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Background: Mupirocin is a topical antibiotic inhibiting most Gram-positive cocci. Shortly 
after taking mupirocin, drug resistance emerges. This study aimed to determine mupirocin 
resistance in Staphylococcus aureus strains isolated from clinical specimens in Rasht.
Materials & Methods: In this study, a total of 85 clinical isolates of S. aureus were collected. 
Biofilm formation ability and antibacterial resistance patterns of isolates were investigated. 
Disc diffusion method and MIC determination were used to determine the susceptibility of 
strains to mupirocin antibiotic. Agr types, the presence of mupA, and mutation in ileS-1 were 
evaluated in mupirocin non-susceptible isolates by PCR and PCR sequencing, respectively.
Findings: Out of 85 tested strains, 57 (67%) isolates were recognized as biofilm producers, 
and all of which showed multidrug resistance phenotype. Agr type 1 was the most commonly 
detected type. Additionally, 12 mupirocin-resistant strains were identified in the disc 
diffusion and MIC tests. A total of four strains were mup-A positive and showed high-level 
resistance. In sequencing and mutation evaluation of the ileS-1 gene in eight low-level 
mupirocin-resistant strains, 12 types of silent mutation and one type of missense mutation 
were determined.
Conclusion: The study of mupirocin-resistant strains in this study showed the need to 
identify factors affecting the occurrence of resistance and to take control and prevention 
measures before mupirocin losses its efficacy.
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Introduction
Staphylococcus aureus is a microbial flora of 
the skin and nasal passages of some people 
and one of the most common pathogens 
responsible for a wide range of infections 
from superficial skin infections to many 
serious infections such as septicemia, 
endocarditis, and osteomyelitis in 
hospitalized patients. Drug resistance is 
more common in S. aureus strains than other 
bacteria [1-2]. Mupirocin is one of the most 
effective antibiotics against Gram-positive 
cocci, used as a topical antimicrobial agent 
[3]. Nowadays, this antibiotic is used to 
prevent or treat skin surface infections, 
such as yellow ulcers, wound, and burn 
infections, and remove S. aureus nasal 
carriers and control MRSA transmission 
in healthcare settings [1, 4]. Mupirocin is a 
polyketide antibiotic with broad-spectrum 
antibacterial effects. Mupirocin epoxide side 
chain has a structure similar to isoleucine 
and could be linked to a specific position 
of isoleucine in isoleucine-tRNA synthetase 
and inhibit this enzyme and prevent the 
synthesis of protein and RNA, leading to 
bacterial death [5]. However, increased 
use of mupirocin causes the development 
of mupirocin resistance among S. aureus 
isolates. The development of resistance to 
mupirocin could be of both chromosomal 
and plasmid origins and is phenotypically 
divided into low- and high-level mupirocin 
resistance [6-7]. Low-level resistance appears 
due to decreased sensitivity to mupirocin as 
a result of mutation in chromosomal ileS-1 
gene encoding isoleucine-tRNA synthetase 
[7]. This type of resistance is sustainable and 
could be transferred to the next generation [8]. 
High-level resistance, which is a major threat 
to the clinical use of mupirocin, occurs due to 
the acquisition of plasmid-borne resistance 
genes including mupA (also known as ileS-
2) and mupB, both of which encode an 
alternative isoleucine-tRNA synthetase 

[9-10]. Conjugation of transgenic plasmids 
expressing this protein has been proven in 
staphylococcal strains in vitro and in vivo. It 
is believed that this plasmid transfer could 
contribute to the development of mupirocin 
resistance. The mupB gene encoding plasmid 
is responsible for very high-level mupirocin 
resistance [7].
The accessory gene regulator (agr) is one of 
the major factors regulating and controlling 
cell surface proteins and virulence gene 
expression in S. aureus strains. The agr 
operon includes agrA, agrB, agrC, and 
agrD genes. Agr system is polymorphic and 
permits the classification of S. aureus strains 
into four groups (agr I, agr II, agr III, and 
agr IV) according to sequences diversity in 
variable regions, comprising the last third of 
agrB and agrD as well as the first half of agrC 
genes [11-12].
Objectives: The aim of this study was to 
evaluate agr types and mupirocin resistance 
in clinical isolates of S. aureus in Guilan 
province.

Materials and Methods
Test bacteria: S. aureus isolates were 
collected from hospitalized patients in 
Rasht during 2018. To isolate test bacteria, 
samples were cultured on mannitol salt 
agar and blood agar (Merck, Germany). 
Different biochemical characteristics 
including coagulase, catalase, and DNase 
production were investigated in the isolates. 
Subsequently, the identification of S. aureus 
isolates was confirmed by a pair of 23SrRNA 
specific primers via PCR as described 
previously [13]. 
Biofilm formation assay: This assay was 
performed in a microtiter plate. Overnight 
cultures of S. aureus isolates (1.5×108 
CFU/mL) were diluted (1:100) in brain 
heart infusion broth supplemented with 
1% glucose. Then 200 µL of each bacterial 
suspension was transferred into each well 
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of a 96-well flat-bottom polystyrene plate 
and incubated at 37 °C for 48 hours. After 
incubation, the plank tonic bacteria were 
removed, wells were gently rinsed three 
times with sterile physiological saline and 
fixed by methanol for 20 min. Subsequently, 
the cells attaching to the surface were 
stained with crystal violet and rewashed. 
Then the assay was followed by destaning 
of biofilm-associated crystal violet using 
1 mL of ethanol-acetone (95:5, vol/vol) 
solution. Subsequently, the optical density 
of the mixed solution was measured at 570 
nm. The isolates were divided into three 
categories according their ability to produce 
biofilm as follows: non-biofilm producer 
(OD570 < 0.2), weak-biofilm producer (0.2< OD570 < 
1.0) and strong-biofilm producer (OD570 > 1.0) [14].
Antibacterial resistance: Antibacterial 
resistance of S. aureus isolates was 
investigated using the disc diffusion method 
according to the CLSI guideline. The antibiotic 
disks used in this study (High Media-India) 
included clindamycin (2μg), gentamicin (10 
μg), teicoplanin (30 μg), linezolid (30 μg), 
mupirocin (20 μg), co-trimoxazole (23.75 
μg), ciprofloxacin (5 μg), erythromycin (15 
μg), cephalexin (30 μg), cephalothin (30 
μg), methicillin (5 μg), amoxicillin (25 μg), 
amoxiclav (30 μg), and penicillin G. The 
tests were repeated twice, and  bacterial 
resistance or susceptibility to antibiotics was 
determined by measuring the inhibition zone 
diameter according to the CLSI guideline. In 
addition, susceptibility to vancomycin was 
assessed by MIC determination based on the 
CLSI guideline (CLSI, 2018). The standard 
strain of S. aureus ATCC 33591 was used as 
control. S. aureus isolates resistant to at least 
three antimicrobial classes were considered 
as multidrug resistant (MDR) [15].
Agr typing: Agr gene types were determined 
by agr group-specific multiplex PCR using 
primers specific to four types of this gene 
as described previously [12]. PCR reaction 

was perform in a total volume of 25 μL, 
including 0.5 μL of dNTPs (10 μM), 5 μL of 
enzyme buffer (10X), 1 μL of each (8 μL in 
total) reverse and forward primers (10 pM), 
2 μL of template DNA (2 μg), 0.5 μL of Taq 
polymerase enzyme (2.5 units) (Bioneer, 
South Korea), and 9 μL of distilled water. 
Thermocycler thermal conditions consisted 
of an initial denaturation step at 94 ° for 5 
min, followed by 30 cycles of denaturation 
at 94 °C for 30 s, 55 °C for 30 s, and 72 °C 
for 60 s. Then a final extension step at 72 
°C for 10 min was included.  PCR products 
were detected by electrophoresis using a 1% 
agarose gel and confirmed by sequencing.
Identification of mupirocin resistant 
strains: Mupirocin resistance was 
determined using a standard disc diffusion 
method and determination of MIC by broth 
microdilution method (CLSI, 2018).
Amplification of ileS-1, mupA, and mupB 
genes: To amplify ileS-1 and mupA genes, 
two pairs of primers specific to these genes 
were used. Table 1 shows the nucleotide 
sequences of these primers. The PCR 
reaction was carried out in a total volume 
of 25 μL consisting of 0.5 μL of dNTPS (10 
μM), 5 μL of enzyme buffer (10x), 1.5 μL of 
each reverse and forward primers (10 pM), 
2 μL of template DNA (2 μg), 0.5 μL of Pfu 
enzyme (2.5 units) (Bioneer, South Korea), 
and 14 μL of distilled water. Thermocycler 
thermal conditions consisted of an initial 
denaturation step at 94 °C for 5 min, followed 
by 30 cycles of denaturation at 94 °C for 45 
s, annealing according to table 1 for 45 s and 
72 °C for 60 s. Then a final extension step at 
72 °C for 10 min was included. PCR products 
were detected by electrophoresis using a 1% 
agarose gel, and one PCR product from each 
type was confirmed by sequencing [10, 17].
Investigation of mutation of ileS-1 gene: 
After assuring the production of the desired 
product, it was sent to Bioneer Company 
(South Korea) for sequencing.  Nucleotide 
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sequences of the isolated strains ileS-1 gene 
were compared to that of standard strain 
of S. aureus in gene bank, and changes 
in base and amino acid sequences were 
determined using online software, such as 
BLAST, Chromas (Ver. 1.45), and CLC Main 
Workbench (Ver.3.5). 

Findings
Identification of S. aureus and biofilm 
formation ability: Totally, 85 S. aureus 
strains were isolated. Distribution of S. 
aureus isolates according to the type of 
samples was as follows: 45 isolates from 
urine and 40 isolates from wound and 
abscess. According to amplification of 
the 23s rRNA gene, all 85 isolates were 
confirmed as S. aureus. In phenotypic 
assays, 57 isolates (67%) were recognized 
as biofilm producers: 19 strong and 38 
weak biofilm producers; the others (28 
isolates) did not form biofilm.

Antibacterial resistance pattern: All the 
tested isolates showed multidrug resistance 
phenotype. Resistance rate of S. aureus 
isolates to 14 selected antibiotics was as 
follows: clindamycin, 6 (7.05%); gentamicin, 
8 (9.41%); vancomycin, 3 (3.53%); 
teicoplanin, 4 (4.7%); linezolid, 5 (5.9%); 
methicillin, 53 (62.35%); co-trimoxazole, 
32 (37.64%); ciprofloxacin, 38 (44.7%); 
erythromycin, 44 (51.76%); cephalexin, 
49 (57.64%); cephalothin, 35 (41.17%); 
amoxicillin, 51 (50.59%); amoxiclav, 26 
(30.59%); and penicillin G, 80 (94.12%).
Agr typing: Among the 85 isolates studied, 
agr gene was identified in 81 S aureus 
isolates using primers specific to four types 
of this gene. A total of 65 isolates (76.5%) 
were identified as agr type 1, eight isolates 
(9.4%) as agr type 2, five isolates (5.9%) as 
agr type 3, and three isolates (3.5%) as agr 
type 4. None of the agr types were detected 
in four isolates.

Table 1) Oligonucleotide primers used for the amplification of particular sequences of S. aureus mupA, mupB, 
and ileS-1 genes

Ref.Annealing 
Tem. (°C)

 Amplicon
Size (bp) Primer SequenceGene

1656441
5′-ATG CAC ATG GTG CAC ATG C-3′Agr1-F

5′-GTC ACA AGT ACT ATA AGC GCT GAT-3′Agr1-R

1656575
5′-ATG CAC ATG GTG CAC ATG C-3′Agr2-F

5′-TAT TAC TAA TTG AAA AGT GGC CAT AGC-3′Agr2-R

1656323
5′-ATG CAC ATG GTG CAC ATG C-3′Agr3-F

5′-GTA ATG TAA TAG CTT GTA TAA TAA TAC CCA G-3′Agr3-R

1656659
5′-ATG CAC ATG GTG CAC ATG C-3′Agr4-F

5′-CGA TAA TGC CGT AAT CG-3’Agr4-R

1760456
5′-TAAGGAAGGGAGAATGGGAA -3′mupA-F

5′-CTGAGCAAACGGCATAGAGC -3′mupA-R

1060674
5′-CTAGAAGTCGATTTTGGAGTAG-3′mupB-F

5′-AGTGTCTAAAATGATAAGACGATC-3′mupB-R

1765915
5’-CAGTTGCTACAAGAGGAGTGTCACC-3′iles-1-F

5‘-CACCATGTTCATAAGCTGTTGCC -3′iles-1-R
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Detection of mupirocin resistant strains: 
In the phenotypic assay, eight isolates 
with a mupirocin MIC of 8-128 μg/mL 
were identified as low-level mupirocin 
resistant strains, and four isolates with MIC 
of 512 μg/mL were recognized as high-
level resistant strains. All of the mupirocin 
non-susceptible isolates were methicillin 
resistant and belonged to agr type 1. 
Linezolid was the most potent antibiotic 
against mupirocin resistant strains. Table 
2 presents antibacterial drug resistance 
patterns in mupirocin non-susceptible S. 
aureus isolates. 
Detection of mupA and mupB genes: 
Using mupA gene specific primers in PCR, a 
PCR product with an approximate length of 
456 bp was obtained in four isolates (5.9%) 
with a MIC of 512 μg/mL. All of low-level 
mupirocin-resistant strains were negative 
for mupA gene. All of mupA positive strains 
were biofilm producer in the phenotypic 

assay. None of the tested isolates harbored 
the mupB gene. 
Investigation of mutation of ileS-1 gene: 
PCR amplification of the ileS-1 gene in 
eight low-level mupirocin-resistant strains 
resulted in 915 bp amplicons. Comparing 
the nucleoside sequences of the isolates ileS-
1 gene with that of S. aureus standard strain 
in the gene bank, one type of mutation was 
detected in three isolates. This mutation 
resulted in replacing E707 with G, leading to 
the replacement of glutamic acid with glycine. 
Furthermore, 12 different silent mutations 
were identified in this investigation. Table 
3 presents the obtained results for each 
isolate.
 
Discussion
Mupirocin was first introduced in 1985 in 
the United Kingdom; in 1986, it was used 
in hospitals (SFGH) to eradicate methicillin 
resistant S. aureus (MRSA) and intrinsic 

Table 2) Drug resistance patterns of mupirocin non-susceptible isolates

Drug Resistance PatternMupirocin 
Resistance Level

 Bacterial
Isolate

E, TET, CP, SXT, FOX, CFX, PEN, MET, AMX, AMCLow1

CC, GM, E, TET, CP, CFX, PEN, MET Low2

E, LZD, TET, CP, SXT, FOX, CFX,PEN, MET, AMX, AMCLow3

E, TET, CP, SXT, FOX, CFX, PEN, MET, AMX, AMCLow4

GM, TEK, TET, CFX, PEN, V, MET, AMXLow5

E, CP, CFX, PEN, MET, AMX, AMCLow6

E, TET, SXT, FOX, CFX, PEN, MET, AMX, AMCLow7

GM, E, TET, SXT, FOX, CFX, PEN, MET, AMX, AMCLow8

CC, E, TET, CP, SXT, CFX, PEN, MET, AMXHigh9

E, LZD, TEK, TET,CP, FOX, CFX, PEN, V, MET, AMXHigh10

CC, GM, E, LZD, TET, CP, SXT, FOX, CFX, PEN, MET High11

CC, GM, E, TEK, TET, SXT, FOX, CFX, PEN, V, MET, AMX, AMCHigh12

CC: clindamycin, GM: gentamicin, E: erythromycin, LZD: linezolid, TEK: teicoplanin, TET: Tetracyclin, CP: ciprofloxa-
cin, SXT: trimethoprim-sulfamethoxazole, FOX: cefoxitin, CFX: cephalexin PEN: penicillin, V: vancomycin, MET: 
methicillin, AMX: amoxicillin, and AMC: amoxiclav. 
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methicillin sensitive S. aureus (MSSA) strains. 
Two years after introducing mupirocin, 
the first case of mupirocin resistance was 
reported, and since then, various types of 
resistance have been reported [18].
The present study determined agr types, 
biofilm formation ability, antibacterial 
resistance pattern, and mupirocin resistance 
mechanisms in S. aureus strains isolated 
from clinical specimens collected from Rasht 
hospitals, northern Iran. In this assay, all of the 
tested strains were multidrug resistant. The 
highest resistance rate was against penicillin 
G, followed by methicillin and cephalexin. 
Vancomycin, linezolid, and ticoplanin were 
the most potent antibiotics. Moreover, 67% 
of these isolates were biofilm producers, and 
agr type 1 was the most common type in 
these isolates. More than 75% of the isolates 
belonged to this type. Predominance of agr 
type 1 is in accordance with previous data 
from Iran [11-12]. In the phenotypic assay, 12 of 
85 isolates tested were mupirocin resistant. 
All of the mupirocin-resistant strains were 
methicillin resistant and biofilm producer 
while belonging to agr type 1; among which, 
eight isolates were identified as low-level 
mupirocin resistant. The MIC of mupirocin 
in these isolates ranged from 8-128 mcg/ 
mL. In 3 of them, E707G single point amino 
acid substitution was identified. All of these 

isolates had silent mutations, and totally, 
12 different types of silent mutations were 
recognized. In most cases, the number of 
mutations in ileS-1 gene was positively 
correlated with MIC value. E707G amino 
acid substitution identified in ileS-1 has 
not been previously reported. In a study 
conducted by Fujimora et al. (2003), A637G, 
G1762T, G1891T, and A2412T amino 
acids substitution in ileS-1 was reported 
in mupirocin-resistant S. aureus strains 
[19]. In a study by Antonio et al. (2002), 22 
silent mutations and 9 types of missense 
mutations, including A110C, T635C, A637G, 
A769G, G808T, G1891T, T1948A, A2330G, 
and G1762T, were reported in the ileS-1 
gene in S. aureus isolates with decreased 
sensitivity to mupirocin [20].
In addition, Yang et al. (2006) reported that 
all mupirocin resistant isolates showed 
mutation at V588F. Furthermore, they 
reported P187F, K226T, F227L, Q612H, and 
V767D mutations [21].  
Moreover, in the present study, four high-
level mupirocin resistance phenotypes were 
identified, all of which were positive for mupA 
gene. MIC of mupirocin was 512 μg/mL in 
these isolates. In similar studies, Hesami et 
al. (2013) identified 11 mupirocin-resistant 
mupA positive isolates [22]. Contrary to the 
present study, highly resistant isolates had 

Table 3) MIC of mupirocin, biofilm formation ability, and mutations in the ileS-1 gene in low-level mupirocin-
resistant S. aureus isolates

Number of Silent 
Mutations 

Missense MutationMupirocin 
MIC (µg/mL)

Biofilm 
Formation

Sample 
Type

Bacterial 
Isolate

7-8-Wound1
6-16+Abscess2
8-32-Urine3
9E707G64+Wound4
8-128+Abscess5
7-128+Wound6
7E707G128+Urine7
8E707G128+Wound8
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a higher prevalence than low-level resistant 
strains. On the other hand, in a study by 
Daskalaki et al. (2009) in Spain, out of 23 
(11.3%) mupirocin-resistant isolates, 18 
(78.3%) isolates had high-level resistance, 
and five isolates (21.7%) had low-level 
resistance. All high-level mupirocin-
resistant isolates were positive for the 
presence of the ileS-2 gene in PCR reaction, 
while the isolates with low-level resistance 
were negative for the presence of this gene 
[23]. In a study by Chaturvedi et al. (2014), out 
of 15 mupirocin-resistant strains, eight ones 
(53.3%) showed high-level resistance, and 
seven (46.7%) isolates exhibited low-level 
resistance [24]. 
Among mupirocin non-susceptible isolate, 
four (5.9%) isolates were identified as 
high-level mupirocin resistant with a MIC 
of ≥512 μg/mL. This frequency was high in 
comparison with that reported by Mahmoudi 
et al. (2019), identifying mupirocin 
resistance in 3% of clinical isolates of S. 
aureus in Tehran, Iran. In their study, the 
mupA gene was detected in two out of four 
high-level mupirocin resistant isolates, and 
the mupB gene was not detected in any 
isolates, which is in accordance with the 
present study results [10]. In another study 
performed in Tehran, the prevalence of low-
level and high-level mupirocin-resistant 
isolates as well as the mupA gene was 3.5, 1, 
and, 5.8%, respectively [25]. A study in Arak 
reported that the frequency of high-level 
mupirocin resistance and the mupA gene 
in isolates was 7.3 and 6%, respectively [22]. 
Also, in 2018, 12.5% of S. aureus clinical 
isolates from two major hospitals in Shiraz 
were high-level mupirocin-resistant, and 55 
(45.8%) isolates carried the mupA gene [26].

Conclusion
Overall, the present study and different 
studies worldwide indicate the emergence 
and spread of mupirocin resistance in S. 

aureus isolates. Identification of mupirocin-
resistant strains highlights the need to 
identify factors affecting the occurrence 
of these resistance and to take control and 
prevention measures before mupirocin 
losses its efficacy. Therefore, regular 
surveillance of S. aureus strains resistance 
to this antimicrobial and establishment of 
adequate infection control measures against 
resistant isolates are suggested.
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