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Background: The spread of methicillin-resistant Staphylococcus aureus (MRSA) is a
major concern in medical centers. These isolates are considered in serious infections
and nosocomial outbreaks worldwide. Mupirocin is one of the most important
antibiotics used topically for the treatment of various staphylococcal and streptococcal
skin infections. We aimed to use a combination of phenotypic and genotypic methods
to evaluate the prevalence of mupirocin resistance among MRSA clinical isolates
which had previously been collected during the period 2008-2009 in Shiraz, Iran.
Methods: This study was performed on a total of 167 clinical isolates of MRSA from
Shiraz teaching hospitals. The isolates were identified as S. aureus using standard
microbiologic procedures and confirmed as MRSA isolates by 30 pg cefoxitin discs
and mecA gene detection. All isolates were investigated for the mupirocin resistance
by mupirocin discs 5 pg and the presence of mupA gene by PCR. Results:
Antibacterial susceptibility tests against mupirocin disc 5 pg and PCR analysis for
totally 167 MRSA clinical isolates showed no resistance to mupirocin. Conclusion: In
summary, fortunately regarding to absence of resistance to mupirocin among all the
studied MRSA isolates, this resistance seems is not a threatening factor in studied
hospitals. However, generalized our findings to whole hospitals wards and Shiraz
general population afford larger sample size and periodic surveillance in further
studies for detecting mupirocin resistance.

Introduction

that located on a mobile genetic element called the

Staphylococcus aureus is Gram-positive bacterium
found in many parts of human hosts.! S. aureus is one
of the most important isolated pathogens in both
community and clinical setting. S. aureus as an
opportunistic pathogen is one of the most common
causative agent of nosocomial infections such as sepsis,
pneumonia and postoperative surgical wound infections
which can lead to multiplicity of self-limiting and even
life-threatening diseases.*?

Nowadays, in spite of the great advanced in
antibacterial agents and health care, the spread of
methicillin-resistant S. aureus (MRSA) is major
concern in medical centers.! These isolates are
considered in serious infections and nosocomial
outbreaks worldwide.™* Early detection and immediate
treatment of MRSA infections is necessary during its
potentially devastating effects.

The expression of PBP2a encoded by the mecA gene

staphylococcal cassette chromosome lead to methicillin
resistance in S. aureus.*

Mupirocin (pseudomonic acid A) with a unique
chemical structure is one of the most important
antibiotics often used topically for the treatment of
various staphylococcal and streptococcal skin
infections.>  Mupirocin  ointment  has  shown
encouraging results in skin infections and have
advantages compared to other similar antibiotics
including little  systemic  absorption, rapidly
inactivation and excretion via urine and having no
cross-resistance risk to other antibiotics.® Mupirocin
has successfully been used to eliminate nasal carriage
of S. aureus, particularly MRSA isolates.> Moreover,
nosocomial infection rates have been shown to be
signiﬁcantly8 reduced by regular topical application of
mupirocin.”

The mechanism of the action of mupirocin is inhibition
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of protein synthesis by inactivating of isoleucyl-tRNA
synthetase (IRS).°*® However, extensive use in long
term has led to the emergence of mupirocin resistance
in MRSA, methicillin- susceptible S. aureus (MSSA)
and glycopeptide -intermediate S. aureus.?®

There are two types of mupirocin resistance: low level
(MuL), with minimum inhibitory concentrations
(MICs) > 8 pg/mL to < 256 pg/mL, and high level
(MuH) with MIC > 512 pg/mL.* MuL is due to
mutations in the chromosomal IRS, whose clinical
significance is unclear. MuH results from the uptake of
an additional IRS that confers resistance to mupirocin.
Gene encoding of this type of resistance (ileS-2, or
mupA) is located on plasmids, but is occasionally
present on the chromosome.** These strains with MuH
and sometimes MuL phenotype are not eradicated by
topical prescription of mupirocin and have been
associated with treatment failure with mupirocin.?®
Mupirocin resistant MRSA in some groups are more
critical such as burn patients who are vulnerable to
superficial infections. Previously, high-level of
mupirocin resistance was reported among burn patients
in a burn center from Ahvaz city, Iran.”’ In another
survey from west of Iran (Kermanshah city), mupirocin
resistant S. aureus strains among hospitalized nasal
carriers were not detected and the range of mupirocin
MICs was determined at low level.*

Previous reports indicated to ability of MRSA strains in
colonization in many sites of human body and
subsequently associated with wide range of
infections.™ This issue and potential risk of mupirocin
resistant strains emphasizes the screening of mupirocin
resistance not even in specific groups or body site, but
in other clinical samples as well.

To the best of our knowledge in our area Shiraz city,
south-west of Iran, no specific study has been done on
mupirocin resistance. Therefore, we aimed to use a
combination of phenotypic and genotypic methods to
evaluate the prevalence of mupirocin resistance among
MRSA clinical isolates which had previously been
collected during the period 2008-2009 in Shiraz, Iran.

Materials and Methods

Study design and bacterial isolates

The present study conducted on 167 nonduplicate
MRSA clinical isolates which were obtained from
Shiraz teaching hospitals (Nemazee, Faghihi, Beheshti,
Ghotbedin and Chamran) within one year from October
2008 to 2009. These bacteria were isolated from
different clinical specimens such as blood, pus, wound,
urine, etc. To determine MRSA isolates, 30 pg
cefoxitin discs (Mast Group, Ltd, U.K) were used and
then confirmed by molecular methods. After recovery
of frozen bacteria from -70 °C and growth on the
tryptic soy agar (Merck, Germany), the isolates were
again identified as S. aureus based on colonial
morphology, Gram staining, coagulase and DNase
tests. For phenotypic determination of mupirocin—
resistant isolates, mupirocin discs 5 pug (Mast Group,

Ltd, U.K) were used by disc diffusion on Mueller-
Hinton agar (Merck, Germany). After 24 h incubation
at 37 °C, the results were interpreted as described by
Finlay et al.® S. aureus ATCC 25923 as a methicillin-
sensitive  Staphylococcus aureus and mupirocin
sensitive was used as the control strain in antibacterial
susceptibility testing.

Molecular assess

In molecular method, we used DNA genomic samples
of 167 MRSA isolates. PCR were performed with
previously described primers for detection of mecA and
mupA among isolate."*'> PCR assay for detection of
desired genes was optimized separately in a volume of
25 pL using the described primers following standard
time and thermal program (Initial denaturation 95 °C 5
min, followed by 30 cycles of denaturation at 95C for
30 sec, annealing 50 °C for 45 sec, extension 72 °C for
1 min and a final extension at 72 °C for of 5 min) with
the DNA Thermal Cycler 5530 (Ependrof master,
Germany). The amplicons were assessed by 1%
agarose gel electrophoresis and visualized on an UV
transilluminator. In each gel the positive and negative
controls were included. One clinical S. aureus isolate
which had become positive for presence of mupA was
used as positive control in the current study. DNA
sequencing was performed by BIONEER Co, South
Korea.

Results

Of totally 400 S. aureus which isolated within one year
from different clinical samples, 263 (65.8%) isolates
were obtained from men and 137 (34.2%) from
women. Overall, frequency of MRSA isolates were
41.8% (167/400). The majority of MRSA isolates
obtained from burn infections (68%) and followed by
pneumonia (56.6%) and wound infections (51.4%).
Results of antibacterial susceptibility tests for MRSA
isolates showed no resistance against mupirocin disc 5
Mg. As well, from totally 167 MRSA clinical isolates
which were analyzed by PCR no desired amplification
were seen. In negative control DNA sample, no
amplification product was produced, but a single sharp
of approximately 458 bp amplicon was shown in the
positive control sample (Figure 1).

Discussion

MRSA strains are the most frequent pathogens causing
nosocomial infections throughout the world and their
increasing resistance to p-lactams has become an
important medical concern.®™* It has been shown that
mupirocin is the best drug for decolonization of
staphylococcal and  streptococcal  infections.?*?
Although mupirocin resistance in various regions of the
world is low,® there are documents indicating that this
resistance is increasing.? In the current study, we
carried out a combination of phenotypic and molecular
tests to detect mupirocin resistance among Iranian
MRSA clinical isolates. Hopefully, none of the tested
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MRSA isolates produced an inhibition zone of < 14
mm in diameter and an amplicon of the expected size.
In fact the results obtained by the disc diffusion were in
agreement with those of the PCR assay. It is

500 bp

200 bp

established that the only method differentiating
between MuL and MuH among S. aureus clinical
isolates is MIC determination and PCR for mupA.*’

B.

Figure 1. A. Representative gel image of mupA gene detection by PCR. M: 100 bp ladder; C-: negative control
(S. aureus ATCC 25923); C+: positive control for mupA gene (458 bp); lane 1-3: clinical isolates of MRSA.

B. Representative gel image of mecA gene detection by PCR. M: 100 bp ladder; C-: negative control (S. aureus
ATCC 25923); C+: positive control for mecA gene (147 bp); lane 1-3: clinical isolates of MRSA.

In the present survey, susceptibility of our isolates was
confirmed by no amplification of mupA. Moreover,
according to the study conducted by Fuchs et al.,*®
different low content discs (5, 10 or 20pg) are suitable
and reliable for detecting mupirocin resistant
staphylococci;  however, these discs  cannot
discriminate between MuL and MuH strains. In our
study, all the isolates were sensitive against mupirocin
5 ug discs and did not need to be checked out with 200
Mg discs for determining of MuH isolates. This
observation was demonstrated by Palepou et al.'’

Abbasi-Montazeri et al. in a hospital survey from
south-west of Iran (Ahvaz city) indicated to notable
rate of 34% mupirocin resistance among their
recovered MRSA isolates from burn patients.” In the
study of Shahsavan et al. from north of Iran (Tehran
city), the rate of mupirocin resistant MRSA strains
obtained from burnt patients was 68%.%° Additionally,
in the mentioned study there was no concurrence
between phenotypic and genotypic technique results.
Compared to such high rate of mupirocin resistant
MRSA strains from burn patients, Mohajeri et al. same
as our study showed no mupirocin resistance in S.
aureus isolates obtained from hospitalized nasal
carriers from west of Iran (Kermanshah city).*
Moreover, in the only study conducted in Shiraz,? all
the S. aureus clinical isolates including 156 MRSA,
were susceptible to mupirocin which is compatible with
our observation. It seems that lack this resistance in this
region of Iran is due to the low or lack of using this
drug in our clinics. On the other hand, perhaps this
discrepancy is related to the type of clinical sample.
The origin of isolates and clinical specimens is

mentioned as the factors that affect mupirocin
resistance among MRSA strains.® In Iran, the high
frequency of mupirocin resistant MRSA was mostly
associated with burn wards,*® while in our study the
MRSA isolates were obtained from different clinical
samples other than burn wards. Finally, beside the
limited sample size which could not generalize to
whole Shiraz population, lack of MIC investigation
was another limitation of present study.

Conclusion

In summary, regarding to absence of resistance to
mupirocin among all the studied MRSA isolates,
fortunately this resistance seems is not a threatening
factor in studied hospitals. However, generalized our
findings to whole hospitals wards and Shiraz general
population afford larger sample size and periodic
surveillance in further studies for detecting mupirocin
resistance. This is one of the initial studies of
mupirocin resistance among S. aureus isolates in
Shiraz, where probably the usage of this drug is very
rare or limited. Therefore, this negative result may
indicate this issue; however, this matter doesn't rule out
the necessity of doing periodic monitoring.

Acknowledgment

The authors would like to thank Ms. Moadeb and Mr.
Abasian from Professor Alborzi Clinical Microbiology
Research Center, Shiraz, Iran for their kindly assistance
to provide control strain. This work was supported by
Shiraz University of Medical Sciences grant number
89-5396.

Pharmaceutical Sciences, December 2015, 21, 225-228 | 227



Nejabat et al.

Conflict of interests

The author claims that there is no conflict of interest.

References

1. Hoseini Alfatemi SM, Motamedifar M, Hadi N,
Sedigh Ebrahim Saraie H. Analysis of virulence
genes among methicillin resistant Staphylococcus
aureus (MRSA) strains. Jundishapur J Microbiol
2014;7:10741. doi:10.5812/jjm.10741

2. Orrett FA. The emergence of mupirocin resistance
among clinical isolates of methicillin-resistant
Staphylococcus aureus in Trinidad: a first report.
Jpn J Infect Dis 2008;61:107-110.

3. Khashei R, Sedigh HSE, Alfatemi MH, Zomorodian
K. Antimicrobial resistance patterns of colonizing
microflora on the personnel hands and noses
working in the Neonatal Intensive Care Unit
(NICU). World Appl Sci J 2014;30:1232-1237. doi:
10.5829/idosi.wasj.2014.30.10.183

4. Ebrahim-Saraie HS, Motamedifar M, Sarvari J,
Hoseini Alfatemi SM. Emergence of SCCmec Type
I Obtained From Clinical Samples in Shiraz
Teaching  Hospitals, South-West of Iran.
Jundishapur  J Microbiol 2015;8:€16998.
doi:10.5812/jjm.16998v?2

5. Conly JM, Johnston BL. Mupirocin - Are we in
danger of losing it? Can J Infect Dis 2002;13:157-
159.

6. Saple DG, Desai A. Clinical evaluation of ointment
containing mupirocin and betamethasone in infected
dermatoses. Indian J Dermatol Venereol Leprol
2000;66:196-199.

7. Johnson DW, MacGinley R, Kay TD, Hawley CM,
Campbell SB, Isbel NM, et al. A randomized
controlled trial of topical exit site mupirocin
application in patients with tunnelled, cuffed
haemodialysis catheters. Nephrol Dial Transplant
2002;17:1802-1807. doi:10.1093/ndt/17.10.1802

8. Wertheim HF, Verveer J, Boelens HA, van Belkum
A, Verbrugh HA, Vos MC. Effect of mupirocin
treatment on nasal, pharyngeal, and perineal
carriage of Staphylococcus aureus in healthy adults.
Antimicrob Agents Chemother 2005;49:1465-1467.
doi:10.1128/aac.49.4.1465-1467.2005

9. Nunes EL, dos Santos KR, Mondino PJ, Bastos
Mdo C, Giambiagi-deMarval M. Detection of ileS-2
gene encoding mupirocin resistance in methicillin-
resistant Staphylococcus aureus by multiplex PCR.
Diagn Microbiol Infect Dis 1999;34:77-81.
doi:10.1016/s0732-8893(99)00021-8

10. Abbasi-Montazeri E, Khosravi AD, Feizabadi MM,
Goodarzi H, Khoramrooz SS, Mirzaii M, et al. The
prevalence of methicillin resistant Staphylococcus
aureus (MRSA) isolates with high-level mupirocin
resistance from patients and personnel in a burn
center. Burns 2013;39:650-654.
d0i:10.1016/j.burns.2013.02.005

11.Yoo JI, Shin ES, Chung GT, Lee KM, Yoo JS, Lee
YS. Restriction fragment length polymorphism
(RFLP) patterns and sequence analysis of high-level
mupirocin-resistant meticillin-resistant
staphylococci. Int J Antimicrob Agents 2010;35:
50-55. doi:10.1016/j.ijantimicag.2009.08.017

12.Mohajeri P, Gholamine B, Rezaei M, Khamisabadi
Y. Frequency of mupirocin resistant Staphylococcus
aureus strains isolated from nasal carriers in hospital
patients in Kermanshah. Jundishapur J Microbiol
2012;5:560-563. doi:10.5812/jjm.4199

13.Finlay JE, Miller LA, Poupard JA. Interpretive
criteria for testing susceptibility of staphylococci to
mupirocin. Antimicrob Agents Chemother 1997;41:
1137-1139.

14.Zhang K, McClure JA, Elsayed S, Louie T, Conly
JM. Novel multiplex PCR assay for characterization
and concomitant subtyping of staphylococcal
cassette chromosome mec types | to V in
methicillin-resistant Staphylococcus aureus. J Clin
Microbiol 2005;43:5026-5033.
doi:10.1128/jcm.43.10.5026-5033.2005

15.Liu QZ, Wu Q, Zhang YB, Liu MN, Hu FP, Xu
XG, Zhu DM, Ni YX. Prevalence of clinical
meticillin-resistant Staphylococcus aureus (MRSA)
with high-level mupirocin resistance in Shanghai
and Wenzhou, China. Int J Antimicrob Agents
2010;35:114-118.
doi:10.1016/j.ijantimicag.2009.09.018

16.Norazah A, Koh YT, Ghani Kamel A, Alias R, Lim
VK. Mupirocin resistance among Malaysian isolates
of methicillin-resistant Staphylococcus aureus. Int J
Antimicrob Agents 2001;17:411-414.
doi:10.1016/s0924-8579(01)00314-4

17.Palepou MF, Johnson AP, Cookson BD, Beattie H,
Charlett A, Woodford N. Evaluation of disc
diffusion and Etest for determining the
susceptibility of Staphylococcus aureus to
mupirocin. J Antimicrob Chemother 1998;42:577-
583. d0i:10.1093/jac/42.5.577

18.Fuchs PC, Jones RN, Barry AL. Interpretive criteria
for disk diffusion susceptibility testing of
mupirocin, a topical antibiotic. J Clin Microbiol
1990;28:608-609.

19.Shahsavan S, Emaneini M, Noorazar Khoshgnab B,
Khoramian B, Asadollahi P, Aligholi M, et al. A
high prevalence of mupirocin and macrolide
resistance determinant among Staphylococcus
aureus strains isolated from burnt patients. Burns
2012;38:378-382. d0i:10.1016/j.burns.2011.09.004

20.Japoni A, Ziyaeyan M, Jamalidoust M, Farshad S,
Alborzi A, Rafaatpour N, Badiee P. Antibacterial
susceptibility patterns and cross-resistance of
methicillin resistant and sensitive Staphyloccus
aureus isolated from the hospitalized patients in
Shiraz, Iran. Braz J Microbiol 2010;41:567-573.
d0i:10.1590/51517-83822010000300005

228 | Pharmaceutical Sciences, December 2015, 21, 225-228


http://dx.doi.org/10.5812/jjm.10741
http://dx.doi.org/10.5829/idosi.wasj.2014.30.10.183
http://dx.doi.org/10.5829/idosi.wasj.2014.30.10.183
http://dx.doi.org/10.5812/jjm.16998v2
http://dx.doi.org/10.1093/ndt/17.10.1802
http://dx.doi.org/10.1128/aac.49.4.1465-1467.2005
http://dx.doi.org/10.1016/s0732-8893(99)00021-8
http://dx.doi.org/10.1016/j.burns.2013.02.005
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoo%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=19900793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=19900793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=19900793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=19900793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=19900793
http://www.ncbi.nlm.nih.gov/pubmed?term=%22International+journal+of+antimicrobial+agents%22%5BJour%5D+AND+35%5Bvolume%5D+AND+50%5Bpage%5D+AND+2010%5Bpdat%5D&cmd=detailssearch
http://dx.doi.org/10.1016/j.ijantimicag.2009.08.017
http://dx.doi.org/10.5812/jjm.4199
http://dx.doi.org/10.1128/jcm.43.10.5026-5033.2005
http://www.ncbi.nlm.nih.gov/pubmed?term=%22International+journal+of+antimicrobial+agents%22%5BJour%5D+AND+35%5Bvolume%5D+AND+114%5Bpage%5D+AND+2010%5Bpdat%5D&cmd=detailssearch
http://dx.doi.org/10.1016/j.ijantimicag.2009.09.018
http://www.ncbi.nlm.nih.gov/pubmed?term=International+journal+of+antimicrobial+agents%5BJour%5D+AND+17%5Bvolume%5D+AND+411%5Bpage%5D+AND+2001%5Bpdat%5D&cmd=detailssearch
http://www.ncbi.nlm.nih.gov/pubmed?term=International+journal+of+antimicrobial+agents%5BJour%5D+AND+17%5Bvolume%5D+AND+411%5Bpage%5D+AND+2001%5Bpdat%5D&cmd=detailssearch
http://dx.doi.org/10.1016/s0924-8579(01)00314-4
http://dx.doi.org/10.1093/jac/42.5.577
http://dx.doi.org/10.1016/j.burns.2011.09.004
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brazilian+journal+of+microbiology+%3A+%5Bpublication+of+the+Brazilian+Society+for+Microbiology%5D%22%5BJour%5D+AND+41%5Bvolume%5D+AND+567%5Bpage%5D+AND+2010%5Bpdat%5D&cmd=detailssearch
http://dx.doi.org/10.1590/s1517-83822010000300005

