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ABSTRACT

Background: Mupirocin is a topical antibiotic used for nasal decolonisation of methicillin resistant
Saphylococcus aureus (MRSA). While resistance to mupirocin has been described it is usually not
tested for in most clinical laboratories. Aim: The present study was carried out to detect the occurrence
of mupirocin resistance in clinical isolates of Staphylococcus aureus in a tertiary care hospital set up in
northern India. Materials and M ethods: Saphylococcus aureus isolates obtained from clinical samples
received in the microbiology |aboratory over a period of one year were included in this study. Mupirocin
resistance was detected by three phenotypic methods; disk diffuson method using 5ug and 200ug
mupirocin disk to determine low-level and high-level resistance, broth microdilution method and an agar
dilution method for determining minimum inhibitory concentrations. Methicillin sensitivity was also
determined in the study isolates. Results: Of 250 non-duplicate Staphylococcus aureus isolates
obtained, 5 (2%) were found resistant to mupirocin. All mupirocin resistance isolates were shown to
have high-level resistance (minimum inhibitory concentration > 512ug/ml). All mupirocin resistant
isolates were also resistant to methicillin. Results obtained by all three phenotypic methods showed
good correlation. Conclusion: High-level mupirocin resistance is present in the northern Indian
popul ation which may be of major concern to prevent the spread of MRSA in hospitals and community.
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INTRODUCTION

Methicillin-resistant  Staphylococcus — aureus
(MRSA) is one of the maor nosocomial
pathogen in heathcare institutions and
increasingly reported from hospitals and the

Decolonisation from the site of carriage is one of
the modalities for prevention of MRSA
infections in healthcare settings.* Mupirocin
(pseudomonic acid A) derived

community worldwide.> ? Carriage of MRSA in
nose, axilla, perineum and hands of patients and
health care personnel is an important risk factor
for MRSA  acquisiion and  spread.’
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from Pseudomonas fluorescens is an important
topica antibiotic ointment for the nasal
decolonisation of MRSA in carriers.”® It acts by
binding specifically to the bacterial isoleucyl-

840
Int JMed Res Health Sci. 2013;2(4): 840-847



tRNA synthetase (IRS) enzyme and inhibits its
protein synthesis.” Along with its use as a
decolonising agent in health care personnel and
patients, it has aso been used for treatment of
staphylococcal skin and soft tissue infections.**™
Resistance to mupirocin is being increasingly
found due to its irrational use, which leads to
improper decolonisation of MRSA from the site
of carriage and spread of infection.***®

Although there is no such guidelines published
for mupirocin susceptibility testing, traditionally
susceptible strains have minimum inhibitory
concentration (MIC) <2 pg/ml while those
having a MIC of =4 pg/ml were designated as
resistant, and by disk diffusion method those
with zone diameter of 214 mm with a 5ug disk
were taken as susceptible while zones of <14 mm
were considered resistant*. However, recently
mupirocin-resistant strains have been grouped
into two distinct phenotypes: low-level resistance
(MuL) with MICs of 8-256 pg/ml, and high-level
resistance (MuH) with MICs =512 pg/ml. An
isolate with MIC <4 pg/ml is considered as
mupirocin-sensitive. With the previously used 5
pg mupirocin disk, MuL and MuH strains cannot
be differentiated. However it can be performed
by concomitant use of 5 pg and 200 pg
mupirocin disks.™

MuH strains have been found to be associated
with failure of mupirocin as a decolonising agent
as well as for treatment of skin and soft tissue
infections.’® Plasmid-mediated mupA encoding a
novel isoleucyl RNA synthetase is a maor
genetic mechanism seen in high-level mupirocin
resistance isolates.!”® Whereas base pair
changes in native isoleucyl RNA synthetase gene
is seen in low-level mupirocin resistance
isolates™. Various studies suggest that during
mupirocin prophylaxis transfer of mupA gene
from normal commensal flora of skin such as

Saphylococcus  epidermidisto  MRSA  is
responsible for emergence of mupirocin
resistance.™

Thus, this study was carried out to determine the
rates of high-level and low-level mupirocin

Amit et al.,

resistance in Saphylococcus aureusby disk
diffusion and MIC methods and to evaluate its
association with methicillin-resistant i sol ates.

MATERIAL AND METHODS

Saphylococcus aureus isolates recovered from
clinical specimens comprising pus, blood,
various swabs and sterile body fluids received in
the Postgraduate Department of Microbiology,
King George Medical University, Lucknow,
during a one year period from August 2011 to
July 2012 from patients who attended the
outpatient department (OPD) or were admitted to
various inpatient departments (IPD) of Gandhi
Memoria & Associated Hospitals were included
in the study. Isolates from urine were not
included.

Clinical specimens were processed and isolates
were identified as Staphylococcus aureus by
routine  microbiological  procedures. Non-
duplicate Saphylococcus aureus isolates were
tested for mupirocin resistance by disc diffusion
method, broth microdilution method and agar
dilution method.

In the disk diffusion method, mupirocin disks of
5ug (SD748, Himedia Labs, India) and 200ug
(CT0523B, Oxoid, India) concentration were
used. Zone diameter of > 14 mm for both disks
was taken as susceptible for mupirocin. Whereas,
isolates that showed zone diameters < 14 mm in
the 5 pg disk but > to 14 mm in the 200 ug disk
were considered to be low-level mupirocin
resisant strains.® All isolates with zone
diameters < 14 mm for both 5ug and 200ug disks
were considered to be high-level mupirocin
resistant strains™ (Fig. 1).

The broth microdilution method was done for
determination  of Minimum Inhibitory
Concentration (MIC) on Muéller-Hinton broth
(MHB) with a final mupirocin concentration
ranged from 0.25 pg/ml to 512 yg/ml (Fig. 2).
Similarly agar dilution method was done for
determination of MIC on Mueller-Hinton agar
(MHA) with same concentration. Mupirocin

MIC of < 4ug/ml was taken as susceptible, that
841
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of 8ug/ml to 256ug/ml as low-level resistance
and > 512 pug/ml as high level resistance (Fig. 3).
Detection of  methicillin  resistance in
Staphylococcus aureus isolates were performed
as per Clinical Laboratory Standards Institute
(CLSI) 2012 guidelines by using cefoxitin (30ug)
disk?®®. Antimicrobial susceptibility testing was

done as per CLSI guidelines by Kirby-Bauer disk
diffusion method for the following antibiotics:
ampicillin (10 pg), ciprofloxacin (5 pg),
clindamycin (2 pg), erythromycin (15 pg),
linezolid (30 pg), tetracycline (30 pg), septran
(1.25/23.75 pg), vancomycin (30 pg). Statistica
test of significance applied z-test.

Fig.1l: Demonstration of high-level mupirocin resistance and mupirocin sensitive phenotypes by disk

diffusion method
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Fig.2: Broth microdilution method for determination of MIC of mupirocin in Staphylococcus aureus

isolates

Fig.3: Agar dilution method for determination of MIC of mupirocin in Staphylococcus aureusisolates
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RESULTS

Among the 250 non-duplicate Staphylococcus aureus isolates included in study, 133 (53.2%) were
MRSA. Of these, 5i.e, 3.76% of MRSA were mupirocin resistant Staphylococcus aureus (MUupRSA).
Mupirocin resistance was not detected in methicillin sensitive Staphyl ococcus aureus (MSSA) isolates.
Table.l: MupRSA and MRSH strains among total Staphylococcus aureusisolatesin different samples

Samples S. aureus | MRSA (%) MuH (%) | MuL (%) | 95% CI P-value
Pus 142 78 (54.93) 2(1.4) - 0.9-6.06 <0.0001*
Blood 48 27 (56.25) 3(6.25) - 0.7-22.96 <0.0001*
Genitourinary | 11 1(9.09) - -

specimens

Respiratory 39 23 (58.97) - - - -
specimens

Miscellaneous | 10 4 (40.0) - - - -

TOTAL 250 133 (53.2) 5(2.0) 0.53-6.99 <0.0001*
MRSA= Methicillin resistant Staphylococcus aureus, MuH= High-level mupirocin resistance,
MuL= Low-level mupirocin resistance, Cl= Confidence Interval, * = Significant

Table.2: Distribution of S. aureus, MRSA and MupRSA in different clinical wards

WARDS S. aureus | MRSA (%) MupRSA 95% CI P-value
(%)
Surgica 115 69 (60) 2(1.73) 1.06-6.86 <0.0001*
Genera 54 23(42.59) 0 - -
surgery
Orthopaedics | 29 21(72.41) 1(3.44) 4.35-13.87 | <0.0001*
Neurosurgica | 32 20 (62.5) 1(3.12) 455-14.55 | <0.0001*
Gynaecology 11 5 (45.45) 0 - -
Paediatrics 67 30 (44.77) 3(4.47) 0.74-20.74 | <0.0001*
Medicine 20 11 (55) 0 - -
OPD 37 23 (62.16) 0 - -
Total 250 133 (53.2) 5(2.0) 0.53-6.99 <0.0001*
MRSA= Methicillin resistant Saphylococcus aureus, MupRSA=Mupirocin resistance
Saphylococcus aureus, Cl= Confidence Interval, * = Significant

Table.3: Antimicrobial sensitivity pattern of MRSA and MupRSA isolates

Antibiotics Sensitive (%) I ntermediate (%) Resistant (%)

MRSA MupRSA | MRSA | MupRSA | MRSA MupRSA
Ampicillin 7 (5.26) - 7(5.26) |- 119(89.47) 5 (100)
Ciprofloxacin | 36 (27.06) | - 10(7.52) | - 87 (65.41) 5 (100)
Clindamycin | 46 (34.58) | 1(20) 9(6.77) | 1(20) 78 (58.65) 3(60)
Erythromycin | 44 (33.08) | 1(20) 6(4.51) | 1(20) 83 (62.41) 3 (60)
Linezolid 133 (100) | 5(100) - - - -
Septran 44 (33.08) | 3 (60) 12(9.02) | 1(20) 77 (57.89) 1 (20)
Tetracycline | 68 (51.13) | 3 (60) 9(6.77) | 1(20) 56 (42.11) 1 (20)
Vancomycin | 133 (100) | 5 (100) - - - -
MRSA= Methicillin resistance Saphylococcus aureus,
MupRSA= Mupirocin resistance Staphyl ococcus aureus
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Amongst the mupirocin resistant isolates, al the
5 isolates were high-level mupirocin resistant.
Percentage of methicillin resistant and mupirocin
resistant Staphylococcus aureus isolates among
different samples is documented in the Table 1.
Distribution of samples according to the wards
from where they were received is documented in
Table 2. Amongst other antibiotics, percentage
resistance is documented in Table 3, with a
maximum resistance seen for ampicillin.
Vancomycin and linezolid were found to be the
most sensitive drugs across all staphylococcal
Species.

DISCUSSION

Staphylococcus aureus is one of the most
frequently isolated pathogen from both
nosocomial and community associated infections
causing a wide range of infections from
abscesses, impetigo and cellulitis to deep seated
pyogenic lesions, pneumonias, meningitis and
septicaemias.’ Increasing number of infections
caused by MRSA strains has led to poorer
trestment outcome.? Mupirocin is an important
topical antibiotic widely used for treatment of
skin and soft tissue infections caused by
Staphylococcus aureus.™ In healthcare institute it
is used for nasal decolonisation of health care
personnel to prevent the spread of MRSA among
co-workers and the patients® Emergence of
resistance to mupirocin is likely to worsen the
problem. Studies suggest mupA gene which
encodes mupirocin resistance is transferred from
commensal flora of skin to MRSA during
mupirocin therapy.’® This could be a threat to
irrational use of mupirocin as it may lead to the
development and spread of mupirocin resistance.
In this study, out of total 250 Staphylococcus
aureus isolates, 5 i.e. 2% showed mupirocin
resistance by disk diffusion method. All the
mupirocin  resistant  Staphylococcus — aureus
isolates are high-level resistant strains as
determined by disk diffusion method and two

Amit et al.,

different MIC methods. broth microdilution
method and agar dilution method.

The percentage rate of high-level mupirocin
resistance in this study is consistent with other
studies conducted in different regions of India.**
Low-level resistance is not found in this setup
which is in agreement with the study conducted
in Chennai by Oommen et a., but in contrast
Krishnan, et al., and Gadepalli, et al., has shown
15% and 1% low-leve resistance,
respectively.>*?? In this study, none of MSSA
isolates showed resistance to mupirocin (either
high-level or low-level), and it is seen only in
MRSA isolates. Also, there was no significant
association seen between mupirocin resistance
with resistance to other antibiotics in this study,
which is in contrast to studies conducted by
MCDougal etal and Cadillaetal . %

Efficacious nasal clearance of MRSA for a
significant duration in carriers is shown in
mupirocin sensitive isolates. Emergence of high-
level mupirocin resistance has shown to be
associated with the failure of decolonisation
therapy among carriers and patients and offers
fewer topical treatment optionsl6. However,
studies has suggested that low-level mupirocin
resistance strains can till be controlled with
normal dosage schedule of mupirocin ointment,
as it contains a higher concentration of mupirocin
(2000 pg/ml) than the MICs of low-level
mupirocin resistance strains.®

CONCLUSION

The present study has demonstrated the presence
of high-level mupirocin resistance in a maor
tertiary care setup of northern India which is a
concern to prevent the spread of MRSA in
hospitals and community. This may be attributed
to irrational use of antibiotics as well as over the
counter sale of drugs. Nasal decolonisation of
MRSA in healthcare personnel is performed by
using 2% mupirocin ointment along with absence
from duty till culture reports are documented
negative and since low-level mupirocin
resistance can be treated with the normal dosage
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of mupirocin ocintment, thus detection of high-
level mupirocin  resistance seems to be
mandatory. Hence, it would be advisable to
detect mupirocin resistance by using both 5 pg
and 200 pg mupirocin disks from carriers before
starting mupirocin decolonisation therapy so that
alternatives may be used.

ACKNOWLEDGEMENTS

Our thanks to Ms. Shubhra Mishra, Msc, PhD for
technical help during the study

REFERENCES

1. Grunden N. MRSA, a short history of a
monster microbe.  Pittsburgh  Regional
Healthcare Initiative. Reprinted from PRHI
Executive Summary, December 2003.
Available: http://www.prhi.org/docs
IMRSA a%620short%20hi story%200f%20a%62
Omonster%20microbel2-1-2003.pdf

2. Gadepali R, Dhawan B, Kapil A, Sreenivas
V, JaisM, Gaind R, Chaudhry R, Samantaray
JC, Udo EE. Clinica and molecular
characteristics of nosocomial meticillin-
resistant Staphylococcus aureus skin and soft
tissue isolates from three Indian hospitals. J
Hosp Infect. 2009;73(3):253-63.

3. Hill RLR, Casewell MW. Loca treatment of
MRSA carriage and colonization. In:
Cafferkey  MT, ed. Methicillin-resistant
Staphylococcus aureus. New York: Marcel
Dekker, 1992:149-70

4. HingstV, Vergetis W, Bommer J, Borneff M.
Prospective randomised placebo-controlled
study concerning the €imination of
Saphylococcus aureus by means of
mupirocin in patients undergoing
hemodialysis (poster). International Congress
on Management of Infection. Amsterdam. 5-
9 April 1992; Abstract p2: 110

Amit et al.,

10.

Ellis MW, Griffith ME, Dooley DP, et al.
Targeted intranasal mupirocin to prevent
colonization and infection by community-
associated methicillin-resistant
Saphylococcus aureus strains in soldiers: a
cluster  randomized  controlled trial.
Antimicrob  Agents Chemother. 2007;
51:3591-8

Lally RT, Lanz E, Schrock CG. Rapid
control of an outbreak of Saphylococcus
aureus on a nheonata intensive care
department using standard infection control
practices and nasal mupirocin. Am J Infect
Control. 2004; 32:44-47

Paule SM, Robicsek A, Thomson RB Jr,
Kaul KL, Peterson LR. Three years of
universal surveillance and decolonization: the
effect on mupirocin resistance [abstract C2-
1069]. In: Program and abstracts of the 48th
Annua ICAAC/IDSA 46th Annual Meeting
2008 (Washington, DC):171

Doebbeling B, Breneman D, Mash R,
Reagen D, Wenzel R. Multicentre study of
elimination of Saphylococcus aureus nasal
carriage with calcium mupirocin ointment in
healthy subjects. Proceedings of the 32™
Interscience Conference on Antimicrobial
Agents and Chemotherapy. Oct 1992; 11-14

Yanagisawa T, Lee JT, Wu HC, Kawakami
M. Relationship of protein structure of
isoleucyl-tRNA synthetase with pseudomonic
acid resistance of Escherichia coli. A
proposed mode of action of pseudomonic
acid as an inhibitor of isoleucyl-tRNA
synthetase. Journal of Biological Chemistry.
1994; 269, 24304-9

West SK, Plantenga MS, Strausbaugh LJ.
Use of decolonization to  prevent
staphylococcal  infections in  various
healthcare settings: results of an Emerging

845
Int JMed Res Health Sci. 2013;2(4): 840-847



11.

12.

13.

14.

15.

16.

17.

Infections Network survey. Infect Control
Hosp Epidemiol. 2007; 28:1111-3

Chase McNeil J, Kristina G. Hulten, Sheldon
L. Kaplan and Edward O. Mason. Mupirocin
Resistance in Staphylococcus aureus Causing
Recurrent Skin and Soft Tissue Infections in
Children. Antimicrob. Agents Chemother.
2011;55(5):2431-33

Elane S. Waker, Foster Levy, Mahmoud
Shorman, Gerard David, Jehad
Abdallaand Felix A. Sarubbi. A Decline in
Mupirocin  Resistance in Methicillin-
Resistant Saphylococcus aureus
Accompanied Administrative Control  of
Prescriptions. J Clin.
Microbiol. 2004;42(6):2792-95

Jacob S. Hogue, Patricia Buttke, LoRanee E.
Braun, and Mary P. Fairchok. Mupirocin
Resistance Related to Increasing Mupirocin
Use in Clinica Isolates of Methicillin-
Resistant Saphylococcus aureus in  a
Pediatric Population. J. Clin. Microbiol.
2010;48(7):2599-00

Creagh S, Lucey B. Interpretive criteria for
mupirocin  susceptibility  testing of
Staphylococcus spp. using CLSI guidelines.
Br JBiomed Sci. 2007; 64:1-5.

de Oliveira NE, Cardozo AP, Marques De A,
dos Santos KR, Giambiagi-deMarval M.
Interpretive criteria to differentiate low- and
high-level mupirocin resistance in
Saphylococcus aureus. J of Medica
Microbiol. 2007;56:937-39

Perez-Roth E, Lopez-Aguilar C, Alcoba
Florez J, Mendez-Alvarez S. High-level
mupirocin resistance within  methicillin-
resistant Staphylococcus aureus pandemic
lineages. Antimicrob Agents Chemother.
2006; 50: 3207-11

Hodgson JE, Curnock SP, Dyke KG, Morris
R, Sylvester DR, Gross MS. Molecular

Amit et al.,

18.

19.

20.

21.

22.

23.

24,

characterization of the gene encoding high-
level mupirocin resistance in Saphylococcus
aureus  J2870. Antimicrob  Agents
Chemother. 1994; 38:1205-08.

Udo EE, Jacob LE, Mathew B. Genetic
analysis of methicillin-resistant
Saphylococcus aureus expressing high- and
low-level mupirocin resistance. J Med
Microbiol. 2001;50:909-15

Hurdle JG, O Neill AJ, Mody L, Chopra I,
Bradley SF. In vivo transfer of high-level
mupirocin resistance from Staphylococcus
epidermidis to methicillin-resistant
Saphylococcus aureus associated with
fallure of mupirocin  prophylaxis. J
Antimicrob Chemother. 2005;56:1166-68.
Clinical Laboratory Standard Institute.
Performance Standards for Antimicrobial
Susceptibility  Testing;  Twenty-Second
Informational Supplement. 2012;32(1):70-71
Oommen SK, Appaargu B, Jinsha K.
Mupirocin resistancein clinical isolates of
staphylococci in a tertiary care centre in
south India.  Indian J Med Microbiol.
2010;28(4):372-5.

Krishnan PU, Miles K, Shetty N. Detection
of methicillin and mupirocin resistancein
Saphylococcus aureus isolates using
conventional and molecular methods. a
descriptive study from a burns unit with high
prevalence of MRSA. J Clin Pathol. Oct.
2002;55(10):745-8

Adriana Cadilla, Michael Z. David, Robert S.
Daum, and Susan Boyle-Vavra: Association
of High-Level Mupirocin Resistance and
Multidrug-Resistant Methicillin-Resistant
Saphylococcus aureus a an Academic
Center in the Midwestern United States. J.
Clin. Microbiol. 2010; 50: 95-100

McDougal LK, Fosheim G, Patel JB; Team
ABCs. Emergence of resistance among USA

846
Int JMed Res Health Sci. 2013;2(4): 840-847



300 MRSA isolates causing invasive disease
in the US [abstract C1-166]. In: Program and
abstracts of the 48th Annual ICAAC/IDSA
46th Annual Meeting (Washington, DC,
2008):103.

25.Hudson IR. The efficacy of intranasal
mupirocin in the prevention  of
staphylococcal infections. a review of recent
experience. J. Hosp Infect. 1994; 27, 81-98

847
Amit et al., Int JMed Res Health Sci. 2013;2(4): 840-847



