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Background: Methicillin-resistant Staphylococcus aureus (MRSA) colonization is 

considered a major risk factor for nosocomial infections and its decolonization has 

reduced these infections. Mupirocin (MUP) is the topical antibiotic of choice for 

decolonization. MUP decolonization failure is attributed to MUP resistance. Objective: 

The aim of the current study is to assess MUP resistance among MRSA isolates 

phenotypically and genotypically. Methodology: Fifty MRSA isolates were identified in 

Microbiology Department in the Medical Research Institute hospital, Alexandria 

University. Antibiotic susceptibility to different classes of antibiotics by disk diffusion 

method was done. MUP minimum inhibitory concentration (MIC) was determined 

phenotypically by MUP Ezy MIC™ Strips. MUP resistance was determined genetically 

by multiplex PCR detection of mupA and mupB. Results: Of all MRSA isolates, 6% 

exhibited high level and none showed low level MUP resistance. Only mupA was 

detected in all resistant isolates. Conclusion: Despite low prevalence of MUP 

resistance, it is appropriate to test MUP resistance prior nasal decolonization. 

 
INTRODUCTION 

 

Methicillin-resistant Staphylococcus 

aureus (MRSA) is one of the most commonly 

implicated agents in nosocomial infections with 

significant morbidity and mortality 
1
. Colonization with 

such resistant strains is considered as a high risk for 

acquiring MRSA infection during hospital stays. 

Different body sites can be colonized by MRSA with 

the anterior nares being the most frequently colonized. 

There is great interest in reducing risk for transmission 

of infection by decolonization of persons who harbor 

these bacteria
2
. 

Different agents have been studied to decolonize 

MRSA with mupirocin (MUP) being the topical 

antibiotic of choice for decolonization, with a 5-days 

course with or without bathing using a topical antiseptic 

e.g. chlorhexidine. MUP (pseudomonic acid A) is a 

narrow-spectrum topical antibiotic active predominantly 

against Gram-positive pathogens, particularly 

staphylococci, including MRSA, and streptococci 
3,4

. 

MUP is an isoleucine analogue that competitively binds 

to isoleucyl t-RNA synthetase (IRS) required for the 

transfer of this amino acid thus interfering with bacterial 

protein synthesis 
5
.  

The increased burden of MRSA infections among 

patients and its carriage among health care personnel 

resulted in unselective use of MUP leading to 

emergence of its resistance. Two resistance patterns for 

MUP are noticed 
6-8

. First: Low-level MUP resistance 

(minimum inhibitory concentration (MICs) of 8 µg/ml 

to lower than 256 µg/ml) which is due to point 

mutations in the native ileS gene. Second: High-level 

resistance (MIC of ≥512 µg/ml) that is mediated by 

acquisition of a conjugative plasmid encoding either 

mupA or mupB genes, both encode an alternate IRS for 

which MUP has no affinity
9
. 

Various studies have suggested that treatment of 

infections with low-level resistant strains is still possible 

with normal dosage schedule of 2% topical MUP
10

. 

Whereas, high-level resistant strains are frequently 

associated with failure of decolonization and treating 

skin and soft tissues infections 
11,12

. Up to our 

knowledge, limited data concerning MUP resistance in 

Egypt evaluating the efficiency of its use in 

decolonization is available, therefore the aim of the 

present study was to assess MUP resistance among 

clinical isolates of MRSA by phenotypic and genotypic 

methods. 

 

METHODOLOGY 
 

After approval of the ethical committee of Medical 

Research Institute, a total of 50 clinical isolates of 

MRSA out of 150 S. aureus were collected from 

Inpatients and Outpatients attending the Medical 

research institute hospital, Alexandria University and 

received at the Microbiology Department. Based on the 

topical activity of MUP, surgical wound swabs, swabs 

from superficial and deep skin and subcutaneous tissue 

infections and nasal swabs from carriers were included 

in this study. 
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Phenotypic detection  

S. aureus isolates were identified by their 

morphology and culture characteristics upon culturing 

on blood agar, using standard tests: catalase, and slide 

coagulase test and growth and fermentation of mannitol 

on Mannitol salt agar. MRSA isolates were identified by 

Cefoxitin disc diffusion test according to the CLSI. All 

MRSA isolates were tested for their susceptibility to 

different antibiotics by Kirby Bauer disc diffusion 

method. Since Kirby Bauer disc diffusion method is not 

recommended for susceptibility testing of S. aureus to 

Vancomycin, determination of MIC was done by broth 

dilution method. MUP resistance was tested by both 

MUP Ezy MIC™ Strips and disc diffusion method with 

200 µg disc to detect high level resistance according to 

CLSI 
13

. 

Genotypic detection  
DNA of MRSA isolates was extracted using boiling 

method 
14

. The isolates were confirmed to be MRSA by 

amplification of the femA and mecA genes by multiplex 

PCR. Multiplex PCR for mupA and mupB genes was 

done for detecting high level MUP resistance. Primers 

and annealing temperature used are listed in table 1. 

Amplified samples were analysed by gel electrophoresis and 

visualized by using UV transillumination. 

 

 

 

Table 1: Primers for the detection of target gene 

Primer Nucleotide sequence Amplicon 

size (bp) 

Annealing 

Temperature 

Reference 

femA Forward: CTTACTTACTGCTGTACCTG 686  

 

52  C 

15,16 

Reverse: ATCTCGCTTGTTATGTGC 

mecA Forward: TGGCTATCGTGTCACAATCG 304 15, 17 

Reverse: CTGGAACTTGTTGAGCAGAG 

mupA Forward: TATATTATGCGATGGAAGGTTGG 457  

 

50  C 

9, 18 

Reverse: AATAAAATCAGCTGGAAAGTGTTG 

mupB Forward: CTAGAAGTCGATTTTGGAGTAG 674 9 

Reverse: AGTGTCTAAAATGATAAGACGATC 

 

 

 

 

RESULTS 
 

The majority of MRSA isolates 23 (46%) were 

obtained from wound swabs followed by nasal swabs 18 

(36%) and pus swabs 9 (18%). All the isolates were 

sensitive to Vancomycin, Tigecycline and Linezolid. 

68% of the isolates were sensitive to Trimethoprim- 

Sulfamethoxazole and Rifampin. While 66% of the 

isolates were sensitive to Chloramphenicol, 58% were 

sensitive to Fusidic acid, and 50% were sensitive to 

Levofloxacin. The isolates were most resistant to 

Gentamicin (62%), Doxycycline (58%), while 50% 

were resistant to Erythromycin and Ciprofloxacin. 

Regarding MUP, 3 isolates (6%) had high level 

resistance showing no zone of inhibition around the 

MUP 200 μg disc with MIC ˃ 1024 µg/ml while, 47 

(94%) isolates were susceptible to MUP with MIC ≤ 2 

µg/ml. None of the 50 isolates showed low level MUP 

resistance. Interestingly, the 3 high level MUP resistant 

isolates came from nasal swabs collected from ICU 

patients who had a previous history of MUP exposure, 

showing also resistance to Clindamycin, Gentamicin, 

Ciprofloxacin, Levofloxacin, Trimethoprim-

Sulfamethoxazole, Chloramphenicol, Rifampin (100%) 

but they were sensitive to Vancomycin, Tigecycline, 

Linezolid and Fusidic acid.  

The 3 phenotypically high MUP resistant samples 

were genotypically positive for only mupA gene, but 

none of the 50 MRSA samples was positive for mupB 

gene. Figure (1).  

 

Figure 1: Detection of amplified mupA, mupB genes 

by multiplex PCR: 
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Fig. 1: Ethidium bromide stained agarose gel electrophoresis for mupA and mupB detection. Lane 1: contains a 100 bp 

DNA ladder. Lane 2: shows negative bands for the amplification of mupA gene at 457 bp and mupB gene at 674 bp. 

lane 3-5: show positive bands for the amplification of mupA gene at 457 bp and negative bands for the amplification of 

mupB gene at 674 bp. The gel was visualized by ultraviolet light at 302 nm.  

 

 

 

DISCUSSION 
 

MRSA has led to high rate of morbidity and 

mortality as well as high costs of health care services. 

Having a gene, mecA, makes it resistant to the entire 

class of β-lactam drugs except for 5
th

 generation 

cephalosporins: ceftaroline and ceftobiprole. The 

identification of MRSA was confirmed in all isolates in 

this study by detection of mecA and femA genes. 

Similarly Veloso et al. detected both femA and mecA in 

all their MRSA isolates.
19

. 

  In this study, all MRSA isolates were sensitive to 

vancomycin and linezolid similar to recent studies 
20, 21

 

and tigecycline as similarly found by others 
22,23

, while 

50% were resistant to erythromycin, levofloxacin and 

ciprofloxacin similar to other studies
 24, 25

  

The difference in antimicrobial susceptibility 

between countries may be explained by the difference in 

the infection control policies and antimicrobial 

stewardship between these countries and the abuse of 

over the counter antibiotics in countries of low socio-

economic level. Another possible explanation is the 

shift in selective antimicrobial pressures from beta-

lactam therapy to other groups of antimicrobials causing 

the resistant organisms to be replaced by susceptible 

ones. 

Although MRSA colonized patient does not need 

treatment, a course of decolonization treatment with 

topical MUP, is the cornerstone for eradication to 

prevent future infections or transmission.
26

.  

In this study, we screened all 50 MRSA isolates for 

MUP resistance using MUP (200μg) disc by disc 

diffusion method according to CLSI 
13

 and by Ezy 

MIC™ strip test. 3 isolates (6%) were positive for high 

level MUP resistance and had an MIC ˃ 1024 µg/ml. 

The MIC for the remaining MRSA isolates 47 (94%) 

was ˂ 2 µg/ml (from 0.5 -2 µg/ml). None of the 50 

isolates showed low level MUP resistance. mupA was 

detected by conventional PCR in the three isolates, 

while mupB was not detected.  

Previous study from Egypt by Barakat and Nabil
27

 

reported higher MUP resistance in 13 (17.8%) among 

their MRSA isolates. Of them 5 (38.5%) were low level 

MUP-resistant and 8 (61.5%) were high level MUP-

resistant. The mupA gene was detected by conventional 

PCR in 75.0% (6/8) of the high level MUP resistant 

strains and in none of low level MUP resistant strains. 

mupA was not detected in two isolates that were 

phenotypically high level MUP resistant, this may be 

attributed to the presence of the mupB gene, which was 

outside the scope of their study. Also Agarwal et al.
25

, 

detected 4 (14.3%) MUP resistant isolates out of 28 

MRSA isolates by E‑test; 3 (75%) isolates were high 

level MUP resistant while only one isolate (25%) isolate 

was low level MUP resistant. On the other hand, 

McNeil et al.
28

, collected a total of 108 MRSA isolates, 

11 isolates (10.2%) showed high level MUP resistance, 
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while 3 isolates (2.8%) showed low level MUP 

resistance. mupA was detected in only 9 of the 11 high 

level MUP resistant isolates. Unexpectedly, they 

reported the presence of one isolate with a low level 

MUP phenotype possessed mupA gene, sequencing data 

revealed a single nucleotide deletion that caused a 

frameshift and a nonfunctional peptide, such findings 

was not reported in our study. 

Lower prevalence of MUP resistance was reported 

by Hosseini et al.
29

 who found only 2 isolates (1.06%) 

with MUP resistance among their 188 MRSA isolates. 

Both isolates carried both mupA and mupB by PCR.   

Similar to the present work Doudoulakakis et al.
30

 

showed that only 3 (2.9%) high level MUP resistant 

MRSA strains were detected among 102 S. aureus and 

no low level MUP resistance was tested by using 5µg 

and 200µg discs, also  mupA gene was detected in all 

three isolates by conventional PCR.  

Several studies reported higher level of MUP 

resistance. Joshi et al.
31

 revealed that 15/29(51%) 

MRSA isolates isolated from nasal swabs showed high 

level MUP resistance by E-test, 14(93.3%) harbored the 

mupA gene and one isolate carried mupB gene. An 

Iranian study reported by Shahsavan et al. 
32

 detected 

42/62 (67.7%) among their MRSA isolates showed high 

level MUP resistance by disc diffusion method. Of 

which only 27 carried the mupA gene. This may be 

attributable to the presence of other high level MUP 

resistance genes (mupB), but detection of mupB was not 

performed in this study as it was discovered lately in 

2012. 

MUP resistance in some countries may be caused by 

prior use and overconsumption. A strong association 

between MUP resistance and prior MUP use was 

reported by Antonov et al.
33

 This is consistent with 

previous published reports
34-36

. It should be noted that 

the three high level MUP resistant isolates in this study 

all came from ICU patients’ nasal swabs with prior use 

of MUP for MRSA nasal decolonization  

MUP resistance may also aid in the spread of 

multidrug resistance through co-selection with other 

resistance genes. Both Fritz et al. and McNeil et al. 
28,37

 

reported that high rates of clindamycin resistance have 

been observed in MUP resistant S. aureus isolates.. Also 

Chaves F et al reported the co-resistance of MUP with 

ciprofloxacin, gentamicin, and clindamycin
6
. This is 

consistent with the present work as the three high level 

MUP resistant MRSA isolates were also clindamycin, 

ciprofloxacin, and gentamicin resistant. 

 

CONCLUSION 
 

Clearance of MRSA nasal colonization can reduce 

the subsequent risk of development of infection. This 

study correlates the prevalence of MUP resistance and 

its usage in clinical practice. Since MUP is an effective 

therapy for decolonization of MRSA among carriers, 

MUP treatment should therefore be used cautiously to 

avoid the emergence of MUP resistance and the spread 

of resistance in hospitals in which MRSA is frequently 

isolated. Consequently, it is appropriate to test for MUP 

resistance prior to nasal decolonization.  
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