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ABSTRACT

Objective(s): Staphylococcus aureus is an important infectious agent and the majority of methicillin-
resistant S. aureus (MRSA) infections are of nosocomial origin. To define the level and distribution of
antiseptic resistance among infectious S. aureus strains we studied MRSA and methicillin-susceptible
S. aureus (MSSA\) isolates collected from different infection sites in an assortment of patients.
Materials and Methods: S. aureus isolates were investigated for in vitro susceptibility to antiseptic
agents and detection of gacA/B, smr, vanA, and mecA genes.

Results: Among the S. aureus isolates we studied, 25 and 41 were MRSA and MSSA, respectively. The
mean of minimum inhibitory concentrations (MICs) for benzethonium chloride (BTC) among MRSA
was statistically significantly higher than for MSSA (26 pg/ml versus 11.7 pg/ml, P=0.003) while
there was no significant difference between MRSA and MSSA for benzalkonium chloride (BKC) and
chlorhexidine digluconate (CHG). The gacA/B genes were carried in 68% of the MRSA and 58.2%
of MSSA (P=0.601), while smr was carried in 39% of MRSA and 29.3% of MSSA strains (P=1.000). In
15 out of 25 cases, MRSA ST239 with spa types t037, t030, and t7688 was isolated from the infection
site with 86.6% of them carrying a resistance gene (qacA/B or gacA/B + smr).

Conclusion: The frequent presence of antiseptic resistance genes and a consequently elevated MIC
against antiseptics among ST239 MRSA emphasizes the importance of mandatorily monitoring MRSA
for effective infection control.
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Introduction

Staphylococcus aureus is an important infectious agent,
and the majority of methicillin-resistant S. aureus (MRSA)
related infections are of nosocomial origin. MRSA is well
known to be resistant to beta-lactam antibiotics and other
antibiotics as well (1). Also, vancomycin resistance among
S. aureus is becoming an increasingly important issue (2)
reported from different parts of the world (3, 4), including
Iran (5). Despite the selective use of antibiotics and
additional prevention strategies, MRSA-related nosocomial
infections are still a major problem. Disinfection and
decolonization may fail in the hospital setting because of
possible resistance to antibiotics and antiseptic agents that
may lead to increased severity of staphylococcal infections
and extension of associated clinical and epidemiological
problems. Infection control management strategies
including decontamination of colonized body sites using
antiseptic agents such as chlorhexidine and quaternary
ammonium compounds have been shown to reduce the risk
of invasive nosocomial infections (6, 7).

Damaging the phospholipid bilayer and cytoplasmic
membrane disruption are anti-bacterial characteristics of
chlorhexidine and quaternary ammonium compounds.
Resistance to these compounds is primarily mediated by
multidrug efflux pumps encoded by two families of PCR
non-differentiable genes (qacA, qacB and qacC, qacD, and
ebr) known as the qacA/B and smr families, respectively (8).
These plasmid-located, transferable gene families confer
high and low-level resistance to antiseptics, respectively (9,
10).

In the current study, we define the level and distribution
of antiseptic resistance among infectious S. aureus strains.
We studied the MRSA and MSSA isolates collected from
different infection sites of hospitalized patients in Imam
Hassan Hospital of Bojnurd, the main referral hospital
center in the North Khorasan Province in Iran.

Materials and Methods
Study samples
The current study used the S. aureus isolates collected
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from infected hospitalized patients in Imam Hassan
Hospital, the main tertiary care referral hospital in North
Khorasan Province, Iran. The study duration was from
January to December 2020.

All isolates were identified to the species level in
the hospital laboratory and were reconfirmed in the
microbiology laboratory at the Faculty of Medicine by
standard Gram staining, catalase testing, mannitol testing,
and tube coagulation assays. All isolates were further
confirmed as S. aureus by Sa442 PCR (11). The S. aureus
isolates were confirmed as MRSA by oxacillin and cefoxitin
susceptibility testing according to Clinical and Laboratory
Standard Institute (CLSI) guidelines (12) and mecA PCR
(13) (sequence of primers and used programs deposited in
the supplementary information file).

All isolates were then stored at -30 °C in Trypticase Soy
Broth (TSB), supplemented with 20% glycerol (HiMedia,
India). Chromosomal DNA was extracted using a
commercial DNA extraction kit (Poyagene Azma, Iran)
according to the manufacturer’s instructions. Purified DNA
was used for molecular investigations.

Antiseptic susceptibility testing

Susceptibility to quaternary ammonium compounds such
as benzethonium chloride (BTC), benzalkonium chloride
(BKC), and biguanide compounds such as chlorhexidine
digluconate (CHG; Sigma-Aldrich, Steinheim, Germany) was
determined using the Mueller-Hinton broth microdilution
method (BMD) (8). A concentration of 1.25 to 1250 ug/ml of
antiseptic was used for measuring the MICs.

Detection of genes encoding antibiotic resistance, antiseptic
resistance, and regulators

All isolates were screened for the presence of gacA/B, smr
(gacC, qacD, and ebr), and vanA genes as described before
(5, 8). Multiplex PCR for detection and characterization
of the staphylococcal cassette chromosome mec (SCCmec)
and accessory gene regulator (agr) typing were performed
by protocols described before (13-15) (sequence of primers

Table 1. Patients' demographic data and Staphylococcus aureus infection sites
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and used programs deposited in the supplementary information
file).

Spa typing

All isolates were subjected to spa typing using previously
described methods (16) and exploiting the services
provided by Ridom SpaServer (https://spaserver.ridom.
de/). Related multi-locus sequencing typing (MLST) results
were extracted from Ridom SpaServer if available.

Statistics

Differences between MSSA and MRSA strains were tested
for significance using Fischer exact test and independent
samples t-test. P-values<0.05 were considered significant.

Results

Resulting from the 76 reported S. aureus infections in the
study period, 66 S. aureus isolates from different infection
sites were available. These included 25 MRSA and 41 MSSA
strains. S. aureus isolates were obtained from different
clinical samples such as tracheal aspirates (n = 27), blood
samples (n = 14), wound swabs (n = 12), urines (n = 6), and
others (n = 7). The mean age of the infected patients was 48
(4-85) years comprising 38 (57.6%) males and 28 (42.4%)
females (Table 1). The vast majority of strains originated
from the Intensive Care Unit (ICU) (n=25, 37.8%) and
the emergency ward (n=14, 21.2%). The highest rate of
MRSA infection (n=13, 52%) was documented among
ICU patients. All emergency ward infections agents were
MSSA (n=14, 34.1%) (Table 1). Tracheal aspirate yielded
the highest number of S. aureus (n=27, 40.9%), followed
by blood (n=14, 21.1%), and wound swabs (n=12, 18.1%)
while most lung infections were apparently caused by
MRSA (n=15, 60%) (Table 1).

There was a significant difference in the MICs for BTC
between MRSA strains (26 ug/ml) and MSSA strains (11.7
pg/ml) (P=0.003) (Table 2). No significant differences in

Gender Age Ward Site of infection
S. aureus Male Female Hean =) = ; g o o = ¢ K 5
’ we 5 2 F 5 £ 2 2 & 8 2 2 8 3
No. (%) Years No. (%) No. (%)
MSSA 19 (46.3) 22(53.7) 49 (4-85) 12(29.3) 4(9.7) 1(24) 14 (34.1) 3(73)  4(97) 2(48) 1(24) 12(293) 12(29.3) 6(14.6) 4(97)  7(17.1)
MRSA 19 (76) 6(24) 54(9-83) 13 (52) 4(16) 0 0 2(8) 1(4) 4(16) 1(4) 15 (60) 2(8) 6(24) 2(8) 0
Total 38(57.6) 28 (42.4) 48 4-85) 25(37.8) 8(12.1) 1(L5) 14(21.2) 5(75) 5(75) 6(9.1) 2(3) 27(409) 14(21.1) 12 (18.1) 6(9.1)  7(10.6)

ICU: intensive care unit, INT: internal medicine, Heart: cardiology, EMRG: emergency, SW: special ward, INF: infectious diseases, PEDI: pediatric, LC:
tracheal aspirate culture, BC: blood culture, UC: urine culture, WC: wound culture

Table 2. MIC of antiseptic compounds among MSSA and MRSA strains

MIC BTC BKC CHG
X M
S aureus Mean (range) pg/ml P can (range) P Mean (range) pg/ml P
ug/ml
MSSA
5 117 (25-39) 20,6 (2.5-39) 222 (39-625)
0.003 0.200 0.460
MRSA
RS 26 (5-78) 35.5 (5-155) 274 (78-625)
Total
ota 26.5 (2.5-625) 35.5(2.5-625) 255 (39-625)

MSSA: methicillin-sensitive Staphylococcus aureus, MRSA: methicillin-resistant Staphylococcus aureus, BTC: benzethonium chloride, BKC: benzalkonium
chloride, CHG: chlorhexidine digluconate, MIC: minimum inhibitory concentration, P: independent samples t-test
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Table 3. Distribution of resistance and regulatory genes among MSSA and MRSA strains

Genes

Resistance agr SCCmec
S. aureus
qacA/B smr Sum* I I Jats v NT I I 111 v XI
No. (%) No. (%) No. (%)
MSSA 24(585) 12(29.3) 28(68.3)  33(80.5) 1(24) 409.8) 0 3(7.3)
MRSA 17 (68) 8(32) 18 (72) 23(92) 0 2(8) 0 0 4(16) 2(8) (1) 7 (28) 1(4)
Total 41(62.1)  20(30.3) 46(69.7) 56 (84.8) 1(15)  6(9.1) 0 3(4.5) 4(16) 2(8) 1 7 (28) 1(4)

(44)

MSSA: methicillin-sensitive Staphylococcus aureus, MRSA: methicillin-resistant Staphylococcus aureus,*: Some strains had two genes simultaneously, NT:
Not typeable, smr: identical to qacC, qacD, and ebr, gacA/B: identical to gac A and gacB

MICs for BKC (P=0.200, 35.5 pg/ml versus 20.6 ug/ml) and
CHG (P=0.460, 272 pg/ml versus 222 pug/ml) among MRSA
and MSSA were observed (Table 2 and the supplementary
data file).

Among the S. aureus isolates, 69.7% harbored at least
one resistance gene while no significant difference between
MRSA and MSSA was observed (72% MRSA versus 68.3%
MSSA, P=0.7899) (Table 3). The incidence of the qacA/B
genes among MRSA (68%) was higher than MSSA (58.2%)
but again there was no statistically significant difference
(P=0.6016). No difference in the distribution of the smr
gene between MRSA and MSSA was observed either
(P=1.000). The qacA/B genes presented among n=41/66
isolates (62.1%) in comparison with the smr gene that was
detected among n=30/66 of S. aureus isolates (30.3%) (Table
3). No vanA gene responsible for vancomycin resistance and
phenotypic resistance to vancomycin was detected.

The most common agr type among MSSA (n=33/41,
80.5%) and MRSA (23/25, 92%) was agr . Among agr
I type isolates, the qacA/B gene was detected in 34.7%
(8/23) of MRSA and 63.6% (21/33) of MSSA isolates with
no significant difference (P=0.2449). Among the MRSA,
SCCmec III (11/25, 44%) and SCCmec IV (7/25, 28%) were
the most common types (Table 3).

Among the MRSA strains, the mean MICs against three
antiseptic reagents were higher in t037, t030, and t7688
(n=15) ST239 strains (Table 4). The majority of t037/ST239
(n=11/12) and the only t7688/ST239 strains were isolated
from tracheal aspirate cultures among ICU ward patients.
Wound cultures (n=4/8) and urine cultures (n=2/8) were
the common clinical sources for t230/ST45 MRSA strains
from the patients in different wards (Table 4 and the
supplementary information file).

Among MRSA strains, the majority of (t037, t030, and
t7688)/ST239 strains (86.6%) were qacA/B gene-positive,

and five t037/ST239 strains were positive for gac and smr
simultaneously (Table 4). Only one t037/ST239 strain
harbored no antiseptic resistance gene at all. The prevalence
of resistance genes among other MRSA strains was 40% and
30% for qacA/B and smr, respectively (Table 4).

A review of the SSCmec types encountered in our study
is presented in Table 4. The majority of MRSA strains were
typed as SCCmeclIl (n=11) when 9 of them were t037/
ST239 strains (Table 4). The only t7688/ST239 MRSA strain
was SCCmecXI, and it harbored the gacA/B gene as well
(Table 4).

Spatyping of MSSA strains revealed more genetic diversity
in comparison with Spa typing of MRSA. The distribution
of resistance genes among MSSA strains was more diverse
than among MRSA (supplementary information file).

Discussion

S. aureus, especially MRSA, is a well-known source of
nosocomial infection in Iran (17). Staphylococcal infections
are occurring from both endogenous and exogenous sources.
Even though S. aureus preferentially colonizes the anterior
nares, which may lead to endogenous infection, such
colonized patients remain at risk of exogenous infections
as well (18). Antiseptic resistance among MRSA has been
reported in Iran before (19), but we here present the first
study that compared the actual MIC values in combination
with documented presence of antiseptic resistance genes in
strains isolated from infections in Iran.

The highest measured MICs for antiseptic agents (625 pg/
ml) that we documented among S. aureus strains included
in the present study are still lower than the recommended
concentration of use (2000, 1000, and 5000 pg/ml for BKC,
BTC, and CHG, respectively) (19). t037, t030, and t7688
(ST239/CC8) strains were reported as successful MRSA
and MSSA strains in the hospital setting of Iran (17, 20-

Table 4. Typing results, resistance genes distribution, and MIC against antiseptics among MSSA and MRSA strains

MLST Resistance genes (No.) BTC BKC CHG
Spa type(No.)/CC
s ST/CC SCCmecA gac  Total  smr Total mean MIC pg/ml (range)
S 111(10), 1(3),
] 1037 (12) /37,130 (2) /37 239/8 11(2) 12 5 27.7 (9.7-78) 43.7 (9.7-155) 305 (78-625)
DE‘ 17688 (1) /24 239/8 SCCmec C 1 17 0 8 39 39 155
1230 (8)/S 45/45 v (7),1 2 68% 2 32% 21.3(5-78) 20.7 (5-78) 214 (78-625)
t1741 (2)/S 1T 2 1 332 (39-625) 332(39-625) 468 (310-625)
. {790 (9), t1149 (7), 701 (4), 1571 (3)
>
= 1077 (3),£1077 (3), 5598 (2 21 24 12 12
5 @ @ @ 11.7 (2.5-39) 20.6 (2.5-39) 222 (39-625)
§ 12622 (2),t127, 1706, NT (2) 58.5% 29.3%
30 (3), t12 (2) ,t05 239,30,22 3 0

S: Singleton , CC: Clonal cluster, ICU: Intensive care unit, Nero; Nephrology, MIC: minimum inhibitory concentration
MSSA: methicillin-sensitive Staphylococcus aureus, MRS A: methicillin-resistant Staphylococcus aureus, BTC: benzethonium chloride, BKC: benzalkonium
chloride, CHG: chlorhexidine digluconate, LC: tracheal aspirate culture, BC: blood culture, UC: urine culture, WC: wound culture
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26) and Asia (27). The elevated prevalence of antiseptic
resistance genes and the concurrent increase in MIC against
antiseptic agents among mentioned infectious strains poses
a clinical dilemma. The possible use of a subinhibitory dose
of disinfectants in the hospital setting may increase the
chance of further enhancing those MICs. This could happen
through dilution of cleansing liquids or other mechanisms
such as up-regulation of efflux pumps (28). In consequence,
it may also lead to a higher chance of exposing patients to
these successful and potentially invasive MRSA isolates in
hospitals.

In the current study, qacA/B genes, which provide
resistance to a broader range of biocides than smr (29-31),
were the predominant resistance genes as was reported
before in the United States (32), European countries (33),
Japan (34), Iran (19), China (35), and Hong Kong (36). The
incidence of gacA/B reported here is higher than reported
results from 11 Asian countries (38.5%) (37) including
Korea (59%) (38). It is lower than what was reported before
in Malaysia (83.3% and 69.4%) (39, 40). The detected
prevalence of the qacA/B gene is almost the same as in 12
European countries (62.6%) (33).

This is the first report of t7688/ST239 strains from
infections in our study region. t7688/ST239 was reported
earlier as a livestock-related clone (25) and it was registered
previously as a colonizing strain from Iran in Ridom spa
server (https://spaserver.ridom.de/). t7688/ST239 was
isolated before from the hands of staff nurses and the hospital
environment (41), and it also revealed itself as a successful
cause of infection which was isolated from different infection
sites in hospitals in Iran (24-26). It seems that t7688/ST239
is one of the successful clones among ST239/CC8 MRSA
strains in Iran. The presence of antiseptic resistance genes
followed by elevated MICs against antiseptic agents verifies
the importance of detailed monitoring of all MRSA strains,
colonizers, or infections from different clones.

SCCmeclV was reported among t7688/ST239 MRSA
strains in some Iranian studies before (25, 41), whereas
the current study revealed for the first time the presence of
SCCmecXI in this clone. We have seen no prior report of
SCCmecXI among ST239/CCS8 strains. The SCCmecXI was
reported among CC130 strains from human and livestock
sources from European countries including the United
Kingdom and Denmark (42) (43). The majority of other
reports involved different wild animals such as European
otters and a European brown hare from Austria (44) as
well as European hedgehogs from Sweden (45). Since then,
zoonotic transmission (46) and its association with invasive
disease (47) have been reported. There is no report for
detecting the SCCmecXI gene among strains harboring the
human-specific immune evasion cluster (IEC) (48). The
presence of this SCCmec type among ST239/CC8 strains
that reported positive for IEC genes in Iran (49, 50) and
other countries (51, 52) warns of the possibility of the
presence of wild animal-related S. aureus clones in regional
hospitals and transferring other virulence genes from them
to human-adapted strains.

Conclusion

The results of the current study highlight the value of
close monitoring of MRSA strains in the hospital setting
for the presence of antiseptic resistance genes and their
associated phenotypic resistance. Typing and screening the
clones circulating in a hospital is strongly recommended

778

MS

Antiseptic resistance among MRSA, Iran

for better understanding the epidemiology of antiseptic
resistant MRSA strains, especially S. aureus clones that are
also common among wild animals.

Acknowledgment
Not applicable.

Authors’ Contributions

HGM Performed conceptualization, project
administration, and wrote the original draft; AA Helped
with investigation and resources; VD, SN, and SS Provided
investigation; AS Helped review and edit; AVB Helped
write, review, and edit, and gave scientific advice.

Funding Information
This work received no specific grant from any funding
agency.

Ethical Approval

Sample collection was performed according to the rules
and regulations set by the Ethical Committee of North
Khorasan University of Medical Sciences (project number:
IR.NKUMS.REC.1394.027).

Conflicts of Interest
The authors declare that there are no conflicts of interest.

Referencess

1. Craft KM, Nguyen JM, Berg L], Townsend SD. Methicillin-
resistant Staphylococcus aureus (MRSA): antibiotic-resistance and
the biofilm phenotype. Med Chem Comm 2019; 10: 1231-1241.

2. Ploy MC, Grélaud C, Martin C, de Lumley L, Denis F. First
clinical isolate of vancomycin-intermediate Staphylococcus aureus
in a French hospital. Lancet 1998; 351: 1212-1212.

3. Rong SL, Leonard SN. Heterogeneous vancomycin resistance in
Staphylococcus aureus: A review of epidemiology, diagnosis, and
clinical significance. Ann Pharmacother 2010; 44: 844-850.

4. Wu Q, Sabokroo N, Wang Y, Hashemian M, Karamollahi
S, Kouhsari E. Systematic review and meta-analysis of the
epidemiology of vancomycin-resistance Staphylococcus aureus
isolates. Antimicrob Resist In 2021; 10: 1-13.

5. 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. ] Clin Microbiol 2012;
50: 3581-3585.

6. Simor AE, Phillips E, McGeer A, Konvalinka A, Loeb M, Devlin
HR, et al. Randomized controlled trial of chlorhexidine gluconate for
washing, intranasal mupirocin, and rifampin and doxycycline versus
no treatment for the eradication of methicillin-resistant Staphylococcus
aureus colonization. Clin Infect Dis 2007; 44: 178-185.

7. Bode LG, Kluytmans JA, Wertheim HE Bogaers D,
Vandenbroucke-Grauls CM, Roosendaal R, et al. Preventing
surgical-site infections in nasal carriers of Staphylococcus aureus.
New Engl ] Med 2010; 362: 9-17.

8. Noguchi N, Hase M, Kitta M, Sasatsu M, Deguchi K, Kono M.
Antiseptic susceptibility and distribution of antiseptic-resistance
genes in methicillin-resistant Staphylococcus aureus. FEMS
Microbiol Lett 1999; 172: 247-253.

9. Paulsen IT, Brown MH, Skurray RA. Characterization of
the earliest known Staphylococcus aureus plasmid encoding a
multidrug efflux system. ] Bacteriol 1998; 180: 3477-3479.

10. Littlejohn TG, DiBerardino D, Messerotti L], Spiers SJ, Skurray
RA. Structure and evolution of a family of genes encoding

Iran J Basic Med Sci, Vol. 25, No. 6, Jun 2022



Antiseptic resistance among MRSA, Iran

antiseptic and disinfectant resistance in Staphylococcus aureus.
Gene 1991; 101: 59-66.

11. Martineau E Picard FJ, Roy PH, Ouellette M, Bergeron MG.
Species-specific and ubiquitous-DNA-based assays for rapid
identification of Staphylococcus aureus. ] Clin Microbiol 1998; 36:
618-623.

12. CLSI. Clinical and Laboratory Standards Institute, Performance
Standards for Antimicrobial Susceptibility Testing. Informational
Supplement CLSI Document M100 2020; 30th

13. Oliveira DC, Lencastre Hnd. Multiplex PCR strategy for rapid
identification of structural types and variants of the mec element
in methicillin-resistant Staphylococcus aureus. Antimicrob Agents
Ch 2002; 46: 2155-2161.

14. Boye K, Bartels M, Andersen I, Moller J, Westh H. A new
multiplex PCR for easy screening of methicillin-resistant
Staphylococcus aureus SCCmec types I-V. Clin Microbiol Infec
2007; 13: 725-727.

15. Peerayeh SN, Azimian A, Nejad QB, Kashi M. Prevalence of
agr specificity groups among Staphylococcus aureus isolates from
university hospitals in Tehran. Lab Med 2009; 40: 27-29.

16. Shopsin B, Gomez M, Montgomery S, Smith D, Waddington M,
Dodge D, et al. Evaluation of protein A gene polymorphic region
DNA sequencing for typing of Staphylococcus aureus strains. ] Clin
Microbiol 1999; 37: 3556-3563.

17. Dadashi M, Nasiri M]J, Fallah F, Owlia P, Hajikhani B, Emaneini
M, et al. Methicillin-resistant Staphylococcus aureus (MRSA) in
Iran: a systematic review and meta-analysis. ] Glob Antimicrob Re
2018; 12: 96-103.

18. Ghasemzadeh-Moghaddam H, Neela V, van Wamel W, Hamat
R, Nor Shamsudin M, Hussin NSC, et al. Nasal carriers are more
likely to acquire exogenous Staphylococcus aureus strains than
non-carriers. Clin Microbiol Infec 2015; 21: €991-997.

19. Taheri N, Ardebili A, Amouzandeh-Nobaveh A, Ghaznavi-Rad
E. Frequency of antiseptic resistance among Staphylococcus aureus
and coagulase-negative staphylococci isolated from a university
hospital in central Iran. Oman Med ] 2016; 31: 426-432.

20. Shahsavan S, Jabalameli L, Maleknejad P, Aligholi M, Imaneini
H, Jabalameli F, et al. Molecular analysis and antimicrobial
susceptibility of methicillin resistant Staphylococcus aureus in one
of the hospitals of Tehran University of Medical Sciences: High
prevalence of sequence type 239 (ST239) clone. Acta Microbiol
Imm H 2011; 58: 31-39.

21. Firoozeh E Omidi M, Saffari M, Sedaghat H, Zibaei M.
Molecular analysis of methicillin-resistant Staphylococcus aureus
isolates from four teaching hospitals in Iran: The emergence of
novel MRSA clones. Antimicrob Resist Infect Control 2020; 9: 1-8.
22. Goudarzi M, Bahramian M, Tabrizi MS, Udo EE, Figueiredo
AMS, Fazeli M, et al. Genetic diversity of methicillin resistant
Staphylococcus aureus strains isolated from burn patients in Iran:
ST239-SCCmec III/t037 emerges as the major clone. Microb
Pathogenesis 2017; 105: 1-7.

23. Ohadian Moghadam S, Pourmand MR, Mahmoudi M,
Sadighian H. Molecular characterization of methicillin-resistant
Staphylococcus aureus: characterization of major clones and
emergence of epidemic clones of sequence type (ST) 36 and ST
121 in Tehran, Iran. FEMS Microbiol Lett 2015; 362-366.

24. Khademi F, Ghanbari F, Mellmann A, Najafzadeh M]J, Khaledi
A. Phylogenetic relationships among Staphylococcus aureus
isolated from clinical samples in Mashhad, Iran ] Infect Public
Heal 2016; 9: 639-644.

25. Havaei SA, Azimian A, Fazeli H, Naderi M, Ghazvini K, Samiee
SM, et al. Isolation of Asian endemic and livestock associated
clones of methicillin resistant Staphylococcus aureus from ocular
samples in Northeastern Iran. Iran ] Microbiol 2013; 5: 227-232.
26. Havaei SA, Ghanbari E Rastegari AA, Azimian A, Khademi
F, Hosseini N, et al. Molecular typing of hospital-acquired
Staphylococcus aureus isolated from Isfahan, Iran. Int Sch Res

Iran J Basic Med Sci, Vol. 25, No. 6, Jun 2022

NE=EMS

Ghasemzadeh-Moghaddam et al.

Notices 2014; 2014: 1-7.

27. Chen C-J, Huang Y-C. New epidemiology of Staphylococcus
aureus infection in Asia. Clin Microbiol Infec 2014; 20: 605-623.
28. Vali L, Davies SE, Lai LL, Dave J, Amyes SG. Frequency of
biocide resistance genes, antibiotic resistance and the effect
of chlorhexidine exposure on clinical methicillin-resistant
Staphylococcus aureus isolates. ] Antimicrob Chemother 2008; 61:
524-532.

29. Anthonisen I-L, Sunde M, Steinum T, Sidhu M, Serum
H. Organization of the antiseptic resistance gene gqacA and
Tn 552-related p-lactamase genes in multidrug-resistant
Staphylococcus haemolyticus strains of animal and human origins.
Antimicrob Agents Chemother 2002; 46: 3606-3612.

30. Leelaporn A, Paulsen I, Tennent JM, Littlejohn T, Skurray R.
Multidrug resistance to antiseptics and disinfectants in coagulase-
negative staphylococci. ] Med Microbiol 1994; 40: 214-220.

31. Heir E, Sundheim G, Holck AL. The Staphylococcus gacH gene
product: A new member of the SMR family encoding multidrug
resistance. FEMS Microbiol Lett 1998; 163: 49-56.

32. He G-X, Landry M, Chen H, Thorpe C, Walsh D, Varela MF, et
al. Detection of benzalkonium chloride resistance in community
environmental isolates of staphylococci. ] Med Microbiol 2014; 63:
735-741.

33. Mayer S, Boos M, Beyer A, Fluit AC, Schmitz F-J. Distribution
of the antiseptic resistance genes gacA, qacB and qacC in 497
methicillin-resistant and-susceptible European isolates of
Staphylococcus aureus. ] Antimicrob Chemoth 2001; 47: 896-897.
34. Noguchi N, Nakaminami H, Nishijima S, Kurokawa I, So H,
Sasatsu M. Antimicrobial agent of susceptibilities and antiseptic
resistance gene distribution among methicillin-resistant
Staphylococcus aureus isolates from patients with impetigo and
staphylococcal scalded skin syndrome. J Clin Microbiol 2006; 44:
2119-2125.

35. Ye J-Z, Yu X, Li X-S, Sun Y, Li M-M, Zhang W, et al
Antimicrobial resistance characteristics of and disinfectant-
resistant gene distribution in Staphylococcus aureus isolates from
male urogenital tract infection. Natl ] Androl 2014; 20: 630-636.
36. Zhang M, O’'Donoghue MM, Ito T, Hiramatsu K, Boost M.
Prevalence of antiseptic-resistance genes in Staphylococcus aureus
and coagulase-negative staphylococci colonising nurses and the
general population in Hong Kong. ] Hosp Infect 2011; 78: 113-117.
37. Noguchi N, Suwa J, Narui K, Sasatsu M, Ito T, Hiramatsu
K, et al. Susceptibilities to antiseptic agents and distribution of
antiseptic-resistance genes qacA/B and smr of methicillin-resistant
Staphylococcus aureus isolated in Asia during 1998 and 1999. ]
Med Microbiol 2005; 54: 557-565.

38. Lee H, Lim H, Bae IK, Yong D, Jeong SH, Lee K, et al.
Coexistence of mupirocin and antiseptic resistance in methicillin-
resistant Staphylococcus aureus isolates from Korea. Diagn Micr
Infec Dis 2013; 75: 308-312.

39. Shamsudin M, Alreshidi M, Hamat R, Alshrari A, Atshan
S, Neela V. High prevalence of qacA/B carriage among clinical
isolates of meticillin-resistant Staphylococcus aureus in Malaysia. |
Hosp Infect 2012; 81: 206-208.

40. Ghasemzadeh-Moghaddam H, van Belkum A, Hamat RA,
van Wamel W, Neela V. Methicillin-susceptible and-resistant
Staphylococcus aureus with high-level antiseptic and low-level
mupirocin resistance in Malaysia. Microb Drug Resist 2014; 20:
472-477.

41. 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 Heal 2015; 8: 202-206.

42. Shore AC, Deasy EC, Slickers P, Brennan G, O’Connell B,
Monecke S, et al. Detection of staphylococcal cassette chromosome
mec type XI carrying highly divergent mecA, mecl, mecR1, blaZ,
and ccr genes in human clinical isolates of clonal complex 130

779



Ghasemzadeh-Moghaddam et al.

methicillin-resistant Staphylococcus aureus. Antimicrob Agents
Ch 2011; 55: 3765-3773.

43. Garcfa-Alvarez L, Holden MT, Lindsay H, Webb CR, Brown
DE, Curran MD, et al. Meticillin-resistant Staphylococcus aureus
with a novel mecA homologue in human and bovine populations
in the UK and Denmark: a descriptive study. Lancet Infect Dis
2011; 11: 595-603.

44. Loncaric I, Kiibber-Heiss A, Posautz A, Stalder GL, Hoffmann
D, Rosengarten R, et al. Characterization of methicillin-resistant
Staphylococcus spp. carrying the mecC gene, isolated from wildlife.
J Antimicrob Chemother 2013; 68: 2222-2225.

45. Monecke S, Gavier-Widen D, Mattsson R, Rangstrup-
Christensen L, Lazaris A, Coleman DC, et al. Detection of mecC-
positive Staphylococcus aureus (CC130-MRSA-XI) in diseased
European hedgehogs (Erinaceus europaeus) in Sweden. PLoS One
2013; 8: €66166-66171.

46. Harrison EM, Paterson GK, Holden MT, Larsen J, Stegger M,
Larsen AR, et al. Whole genome sequencing identifies zoonotic
transmission of MRSA isolates with the novel mecA homologue
mecC. Embo Mol Med 2013; 5: 509-515.

47. Petersen A, Stegger M, Heltberg O, Christensen ], Zeuthen
A, Knudsen L, et al Epidemiology of methicillin-resistant
Staphylococcus aureus carrying the novel mecC gene in Denmark

780

N=MS

Antiseptic resistance among MRSA, Iran

corroborates a zoonotic reservoir with transmission to humans.
Clin Microbiol Infec 2013; 19: e16-22.

48. Lozano C, Fernandez-Fernandez R, Ruiz-Ripa L, Gémez P,
Zarazaga M, Torres C. Human mecC-carrying MRSA: Clinical
implications and risk factors. Microorganisms 2020; 8: 1615-1634.
49. Ziasistani M, Shakibaie MR, Kalantar-Neyestanaki D. Genetic
characterization of two vancomycin-resistant Staphylococcus
aureus isolates in Kerman, Iran. Infect Drug Resist 2019; 12: 1869-
1875.

50. Ariyarad S, Rezatofighi SE, Motamedi H. Evaluation of
antimicrobial resistance and immune evasion cluster genes in
clinical methicillin-resistant = Staphylococcus aureus (MRSA)
isolates from Khuzestan Province, Iran. Infect Epidemiol Microbiol
2019; 5: 7-14.

51. Botelho AMN, Cerqueira e Costa MO, Moustafa AM,
Beltrame CO, Ferreira FA, Cortes MF, et al. Local diversification
of methicillin-resistant Staphylococcus aureus ST239 in South
America after its rapid worldwide dissemination. Front Microbiol
2019; 10: 82-100.

52. Ghaznavi-Rad E, Shamsudin MN, Sekawi Z, Khoon LY, Aziz
MN, Hamat RA, et al. Predominance and emergence of clones of
hospital-acquired methicillin-resistant Staphylococcus aureus in
Malaysia. J Clin Microbiol 2010; 48: 867-872.

Iran J Basic Med Sci, Vol. 25, No. 6, Jun 2022



	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	Authors’ Contributions
	Conflicts of Interest
	Referencess



