzi, Maryam Fazeli, and Sima Sadat Seyed-

javadi; critical revision of the manuscript for important

intellectual content, Mehdi Goudarzi, Hossein Goudarzi,

and Maryam Fazeli; statistical analysis, Mehdi Goudarzi,

Mehdi Azad, andMaryam Fazeli; administrative, technical,

and material support; Mehdi Goudarzi and Sima Sadat

Seyedjavadi; study supervision, Mehdi Goudarzi, Hossein

Goudarzi, and Sima Sadat Seyedjavadi.

Conflict of Interest: We declare that we have no conflict

of interest.

FinancialDisclosure: Therewasnofinancialdisclosure to

report.

Funding/Support: Thisworkwas supported by a research

grant from the research deputy of Shahid Beheshti Univer-

sity of Medical Sciences (Grant No. 7600).

References

1. Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VJ. Staphylococ-

cus aureus infections: epidemiology, pathophysiology, clinical man-

ifestations, and management. Clin Microbiol Rev. 2015;28(3):603–61.

doi: 10.1128/CMR.00134-14. [PubMed: 26016486].

2. Peacock SJ, Paterson GK. Mechanisms of Methicillin Resistance in

Staphylococcus aureus. Annu Rev Biochem. 2015;84:577–601. doi:

10.1146/annurev-biochem-060614-034516. [PubMed: 26034890].

3. Hiramatsu K, Katayama Y, MatsuoM, Sasaki T, Morimoto Y, Sekiguchi

A, et al. Multi-drug-resistant Staphylococcus aureus and fu-

ture chemotherapy. J Infect Chemother. 2014;20(10):593–601. doi:

10.1016/j.jiac.2014.08.001. [PubMed: 25172776].

4. "Celbemom"-resistant staphylococci. Br Med J. 1961;1(5219):113–4.

[PubMed: 14447241].

5. Mehndiratta PL, Bhalla P. Typing of Methicillin resistant Staphylococ-

cus aureus: a technical review. Indian JMedMicrobiol. 2012;30(1):16–23.

doi: 10.4103/0255-0857.93015. [PubMed: 22361755].

6. Castanheira M, Sader HS, Farrell DJ, Mendes RE, Jones RN. Activity of

ceftaroline-avibactam tested against Gram-negative organism pop-

ulations, including strains expressing one or more beta-lactamases

and methicillin-resistant Staphylococcus aureus carrying various

staphylococcal cassette chromosome mec types. Antimicrob Agents

Chemother. 2012;56(9):4779–85. doi: 10.1128/AAC.00817-12. [PubMed:

22733066].

7. Rahimi F. Characterization of Resistance to Aminoglycosides in

Methicillin-Resistant Staphylococcus aureus Strains Isolated From

a Tertiary Care Hospital in Tehran, Iran. Jundishapur J Microbiol.

2016;9(1):ee29237. doi: 10.5812/jjm.29237. [PubMed: 27099687].

8. Campanile F, Bongiorno D, Borbone S, Stefani S. Hospital-associated

methicillin-resistant Staphylococcus aureus (HA-MRSA) in Italy.

Ann Clin Microbiol Antimicrob. 2009;8:22. doi: 10.1186/1476-0711-8-22.

[PubMed: 19552801].

9. Japoni-Nejad A, Rezazadeh M, Kazemian H, Fardmousavi N, van

Belkum A, Ghaznavi-Rad E. Molecular characterization of the first

community-acquired methicillin-resistant Staphylococcus aureus

strains from Central Iran. Int J Infect Dis. 2013;17(11):e949–54. doi:

10.1016/j.ijid.2013.03.023. [PubMed: 23706379].

10. Sabat AJ, Budimir A, Nashev D, Sa-Leao R, van Dijl J, Laurent F, et

al. Overview of molecular typing methods for outbreak detection

and epidemiological surveillance. Euro Surveill. 2013;18(4):20380.

[PubMed: 23369389].
11. Furuya D, Tsuji N, Kuribayashi K, Tanaka M, Hosono Y, Uehara N,

et al. Evaluation of spa typing for the classification of clinical

methicillin-resistant Staphylococcus aureus isolates. Jpn J Infect Dis.

2010;63(5):364–7. [PubMed: 20859007].

12. Harmsen D, Claus H, Witte W, Rothganger J, Claus H, Turnwald D, et

al. Typing of methicillin-resistant Staphylococcus aureus in a univer-

sityhospital settingbyusingnovel software for spa repeatdetermina-

tion and database management. J Clin Microbiol. 2003;41(12):5442–8.

[PubMed: 14662923].

13. Hallin M, Deplano A, Denis O, De Mendonca R, De Ryck R, Strue-

lens MJ. Validation of pulsed-field gel electrophoresis and spa typ-

ing for long-term, nationwide epidemiological surveillance studies

of Staphylococcus aureus infections. J Clin Microbiol. 2007;45(1):127–

33. doi: 10.1128/JCM.01866-06. [PubMed: 17093021].

14. Strommenger B, Braulke C, Heuck D, Schmidt C, Pasemann B, Nubel

U, et al. spa Typing of Staphylococcus aureus as a frontline tool

in epidemiological typing. J Clin Microbiol. 2008;46(2):574–81. doi:

10.1128/JCM.01599-07. [PubMed: 18032612].

15. Ardic N, Sareyyupoglu B, Ozyurt M, Haznedaroglu T, Ilga U. Investi-

gation of aminoglycoside modifying enzyme genes in methicillin-

resistant staphylococci. Microbiol Res. 2006;161(1):49–54. doi:

10.1016/j.micres.2005.05.002. [PubMed: 16338590].

16. Kim CH, Khan M, Morin DE, Hurley WL, Tripathy DN, Kehrli MJ,

et al. Optimization of the PCR for detection of Staphylococcus au-

reus nuc gene in bovine milk. J Dairy Sci. 2001;84(1):74–83. doi:

10.3168/jds.S0022-0302(01)74454-2. [PubMed: 11210052].

17. National committee for clinical laboratory standards . Performance

standards for antimicrobial susceptibility testing: twenty-second in-

formational supplement. 2012

18. Azimian A, Havaei SA, Fazeli H, Naderi M, Ghazvini K, Samiee SM, et al.

Genetic characterization of a vancomycin-resistant Staphylococcus

aureus isolate from the respiratory tract of a patient in a university

hospital in northeastern Iran. J Clin Microbiol. 2012;50(11):3581–5. doi:

10.1128/JCM.01727-12. [PubMed: 22933598].

19. Jarraud S, Mougel C, Thioulouse J, Lina G, Meugnier H, Forey F, et al.

Relationships between Staphylococcus aureus genetic background,

virulence factors, agr groups (alleles), and human disease. Infect Im-

mun. 2002;70(2):631–41. [PubMed: 11796592].

20. Chipolombwe J, Torok ME, Mbelle N, Nyasulu P. Methicillin-resistant

Staphylococcus aureus multiple sites surveillance: a systemic

review of the literature. Infect Drug Resist. 2016;9:35–42. doi:

10.2147/IDR.S95372. [PubMed: 26929653].

21. Goudarzi M, Goudarzi H, Sa Figueiredo AM, Udo EE, Fazeli M,

Asadzadeh M, et al. Molecular Characterization of Methicillin Re-

sistant Staphylococcus aureus Strains Isolated from Intensive Care

Units in Iran: ST22-SCCmec IV/t790 Emerges as the Major Clone. PLoS

One. 2016;11(5):e0155529. doi: 10.1371/journal.pone.0155529. [PubMed:

27171373].

22. Chen H, Liu Y, Jiang X, ChenM, Wang H. Rapid change of methicillin-

resistant Staphylococcus aureus clones in a Chinese tertiary

care hospital over a 15-year period. Antimicrob Agents Chemother.

2010;54(5):1842–7. doi: 10.1128/AAC.01563-09. [PubMed: 20176895].

23. Udo EE, Al-Lawati BA, Al-Muharmi Z, Thukral SS. Genotyping of

methicillin-resistant Staphylococcus aureus in the Sultan Qaboos

University Hospital, Oman reveals the dominance of Panton-

Valentine leucocidin-negative ST6-IV/t304 clone. New Microbes New

Infect. 2014;2(4):100–5. doi: 10.1002/nmi2.47. [PubMed: 25356354].

24. Mirzaii M, Emaneini M, Jabalameli F, Halimi S, Taherikalani M.

Molecular investigation of Staphylococcus aureus isolated from

the patients, personnel, air and environment of an ICU in a

hospital in Tehran. J Infect Public Health. 2015;8(2):202–6. doi:

10.1016/j.jiph.2014.09.002. [PubMed: 25458916].

25. D’Souza N, Rodrigues C, Mehta A. Molecular characterization of

methicillin-resistant Staphylococcus aureus with emergence of epi-

demic clones of sequence type (ST) 22 and ST 772 in Mumbai, India. J

ClinMicrobiol. 2010;48(5):1806–11. doi: 10.1128/JCM.01867-09. [PubMed:

20351212].

8 Jundishapur J Microbiol. 2016; 9(7):e35685.

http://dx.doi.org/10.1128/CMR.00134-14
http://www.ncbi.nlm.nih.gov/pubmed/26016486
http://dx.doi.org/10.1146/annurev-biochem-060614-034516
http://www.ncbi.nlm.nih.gov/pubmed/26034890
http://dx.doi.org/10.1016/j.jiac.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25172776
http://www.ncbi.nlm.nih.gov/pubmed/14447241
http://dx.doi.org/10.4103/0255-0857.93015
http://www.ncbi.nlm.nih.gov/pubmed/22361755
http://dx.doi.org/10.1128/AAC.00817-12
http://www.ncbi.nlm.nih.gov/pubmed/22733066
http://dx.doi.org/10.5812/jjm.29237
http://www.ncbi.nlm.nih.gov/pubmed/27099687
http://dx.doi.org/10.1186/1476-0711-8-22
http://www.ncbi.nlm.nih.gov/pubmed/19552801
http://dx.doi.org/10.1016/j.ijid.2013.03.023
http://www.ncbi.nlm.nih.gov/pubmed/23706379
http://www.ncbi.nlm.nih.gov/pubmed/23369389
http://www.ncbi.nlm.nih.gov/pubmed/20859007
http://www.ncbi.nlm.nih.gov/pubmed/14662923
http://dx.doi.org/10.1128/JCM.01866-06
http://www.ncbi.nlm.nih.gov/pubmed/17093021
http://dx.doi.org/10.1128/JCM.01599-07
http://www.ncbi.nlm.nih.gov/pubmed/18032612
http://dx.doi.org/10.1016/j.micres.2005.05.002
http://www.ncbi.nlm.nih.gov/pubmed/16338590
http://dx.doi.org/10.3168/jds.S0022-0302(01)74454-2
http://www.ncbi.nlm.nih.gov/pubmed/11210052
http://dx.doi.org/10.1128/JCM.01727-12
http://www.ncbi.nlm.nih.gov/pubmed/22933598
http://www.ncbi.nlm.nih.gov/pubmed/11796592
http://dx.doi.org/10.2147/IDR.S95372
http://www.ncbi.nlm.nih.gov/pubmed/26929653
http://dx.doi.org/10.1371/journal.pone.0155529
http://www.ncbi.nlm.nih.gov/pubmed/27171373
http://dx.doi.org/10.1128/AAC.01563-09
http://www.ncbi.nlm.nih.gov/pubmed/20176895
http://dx.doi.org/10.1002/nmi2.47
http://www.ncbi.nlm.nih.gov/pubmed/25356354
http://dx.doi.org/10.1016/j.jiph.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25458916
http://dx.doi.org/10.1128/JCM.01867-09
http://www.ncbi.nlm.nih.gov/pubmed/20351212
http://jjmicrobiol.com/


Goudarzi M et al.

26. WangWY, Chiueh TS, Sun JR, Tsao SM, Lu JJ.Molecular typing andphe-

notype characterization of methicillin-resistant Staphylococcus au-

reus isolates from blood in Taiwan. PLoS One. 2012;7(1):ee30394. doi:

10.1371/journal.pone.0030394. [PubMed: 22291948].

27. Conceicao T, Aires-de-SousaM, Fuzi M, Toth A, Paszti J, Ungvari E, et al.

Replacement of methicillin-resistant Staphylococcus aureus clones

in Hungary over time: a 10-year surveillance study. Clin Microbiol In-

fect. 2007;13(10):971–9. doi: 10.1111/j.1469-0691.2007.01794.x. [PubMed:

17697003].

28. Cirkovic I, Stepanovic S, Skov R, Trajkovic J, Grgurevic A, Larsen AR.

Carriage and Genetic Diversity of Methicillin-Resistant Staphylococ-

cus aureus among Patients and Healthcare Workers in a Serbian

University Hospital. PLoS One. 2015;10(5):e0127347. doi: 10.1371/jour-

nal.pone.0127347. [PubMed: 25993538].

29. Budimir A, Deurenberg RH, Bosnjak Z, Stobberingh EE, Cetkovic H,

Kalenic S. A variant of the Southern German clone of methicillin-

resistant Staphylococcus aureus is predominant in Croatia. Clin Mi-

crobiol Infect. 2010;16(8):1077–83. doi: 10.1111/j.1469-0691.2009.03042.x.

[PubMed: 19732087].

30. Guney AK, Yildirim T, Durupinar B. A Study on Class I Integrons

and Antimicrobial Resistance among Clinical Staphylococci Isolates

from a Turkish Hospital. Clin Microbial. 2014;3(173) doi: 10.4172/2327-

5073.1000173.

31. Mostafa M, Siadat SD, Shahcheraghi F, Vaziri F, Japoni-Nejad A, Vand

Yousefi J, et al. Variability ingene cassettepatternsof class 1 and2 inte-

grons associatedwithmulti drug resistance patterns in Staphylococ-

cus aureus clinical isolates in Tehran-Iran. BMCMicrobiol. 2015;15:152.

doi: 10.1186/s12866-015-0488-3. [PubMed: 26228695].

32. Seidl K, Leimer N, Palheiros Marques M, Furrer A, Holzmann-

Burgel A, Senn G, et al. Clonality and antimicrobial susceptibility of

methicillin-resistant Staphylococcus aureus at the University Hos-

pital Zurich, Switzerland between 2012 and 2014. Ann Clin Micro-

biol Antimicrob. 2015;14:14. doi: 10.1186/s12941-015-0075-3. [PubMed:

25858549].

Jundishapur J Microbiol. 2016; 9(7):e35685. 9

http://dx.doi.org/10.1371/journal.pone.0030394
http://www.ncbi.nlm.nih.gov/pubmed/22291948
http://dx.doi.org/10.1111/j.1469-0691.2007.01794.x
http://www.ncbi.nlm.nih.gov/pubmed/17697003
http://dx.doi.org/10.1371/journal.pone.0127347
http://dx.doi.org/10.1371/journal.pone.0127347
http://www.ncbi.nlm.nih.gov/pubmed/25993538
http://dx.doi.org/10.1111/j.1469-0691.2009.03042.x
http://www.ncbi.nlm.nih.gov/pubmed/19732087
http://dx.doi.org/10.4172/2327-5073.1000173
http://dx.doi.org/10.4172/2327-5073.1000173
http://dx.doi.org/10.1186/s12866-015-0488-3
http://www.ncbi.nlm.nih.gov/pubmed/26228695
http://dx.doi.org/10.1186/s12941-015-0075-3
http://www.ncbi.nlm.nih.gov/pubmed/25858549
http://jjmicrobiol.com/

	Abstract
	1. Background
	2. Objectives
	3. Materials and Methods
	3.1. Study Design and Population
	3.2. Antimicrobial Susceptibility Testing
	3.3. MRSA Screening
	3.4. Genomic DNA Extraction
	3.5. Detection of the Toxin-Encoding Genes
	Table 1

	3.6. Spa Typing
	3.7. Statistical Analysis

	4. Results
	Figure 1
	Figure 2
	Table 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 3

	5. Discussion
	5.1. Conclusion

	Footnotes
	Authors' Contribution
	Conflict of Interest
	Financial Disclosure
	Funding/Support

	References

