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Background & Objective: Staphylococcus aureus causes various hospital- and
community-acquired infections. This study aimed to investigate the phenotypic and
genotypic characteristics of erythromycin and inducible clindamycin resistance,
virulence gene profiles, and spa types of S. aureus isolates collected from patients in
Ardabil Province, Iran.

Methods: A total of 118 clinical S. aureus isolates, including 50 (42.4%) methicillin-
resistant S. aureus (MRSA) and 68 (57.6%) methicillin-susceptible S. aureus (MSSA)
strains, were investigated. Resistance patterns were determined by the disk diffusion
method and minimum inhibitory concentration (MIC) test. Inducible macrolide-
lincosamide-streptogramin B (iMLSB) resistance was detected using D-test method.
The polymerase chain reaction (PCR) was used to identify the virulence and resistance-
encoding genes. Additionally, the spa types of the isolates were determined using the
PCR, followed by sequencing.

Results: In total, 49.1% (58/118) and 44% (52/118) of the isolates were resistant to
erythromycin and clindamycin, respectively. Overall, 13.5% (16/118) of the isolates
showed the iMLSB resistance phenotype. The ermC gene (72.4% [42]) was the most
frequent erythromycin resistance-encoding gene, followed by ermA (60.3% [35]), ermB
(60.3% [35]), ermTR (51.7% [30]), and msrA (15.5% [9]) genes among erythromycin-
resistant isolates. The virulence genes /la, hid, sea, LukS PV, tst, seb, sed, eta, sec, and
etb were detected in 93.2%, 74.5%, 70.3%, 32.2%, 29.6%, 17%, 8.5%, 8.5%, 5.9%,
and 4.2% of the isolates, respectively. Ten different spa types were identified for 58
erythromycin-resistant S. aureus strains, of which t030 and t078 types were the most
common types.

Conclusion: A high frequency of macrolide- and lincosamide-resistant S. aureus
isolates with different genetic backgrounds of resistance and virulence may be found
in patients in Ardabil Province, Iran.
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Introduction

Staphylococcus aureus is one of the most common
microorganisms found in the skin and mucous
membranes of healthy children and adults. However, it
is associated with several hospital- and community-
acquired infections, including toxigenic diseases (such
as staphylococcal scalded skin syndrome, food
poisoning, and toxic shock syndrome) and suppurative
infections (such as impetigo, folliculitis, furuncles, and
carbuncles) (1). S. aureus pathogenicity depends on the
multiple virulence determinants, as well as their ability
to acquire resistance to various antibiotics (2).

Several important toxins, including staphylococcal
enterotoxins (SEs), exfoliative toxins (ETs), Panton—
Valentine leukocidin (PVL), hemolysins, and toxic
shock syndrome toxin-1 (TSST-1), are excreted by S.

aureus, contribute to the pathogenesis of

staphylococcal diseases (3).

The increasing incidence of methicillin-resistant S.
aureus (MRSA) strains is now an important health
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challenge worldwide. Most MRSA isolates show
resistance to P-lactam antibiotics and several other
classes of antibiotics (4). Macrolide-lincosamide-
streptogramin B (MLSB) antibiotics are a major
alternative to Pf-lactam antibiotics for the treatment of
infections caused by gram-positive bacteria.
Clindamycin is a bacteriostatic antibiotic suitable for
the treatment of staphylococcal infections (especially
skin and soft tissue infections) because it penetrates
well into most tissues (5). However, the extensive use
of MLSB antibiotics has led to the emergence and
spread of resistant bacterial species worldwide (6).
MLSB antibiotics differ structurally but exhibit similar
functions against bacteria through inhibition of the
protein synthesis via binding to ribosomal 23s rRNA
(5). In total, 3 different resistance mechanisms are
involved in resistance to MLSB antibiotics in S. aureus
strains, including enzymatic alteration of the target site
of MLSB drugs on ribosomes (encoded by erm genes),

IRANIAN JOURNAL OF PATHOLOGY


https://dx.doi.org/10.30699/IJP.2023.1987077.3049
mailto:m.arzanlou@arums.ac.ir
mailto:arzanlo53@gmail.com
https://www.orcid.org/0000-0002-8718-9146
https://www.orcid.org/0000-0001-6181-4903
https://www.orcid.org/0000-0002-7152-1917
https://www.orcid.org/0000-0003-0509-7369
https://www.orcid.org/0000-0002-4233-9497

416 S. aureus Macrolide-Lincosamide Resistance and Virulence Factors

extruding antibiotics out of the bacteria (efflux pumps;
encoded by the msrd gene), and enzymatic
modification of lincosamides (encoded by the inuAd
gene) (7). Among them, the most common resistance
mechanism is associated with erm genes, producing a
methylase enzyme to methylate ribosomal 23s rRNA
(8). According to the erm gene-associated resistance
mechanism, S. aureus shows 3 different resistance
phenotypes: (i) the constitutive MLSB (cMLSB)
phenotype (isolates are resistant to both erythromycin
and clindamycin), (ii) inducible MLSB (iMLSB)
phenotype (isolates become resistant to clindamycin in
the presence of an inducing substance like
erythromycin), and (iii) MS phenotype (isolates are
resistant to erythromycin but sensitive to clindamycin)
(9). Among these resistance phenotypes, inducible
clindamycin resistance (iMLSB) is a significant
clinical issue as it is not detectable by conventional
methods, and inaccurate identification may lead to
treatment failure (10). Therefore, for the identification
of inducible clindamycin resistance, a combination of
reliable phenotypic and genotypic methods is required
(11).

In Ardabil Province, little is known about the
prevalence of resistance to MLSB antibiotics and the
virulence properties of S. aureus isolates. This study
was performed for the first time to determine (i) the
frequency of resistance to erythromycin and
clindamycin, (ii) occurrence of inducible clindamycin
resistance, (iii) distribution of virulence genes, and (iv)
clonal relationship of isolates using the spa typing
method among S. aureus strains isolated from patients.

Material and Methods

Bacterial Isolates

A total of 118 S. aureus isolates, including 50
MRSA and 68 MSSA strains, were used in this cross-
sectional study. The strains were obtained from
patients admitted to 4 teaching hospitals in Ardabil
Province between February 2017 and June 2018. The
strains were stored frozen at -70 °C in Trypticase soy
broth (Merck, Germany) along with 15% glycerol
(Kimia, Iran) until tested.

Antimicrobial Susceptibility Testing

The minimum inhibitory concentrations (MICs) of
erythromycin (Bio Basic, Ontario, Canada) were
determined using the agar dilution method (12). The
isolates with an MIC of >8 ng/uL. were considered
erythromycin-resistant (13). The disk diffusion method
was used to evaluate the susceptibility of isolates to
clindamycin using a 2-pg clindamycin disk. The D-test
method was used to determine inducible clindamycin
resistance (iIMLSB) in erythromycin-resistant and
clindamycin-sensitive isolates. This was performed
using erythromycin (15 pg) and clindamycin (2 pg)
disks (Padtan Teb Company, Tehran, Iran). All tests

Vol.18 No.4 Fall, 2023

were performed and interpreted in accordance with the
Clinical and Laboratory Standards Institute (CLSI)
guidelines (13).

Detection of Resistance and Virulence Genes

Total DNA was extracted from S. aureus isolates
using a commercial kit (CinnaGen, Tehran, Iran)
according to the manufacturer’s instructions. The
extracted total DNA was evaluated and quantified
using a NanoDrop spectrophotometer (Thermo
Scientific, USA) and then stored frozen at -20°C until
use. Using the polymerase chain reaction (PCR), S.
aureus  isolates were further confirmed by
amplification of the nuc gene (encoding a thermostable
nuclease enzyme) using specific primers (Table 1). The
PCR for the amplification of the nuc gene was
performed in a 25-uL. PCR PreMix (CinnaGen, Tehran,
Iran) with 10 pmol of each primer under the following
conditions: 1 cycle of initial denaturation at 95°C for 5
min, 34 cycles of denaturation at 95°C for 30 s,
annealing at 58°C for 30 s, extension at 72°C for 45 s,
and 1 cycle of final elongation at 72°C for 7 min.
Similarly, singleplex PCRs were performed for the
identification of msrA and erm (erm A, erm B, erm C,
and erm TR) genes, as well as virulence genes sea, seb,
sec, sed, eta, etb, LuX/F-PV, hla, hid, and tst, in 25-uL
final volumes as mentioned earlier with different
annealing temperatures (Table 1). To confirm the
identity of the amplicons, the nucleotide sequence of a
randomly selected PCR product from resistance and
virulence genes was determined (Bioneer, Daejeon,
South Korea). Sequences were aligned and analyzed
using the BLAST program available at the National
Center for Biotechnology Information (NCBI). PCR
products were analyzed by electrophoresis on a 1.5%
agarose gel (SinaClon, Tehran, Iran) and stained with
DNA-safe stain (SinaClon, Tehran, Iran). Bands were
visualized under UV light (Uvitec, Cambridge, UK).

Spa Typing

The spa types of randomly selected erythromycin-
resistant S. aureus strains were determined using the
PCR-sequencing method with specific primers (Table
1). The PCR conditions were similar to the
amplification of other genes described earlier in the
text with a 62°C annealing temperature. The sequences
of one strand of the amplicons were determined at
Bioneer Company. The spa gene sequences were
analyzed by the online software
(http://www.spaserver.ridom.de); accordingly, the
isolates were assigned to particular spa types.

Statistical Analysis

The Chi-square test was used to measure the
statistical association between resistance
characteristics and isolate types (MRSA/MSSA). P-
values less than 0.05 were considered statistically
significant.
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Table 1. The primers sequences used in this study.

Meysam Manouchehrifar et al. 417

Product size Annealing
Gene Primer sequence (5 — 3) (bp) temperatures References
. (°C)

F: TCAGGAAAAGGACATTTTACC

G R: ATATAGTGGTGGTACTTTTTTGAGC
F: GGTAAAGGGCATTTAACGAC
ermB R:GGTAAAGGGCATTTAACGAC 494 60 25
owmc | F: CTTGTTGATCACGATAATTTCC 184 o1 55
R: TAGCAAACCCGTATTCCACG
F: TCAGGAAAAGGACATTTTACC
ermIR | o AAAATATGCTCGTGGCAC 375 61 25
e F: TCCAATCATTGCACAAAATC 164 57 )5
R: CAATTCCCTCTATTTGGTGGT
nla F: CTGATTACTATCCAAGAAATTCGATTG 209 57 .
R: CTTTCCAGCCTACTTTTTTATCAGT
nid F: AAGAATTTTTATCTTAATTAAGGAAGGAGTG " 5 5
R: TTAGTGAATTTGTTCACTGTGTCGA
sea F: GCAGGGAACAGCTTTAGGC 0 5 .
R: GTTCTGTAGAAGTATGAAACACG
b F: ACATGTAATTTTGATATTCGCACTG 164 5 5
R: TGCAGGCATCATGTCATACCA
sed F: GTGGTGAAATAGATAGGACTGC 278 s 5
R: ATATGAAGGTGCTCTGTGG
sec F: CTTGTATGTATGGAGGAATAACAA - s 2
R: TGCAGGCATCATATCATACCA
kS F: ATCATTAGGTAAAATGTCTGGACATGATCC 243 5 .
R: GCATCAASTGTATTGGATAGCAAAAGC
» F: GCTTGCGACAACTGCTACAG 126 sg 5
R: TGGATCCGTCATTCATTGTTAT
ota F: GCAGGTGTTGATTTAGCATT 0 s -
R: AGATGTCCCTATTTTTGCTG
F: ACAAGCAAAAGAATACAGCG
o R: GTTTTTGGCTGCTTCTCTTG 249 = 2%
e F: GCGATTGATTGATGGTGATACGGTT 57 sg .
R AGCCAAGCCTTGACGAACTAAAGC:
spa F: AMATCGATGGTAAAGGTTGGC Variable 61 2
R: AGTTCTGCAGTACCGGATTTGC
Eric | F: ATGTAAGCTCCTGGGGAATTCAC Variable 55 5

R: AAGTAAGTGACTGGGGTGAGCG

Table 2. Frequency of MLSg resistance phenotypes among strains of S. aureus

MRSA, N =50

ER-R, CL-R (cMLSg) 25 (50) *
ER-R, CL-S (iMLSg) 5 (10)
ER-R, CL-S (MS) 8 (16)
ER-S, CL-R 3(6)

MSSA, N = 68 Total N = 118
n (% n (%
2(2.9) 27 (22.9)

11(16.2) * 16 (13.5)
7(10.3) 15 (12.7)
6(8.8) 9 (7.6)

Abbreviations: MRSA; methicillin-resistant S. aureus, MSSA;methicillin-susceptible S. aureus, ER-R; Erythromycin resistant
, ER-S; Erythromycin susceptible, CL-R; Clindamycin resistant, CL S; Clindamycin susceptible. * P-value < 0.05 was considered

statistically significant

Results

According to the disk diffusion assay, 49.1%
(58/118) and 44% (52/118) of the S. aureus isolates
were resistant to erythromycin and clindamycin,
respectively. Furthermore, the MICs of erythromycin
ranged from 0.25 to 512 pg/mL. Consistent with the
disk diffusion assay results, 58 isolates showed MICs
over the resistance breakpoint (=8 pg/mL).

According to the D-test results, 27/118 (22.9%)
isolates showed the cMLSB resistance phenotype,
16/118 (13.5%) isolates showed the iMLSB phenotype,
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and 15/118 (12.7%) isolates showed the MS phenotype
(Table 2). The rate of the cMLSB resistance phenotype
was significantly higher in MRSA strains (P<0.05),
while the iMLSB phenotype was higher in MSSA
strains (P<0.05).

Erythromycin resistance genes were detected using
PCR in 58 erythromycin-resistant isolates. Thirty-five
(60.3%), 35 (60.3%), 42 (72.4%), 30 (51.7%), and 9
(15.5%) of the erythromycin-resistant strains showed
the presence of ermA, ermB, ermC, ermTR, and msrA
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genes, respectively (Figure 1). The occurrence of ermA
and ermC genes was significantly higher in MRSA
isolates. Nineteen different profiles of macrolide-
resistance encoding genes were observed in the S.
aureus 1solates. Profiles RP7, RP12, and RPI18
contained the highest percentage of macrolide
antibiotic resistance genes, while in 5 macrolide-
resistant isolates (8.6%), all resistance genes were
observed (RP19; Table 3).

Detection of Virulence Genes

Figure 2 shows the distribution of virulence-
encoding genes in MRSA and MSSA isolates. In the
present study, hemolysin-encoding genes hla and hld
were detected in 110 (93.2%) and 88 (74.5%) isolates,
respectively. Enterotoxin-encoding genes sea, sec, seb,
and sed were observed in 83 (70.3%), 7 (5.9%), 20
(17%), and 10 (8.5%) isolates, respectively. Exfoliative
toxin-encoding genes efa and etb were detected in 10
(8.5%) and 5 (4.2%) isolates. PVL- and TSST-1-

msrA L

ermTR |

ermC

ermB

Resistance genes

ermA P
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encoding genes (lukSF-PV and tst) were found in 38
(33.2%) and 35 (29.6%) isolates, respectively. In
comparison, the incidence of seb and tst genes was
significantly higher in MRSA strains (P<0.05), while
the efa gene was significantly higher in MSSA isolates
(P<0.05). However, a total of 29 different virulence
gene profiles were detected in the S. aureus isolates,
with VP10 as the predominant profile containing //a,
hld, sea, and tst genes (Table 4).

Spa Typing

Out of the 58 isolates evaluated, a total of 10 spa
types were identified. The most frequent types were
t030 (in 23 isolates [39.6%]) and t078 (in 14 isolates
[21.4%]), followed by t7065 (in 6 isolates [10.34%)]),
t2018 (in 3 isolates [2.17%]), t325 (in 2 isolates
[3.44%]), t11649 (in 2 isolates [3.44%]), t304 (in 2
isolates [3.44%]), t021 (in 2 isolates [3.44%]), t310 (in
2 isolates [3.44%]), and t002 (in 2 isolates [3.44%]; see

Figure 3).

Total MMSSA EMRSA

| *

0 10 20

30

40 50 60 70 80

Frequency (%)

Fig. 1. Distribution of macrolide resistance encoding genes in erythromycin-resistant strains of S. aureus collected from clinical
specimens in the teaching hospitals in Ardabil, Northwest, Iran.

* P-value of 0.05 or below was considered statistically significant

Total mMSSA = MRSA

eth

eta

luk

Virulence genes

40
Frequency (%)

S0 60 70 80 90 100

Fig. 2. Frequency distribution of virulence encoding genes among MRSA and MSSA strains collected from clinical specimens in

the teaching hospitals in Ardabil, Northwest, Iran.

Abbreviations: MRSA-methicillin-resistant S. aureus, MSSA-methicillin-susceptible S. aureus.
* P-value of 0.05 or below was considered statistically significant.

Table 3. Combination pattern of resistance encoding genes among erythromycin-resistant strains of S. aureus

Vol.18 No.4 Fall, 2023

IRANIAN JOURNAL OF PATHOLOGY



Meysam Manouchehrifar et al. 419

. S. aureus strains
Resistance

Profile Gene (s) MRSA MSSA Total
N =38,n (%) N =20, n (%) N=158,n (%)
RP1 ermA 1(2.6) - 1(1.7)
RP2 ermB 2(5.3) - 23.5)
RP3 ermC 2(5.3) 3(15) 5(8.6)
RP4 ermTR 2(5.3) 1(5) 3(5.2)
RP5 msr4 1(2.6) - 1(2.6)
RP6 ermA+ermB 1(2.6) 1(5) 2 (3.5)
RP7 ermA+ermC 6 (15.8) - 6 (10.3)
RP8 ermC+ ermTR 2(5.3) 1(5) 3(.2)
RP9 ermB+ermC - 2 (10) 2(3.5)
RP10 ermB+ msrA - 1(5) 1(1.7)
RP11 ermA+ ermTR 1(2.6) - 1(1.7)
RP12 ermA+ermB+ermC 5(13.1) 2 (10) 7 (12.1)
RP13 ermA+ermC+ ermTR 2 (5.3) 1(5) 3(5.2)
RP14 ermA+ermB+ ermTR 2(5.3) 2 (10) 4 (6.9)
RP15 ermB+ermC+ msrA - 1(5) 1(1.7)
RP16 ermB+ermC+ermTR 2(5.3) 2 (10) 4 (6.9)
RP17 ermB+ ermTR+ msrA - 1(5) 1(1.7)
RP18 ermA+ermB+ermC+ermTR 4 (10.5) 2 (10) 6 (10.3)
RP19 ermA+ermB+ermC+ermTr+msrA 5(13.1) - 5(8.6)

Abbreviations: MRSA-methicillin-resistant S. aureus, MSSA-methicillin-susceptible S. aureus.

1002

t310
Total mMSSA mMRSA

1021

t304

t11649

325

spa types

t2018
t7065
t078
1030

0 5 10 15 20 25 30 35 40 45
Frequency (%)

Fig. 3. Frequency of spa types among MRSA and MSSA strains isolated from patients in the teaching hospitals in Ardabil,
Northwest, Iran.

Abbreviations: MRSA-methicillin-resistant S. aureus, MSSA-methicillin-susceptible S. aureus.
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Table 4. Distribution of toxins gene profiles among erythromycin-resistant strains of S. aureus

Virulence

S. aureus strains
Profile

Gene (s)

MRSA MSSA Total

N=38, n (%) N=20, n (%) N=58, n (%)
VP1 sea 1(2.6) - 1(1.7)
VP2 hla + sea 2(5.3) - 2 (3.5)
VP3 hla + luk 1(2.6) - 1(L.7)
VP4 hld+ sea - 1(5 1(1.7)
VP5 hla +hid + sea 6 (15.8) 1(5 7 (12.1)
VP6 hla +hld +sed - 1(5) 1(1.7)
VP7 hla + sea +Iluk - 1(5) 1(1.7)
VP8 hla + sed +tst 1(2.6) - 1(1.7)
VP9 hla +hld + sea + luk - 3(15) 3(5.2)
VP10 hla +hld + sea + tst 5(13.2) 2 (10) 7 (12.1)
VP10 sec+ hla+hld +sea 6 (15.8) - 6(10.4)
VP11 hla +hid + sea + seb 1(2.6) 1(5) 23.5)
VP12 hla +hid + sea + etb 1(2.6) 1(5) 2(3.5)
VP13 hla +hld + sea + eta - 1(5) 1(1.7)
VP14 hla + sea +seb +tst 1(2.6) - 1(1.7)
VP15 hla + luk + seb +tst 2(5.3) - 2 (3.5)
VP16 hla +hid + luk + tst 2(5.3) - 23.5)
VP17 hla +hid + sea + sed 1(2.6) - 1(1.7)
VP18 hla + sea +luk + seb 1(2.6) - 1(1.7)
VP19 hla+sea+luk+seb+tst - 1(5) 1(1.7)
VP20 sec + hla + sea + luk 1(2.6) - 1(1.7)
VP21 hla +hld + sea + eta + tst - 1(5) 1(1.7)
VP22 hla +hid + sea + luk + tst 2(5.3) 1(5 3(.2)
VP23 hla +hid + sea + seb + tst 2(5.3) 1(5) 3(5.2)
VP24 hla +hld + sea + etb+ seb - 1(5) 1(1.7)
VP25 sect+ hla+hld +sea+ luk 1(2.6) - 1(1.7)
VP26 sect hla+hld +sea+ luk+ seb - 1(5) 1(1.7)
VP27 sect+ hla+hld +sea+seb+sed 1(2.6) - 1(1.7)
vPzs ke osebrot : 16) 107
VP29 hla +hld + sea + ) 165) 1(1.7)

luk+seb+sed+ tst

Abbreviations: MRSA; methicillin-resistant S. aureus, MSSA; methicillin-susceptible S. aureus.
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Discussion

Drug resistance and virulence factors are 2
important aspects of S. aureus pathogenicity (14).
Frequent increases in infections caused by
Staphylococcus strains and the changes in antibiotic
resistance patterns have led to the reuse of effective
agents (such as macrolide-lincosamide antibiotics) in
the treatment of systemic and localized infections
caused by this organism. These drugs, although having
different structures, have the same function against S.
aureus (14). The frequency of erythromycin-resistant
S. aureus was 49.1% in our study. The rate is slightly
higher (40%-43.8%) than results reported from other
cities in Iran and lower than the reports from countries
such as India (51.7%), Korea (77.5%), and Turkey
(60.4%) (15, 16).

Clindamycin is associated with a high absorption
capacity; therefore, it is used in the treatment of
staphylococcal bone and skin infections (17). Due to
the increased resistance to clindamycin among S.
aureus isolates, the possibility of treatment failure with
this antibiotic is not unlikely (18). The rate of
clindamycin-resistant S. aureus was 44% (in 52
isolates) in Ardabil Province. Findings reported from
other cities in Iran and other countries were in a similar
range: Tabriz (38%), Tehran (35.6%), Shiraz (36%),
and India (34.4%) (19). The emergence of drug-
resistant S. aureus isolates, including methicillin- and
MLSB-resistant strains, is attributed to a combination
of factors, including the overuse or misuse of
antibiotics and the ability to exchange genetic material
through resistance plasmids (20). Because of a similar
mechanism of action, cross-resistance in MLSB
antibiotics is common in gram-positive cocci (21).
Inducible clindamycin resistance may occur in
erythromycin-resistant staphylococci due to erm genes,
which is not detectable through the common disk
diffusion method (22). Inducible clindamycin
resistance in S. aureus strains (iMLSB) was reported
between 7%-94% worldwide (23). In this study, the
frequency of cMLSB, iMLSB, and MS phenotypes in
S. aureus isolates was 22.9% (in 27 isolates), 13.5% (in
16 isolates), and 12.7% (in 15 isolates), respectively. In
studies conducted in different cities of Iran, the
prevalence of cMLSB, iMLSB, and MS phenotypes in
S. aureus isolates was as follows: in Ghazvin, it was
37% for cMLSB, 6.5% for iMLSB, and 1.3% for MS
phenotypes; in Arak, it was 9.5% for cMLSB, 2.5% for
iMLSB, and 2.5% for MS phenotypes; in Tehran, it
was 88% for cMLSB, 7% for iMLSB, and 3% for MS
phenotypes; in Isfahan, it was 32% for cMLSB, 6% for
iMLSB, and 6% for MS phenotypes; and in Kerman, it
was 51.2% for cMLSB, 8.6% for iMLSB, and 9.3% for
MS phenotypes (24-25). The frequency of the iMLSB
resistance phenotype in this study was higher than in
other studies in Iran, indicating an increased rate of
erythromycin antibiotic use in Ardabil. Additionally, in
Denmark, Turkey, and Greece, the frequency of the

Vol.18 No.4 Fall, 2023

Meysam Manouchehrifar et al. 421

iMLSB resistance phenotype was 48.6%, 20.6%, and
35%, respectively (11, 22, 26). It is well-known that
MRSA isolates are often multidrug-resistant (27).
Accordingly, in this study, resistance to clindamycin
and erythromycin was significantly higher in MRSA
isolates than in MSSA isolates. However, the
frequency of the iMLSB phenotype was significantly
higher in MSSA isolates than in MRSA isolates. While
more attention is paid to the treatment of infections due
to MRSA isolates, MSSA should also be considered
seriously. The prevalence of various erm genes among
erythromycin-resistant S. aureus in Ardabil was as
follows: 60.3% (in 35 isolates), 60.3% (in 35 isolates),
72.4% (in 42 isolates), and 51.7% (in 30 isolates) for
ermA, ermB, ermC, and ermTR genes, respectively.
The msr4 gene was found in 9 (15.5%) erythromycin-
resistant S. aureus isolates. In our study, the prevalence
of various erm genes in erythromycin-resistant S.
aureus was higher compared to the reported rates in
Greece (28) and Belgium (29); however, it was lower
than the prevalence rates reported in other studies
conducted in Iran (30), as well as 2 published studies
from Turkey (11, 31). In this study, several resistance
gene profiles were observed. The isolates with multiple
resistance-encoding genes showed higher MIC values
for erythromycin. Usually, bacteria collect multiple
arrays of resistance determinants to limit the activity of
an antibiotic (32).

Toxins are among the main factors contributing to
the pathogenesis of S. aureus infections (33).
Hemolysin-encoding genes (%/a and hld) were the most
common toxin-encoding genes identified. This result is
consistent with other studies that have reported a high
prevalence of hemolysin-encoding genes in S. aureus
isolates.

In SE-encoding genes, sea is the most prevalent one
reported to date (33). It has been reported that SEA is
responsible for most common human staphylococcal
food poisoning diseases worldwide (34). Similarly, in
the current study, sea was reported as the dominant
gene encoding staphylococcal enterotoxins, while seb,
sed, and sec genes were less common. However, seb
encodes an enterotoxin (SEB) that is responsible for
severe staphylococcal diseases beyond food poisoning
(35).

TSST-1 is a superantigen responsible for a life-
threatening disease, toxic shock syndrome caused by S.
aureus. In the current study, TSST-1-encoding gene,
tst, was detected in 33% of the isolates. Previously, the
tst gene was reported between 1.5%-39% in clinical S.
aureus isolates (36, 37). However, a higher frequency
(78%) of the #st gene was reported in S. aureus isolates
collected from healthy children (29).

In the current study, /uk (a PVL-encoding gene)
was identified in 38 (33.2%) S. aureus isolates.
Inconsistent results have been reported in the
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prevalence of the /uk gene. For instance, in a study
conducted by Horvath et al. in Hungary, 2.3% of S.
aureus isolates carried the luk gene (38), while in
another study performed by Shukla ef al. in the USA,
almost all isolates were positive for the luk gene (39).

The majority of isolates in the current study
contained multiple toxin-encoding genes (=3). The
toxins were not found to be exclusive to MRSA or
MSSA isolates. However, the frequency of some toxin
genes was different between MRSA and MSSA
isolates. In comparison, the rate of /4/a and hld genes
was significantly higher in MRSA isolates, while the
rate of sed and efa genes was significantly higher in
MSSA isolates. This indicates that there is no absolute
superiority in virulence between MRSA and MSSA
isolates. Other variables may cause increased mortality
in MRSA infections (38).

Spa typing is a fast and accurate method to
distinguish S. aureus isolates in outbreaks (40). In the
present study, out of the 58 erythromycin-resistant S.
aureus isolates, 10 different spa types were identified.
However, 23 (39.6) and 14 (24.1) isolates belonged to
t030 and t078 spa types, respectively. This indicates
partially clonal dissemination of isolates in the study
settings. According to previous reports, spa types t030,
t037, and t002 were the most common types in Asian
countries, and t037 is the dominant type in Iran (41). In
this study, t037, the most common circulating spa type
in Iran, was not detected. In a similar study performed
in the same setting on S. aureus isolates collected from
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understanding the clonal relationship of the isolates to
establish effective infection control measures.
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