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Abstract. The purpose of the present study was to provide
a systematic literature review and pool evidence on the effi‑
cacy of mupirocin‑based decolonization protocol in reducing
surgical‑site infections (SSIs) in patients undergoing cardio‑
thoracic (CT) surgery based on their Staphylococcus (S.)
aureus carrier state. The PubMed, Embase, Ovid, BioMed
Central, Cochrane Central Register of Controlled Trials
and Google Scholar databases were searched for studies
comparing mupirocin‑based decolonization with controls for
reducing SSIs in patients following CT surgery. Studies were
grouped based on the targeted population of intervention, i.e.
carriers or all patients. A total of 17 studies were included.
Of these, 8 studies used targeted mupirocin‑based decolo‑
nization, while universal decolonization was performed in
9 studies. The results were conflicting for studies performing
targeted decolonization and it was not possible to perform a
meta‑analysis due to non‑homogenous studies. Pooled analysis
of 34,859 patients indicated that universal mupirocin‑based
decolonization significantly reduced the risk of all SSIs
[risk ratio (RR): 0.54; 95% CI: 0.40,0.75; I 2 =73.35%]. The
intervention significantly reduced the risk of superficial SSIs
(RR: 0.37; 95% CI: 0.25,0.55; I 2=0%) but not of deep SSIs
(RR: 0.45; 95% CI: 0.19,1.09; I2=80.67%). The results indi‑
cated a significantly reduced risk of S. aureus SSIs (SA‑SSIs)
with mupirocin‑based decolonization (RR: 0.44; 95% CI:
0.32,0.61; I 2=0%) but not for methicillin‑resistant S. aureus

Correspondence to: Mrs. Qi Ji, Department of Operating Room,
The First People's Hospital of Lianyungang City, 8 Zhenhua East
Road, Lianyungang, Jiangsu 222002, P.R. China
E‑mail: jiqicat@163.com
Mrs. Xiaoyan Hu, Tongguan Operating Room, The First People's
Hospital of Lianyungang City, 8 Zhenhua East Road, Lianyungang,
Jiangsu 222002, P.R. China
E‑mail: 15878020494@139.com

Key words: Staphylococcus aureus, nosocomial infection, nasal
carriers, cardiac surgery, infection, antibiotic

(MRSA‑SSIs; RR: 0.25; 95% CI: 0.05,1.28; I 2 =79.07%).
Evidence on the role of targeted mupirocin‑based decoloniza‑
tion to reduce SSIs after CT surgery was non‑coherent and
inconclusive. Analysis of low‑quality retrospective studies
suggested that universal mupirocin‑based decolonization may
reduce all SSIs, superficial SSIs and SA‑SSIs, but not deep
SSIs or MRSA‑SSIs in patients after CT surgery.
Introduction
Nursing personnel has an important role in the pre‑operative
and post‑operative management of patients in any surgical
practice. Enforcement of strict infection control measures
by them may significantly influence the rates of nosocomial
surgical site infections (SSIs) in a health‑care setup.
SSIs are an important cause of increased morbidity and
mortality after cardiothoracic (CT) surgery (1). According to
the literature, the reported incidence of SSIs after CT surgery
varies from 3 to 10.5% (1‑3). A small proportion of these SSIs
are able to progress to deep sternal or mediastinal wound
infection, which requires aggressive medical and surgical
therapy and the associated mortality rate is up to 47% (4,5).
Approximately 50% of SSIs after CT surgery are caused by
Staphylococcus aureus (S. aureus), while coagulase‑negative
staphylococci, gram‑negative bacteria and yeast are less
frequently implicated (3,6).
S. aureus is known to colonize the skin and mucosae
of 15‑36% of the global population (7). Of the various sites
reported, the nose is considered to be an important reservoir
in humans and nasal colonization has been reported to be an
independent risk factor for SSIs (7‑9). To reduce the incidence
of S. aureus infections, nasal application of topical mupirocin
has been widely reported in the literature (10,11). In one of
the earliest randomized controlled trials (RCTs) on surgical
patients, Bode et al (12) reported a significantly reduced inci‑
dence of SSIs in S. aureus carriers with the use of pre‑operative
nasal mupirocin and chlorhexidine soap. A Cochrane review
by van Rijen et al (10), analyzing nine RCTs, indicated that
nasal mupirocin was associated with a statistically significant
reduction of S. aureus infection. The review, however, included
studies irrespective of the site of the surgical procedure. The
incidence of SSI may depend on several factors, including
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patient characteristics, duration of surgical procedure and
factors specific to the operative site (3). While factors such as
rheumatoid arthritis, psoriasis, immunosuppression or history
of surgery at the site of the prosthesis may influence the risk of
SSI in orthopedic surgery, infections after CT surgery may be
impacted by the body mass index, hemodialysis, cardiogenic
shock, perfusion time, use of intra‑aortic pump and the
presence of >3 anastomoses (3). It is important to further
determine the risk of SSIs for specific surgical sites.
Evidence on the use of mupirocin‑based decoloniza‑
tion specifically in CT surgery has been rather conflicting.
Konvalinka et al (13) reported on an RCT that indicated no
beneficial effect of prophylactic nasal mupirocin in reducing
the incidence of SSI after CT surgery. On the other hand, in
a recent study, Lemaignen et al (14) reported a significant
reduction in the incidence of SSIs with the use of nasal
mupirocin‑based decolonization protocol in their 13‑year
experience. Despite several reviews and meta‑analyses
assessing the role of mupirocin‑based decolonization in
reducing S. aureus infection (10,15‑17), only a small number
of studies have analyzed evidence on the efficacy of such an
intervention in reducing SSIs specifically in patients following
CT surgery. A meta‑analysis by Schweizer et al (17) from
2013 assessed the efficacy of bundled intervention consisting
of nasal decolonization (not restricted to mupirocin) and
glycopeptide prophylaxis to reduce SSIs in patients subjected
to cardiac or orthopedic surgery. They reported a statistically
significant reduction of SSIs with nasal decolonization in
cardiac patients but did not separate cardiac studies based on
the targeted population treated with mupirocin (i.e. S. aureus
carriers or all patients). Similarly, Ma et al (18) performed a
meta‑analysis of pediatric and adult patients subjected to CT
surgery, pooling data of studies utilizing both targeted and
universal decolonization for reducing SSIs.
Considering the lacunae in the literature, the purpose of the
present review was to perform a systematic literature search
and pool evidence on the role of the mupirocin‑based decolo‑
nization protocol in reducing SSIs in patients undergoing CT
surgery based on their S. aureus carrier status.
Materials and methods
Search strategy. A computerized literature search of
the PubMed (https://pubmed.ncbi.nlm.nih.gov), Embase
(https://www.embase.com), Ovid (https://ovidsp.ovid.
com), BioMed Central (https://www.biomedcentral.com),
Cochrane Central Register of Controlled Trials (CENTRAL;
https://www.cochranelibrary.com/central/about‑central) and
Google scholar (https://scholar.google.com) databases was
performed. The search was conducted by two reviewers inde‑
pendently (QJ and XH). The same reviewers independently
screened the databases from inception up to 1st March 2020.
MeSH terms, as well as free‑text keywords, were used in the
literature search. The entire search protocol, as well as the
results of the PubMed database, are presented in Table SI. The
search results were screened by their titles and abstracts for
each database. Potentially relevant articles were then extracted
and subsequently screened by their full text. Both the reviewers
assessed individual studies based on inclusion criteria and
resolved any disagreement by discussion. After screening, the

bibliography of included studies, as well as review articles on
the subject, were hand searched for any additional references.
The Preferred Reporting Items for Systematic Reviews and
Meta‑analyses guidelines were followed during the conduct
of this systematic review, except for protocol registration (19).
Inclusion criteria. All types of studies were included in this
systematic review. Included studies were to be performed on
adult patients (age, >18 years) undergoing any type of CT surgery
(‘Participants’). The study intervention was nasal decoloniza‑
tion with mupirocin ointment in the study participants. Studies
with bundled interventions utilizing mupirocin‑based nasal
decolonization were also included. Studies utilizing targeted
decolonization of S. aureus carriers as well as those performing
universal decolonization of all patients were included. Studies
were to compare the study group with a control group for
the incidence of SSIs. Studies not reporting relevant data or
separate data for CT surgery patients and those not specifying
the targeted population of mupirocin‑based decolonization
(carriers or all) were excluded. Single‑arm studies, case series,
case reports, abstracts, non‑English language studies and
review articles were also excluded.
Data extraction and quality of included studies. Using a
pre‑formatted abstraction form, the reviewers extracted data
from the included studies (QJ and XH). Details including the
name of the first author, publication year, study type, study
location, sample size, demographic details, use of screening
for carrier state and method of screening, decolonization
protocol, antibiotic prophylaxis use and incidence of SSIs
were extracted. The primary outcome variable was all SSIs
irrespective of the causative organism and site. Secondary
outcomes were superficial SSIs, deep SSIs, SSIs caused by
S. aureus (SA‑SSIs) and SSIs caused by MRSA (MRSA‑SSIs).
Definitions of SSIs were as per the included studies.
The risk of bias of RCTs was assessed using the Cochrane
Collaboration risk assessment tool for RCTs (20). Each study
was assessed in the following domains: Random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting and other biases. The risk of
a bias assessment tool for non‑randomized studies was used to
assess non‑RCTs (21). Studies were rated as having low risk,
high risk or unclear risk of bias in the following categories:
Selection of participants, confounding variables, intervention
measurements, blinding of outcome assessment, incomplete
outcome data and selective outcome reporting.
Statistical analysis. Studies were divided into two groups
based on the decolonization protocol. The first group consisted
of studies utilizing decolonization of only carriers after appro‑
priate pre‑operative screening (targeted decolonization), while
the second group consisted of studies carrying out decolo‑
nization of all patients in the study group irrespective of the
carrier state (universal decolonization). Studies were pooled
for a meta‑analysis only if they were conducted on coherent
groups and reported data on the same scale. The software
‘Open MetaAnalyst (version Yosemite 10.10)’ was used for
the meta‑analysis (22). To take methodological heterogeneity
of the included studies into account, a random‑effects model
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Figure 1. Study flow chart.

was used to calculate the pooled effect size for all analyses.
The incidence of SSIs was compared between study and
control groups using the Risk Ratio (RR) with 95% CI. A
sub‑group analysis was also performed based on the use of
other decolonization interventions along with mupirocin for
the primary outcome. A leave‑one‑out analysis was performed
to assess the influence of each study on the pooled effect
size for both the primary and secondary outcome variables.
Heterogeneity was assessed using the I2 statistic. I2 values of
25‑50% represented low, values of 50‑75% medium and >75%
represented substantial heterogeneity. Publication bias was
not assessed due to the limited number of studies included in
the meta‑analysis (<10) (20).

Results
Study retrieval and quality control. Initially, 6,322 unique
records were identified in the literature search. Of these, 29
articles were selected for full‑text review. A total of 12 studies
were excluded as they did not fulfill the inclusion criteria
(Fig. 1). A total of 17 studies were included (12‑14,23‑36).
Since studies (12,13,30‑35) on targeted mupirocin‑based
decolonization were not coherent with respect to study
groups and data presentation, only a descriptive analysis
was per for med. Meta‑analysis was per for med for
studies (14,23‑29,36) conducting universal decolonization
with the mupirocin‑based protocol. The results of the quality
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Figure 2. Forest plot of all surgical‑site infections after universal mupirocin‑based decolonization for all patients.

assessment of the included studies are presented in Table SII.
The quality of RCTs was high but the overall quality of all
remaining studies was low. Owing to their study designs, only
two studies recruited patients in the same time period (31,35).
Multivariate analysis for confounding factors was performed
only by three studies (14,29,34).
Targeted mupirocin‑based decolonization. A total of
8 studies (12,13,30‑35) assessed the role of targeted mupi‑
rocin‑based decolonization on SSIs after a pre‑operative
screening of S. aureus carriers. The characteristics of these
studies are presented in Table I. Of these studies, 4 were
interrupted time‑series (ITS) design studies (30,32‑34),
1 was prospective (35), 1 was retrospective (31) and 2
were RCTs (12,13). All studies were conducted in indus‑
trialized countries with 4 studies being carried out in the
USA (30,31,33,34). There were differences in the carrier states
between the study and control groups in all 7 studies. Only
carriers were included in both the study and control groups of
the 2 RCTs (12,13). Nicholas et al (35) and Shrestha et al (31)
compared mupirocin‑based decolonization between a study
group of carriers and a control group of only non‑carriers.
In the remaining four studies, both carriers and non‑carriers
constituted the study and control groups (30,32‑34), but the
intervention was restricted to only carriers in the study group.
S. aureus screening was carried out by either PCR or culture in
the included studies. Decolonization protocol was restricted to
the nasal application of mupirocin in three studies (13,30,31)
while the remaining five studies also utilized topical chlorhex‑
idine (12,33‑35) or triclosan (32) in the study groups. Duration
of mupirocin use varied from 5‑7 days. In four studies mupi‑
rocin was also used in the control groups pending results of
carrier state screening (30‑33). Three ITS studies also utilized
additional antibiotic prophylaxis for carriers in the study
group [vancomycin (33,34) or teicoplanin (32)].
In the four ITS studies (30,32‑34), wherein screening
and targeted mupirocin‑based decolonization protocol was
introduced, and data of pre‑and post‑intervention were
compared; three reported a significant beneficial effect of the
intervention (30,32,34). Outcomes were, however, different
in all three studies. Saraswat et al (34) reported significantly
reduced incidence of all‑SSIs, Jog et al (32) in MRSA‑SSIs while
Nicholson et al (30) only in SA‑SSIs. Schweizer et al (33), in a
multi‑centric ITS study conducted on orthopedic and cardiac

surgery patients, reported significantly reduced risk of SA‑SSIs
in the entire cohort [Incidence rate ratio (IRR): 0.58, 95% CI:
0.37,0.92], but not specifically in patients undergoing cardiac
surgery (IRR: 0.86, 95% CI: 0.47,1.57). Amongst the 2 studies
comparing carriers and non‑carriers, the study by Nicholson
and Huesman (30) did not report any data on SA‑SSIs in the
control group. They instead analyzed the efficacy of decoloni‑
zation in the post‑operative period and reported that successful
decolonization significantly reduced the incidence of SA‑SSIs.
In another similar study, Shrestha et al (31) reported no differ‑
ence in the incidence of SSIs between carriers and non‑carriers
and concluded that targeted decolonization in carriers leads
to a significant reduction of mupirocin use without increasing
SSIs in non-carriers. Finally, the RCT of Konvalinka et al (13)
reported no statistically significant difference in SA‑SSIs when
mupirocin was used in a cohort of S. aureus carriers. However,
in the RCT of Bode et al (12), a statistically significant reduc‑
tion of SA‑SSIs was noted with the use of nasal mupirocin and
chlorhexidine soap.
Universal mupirocin‑based decolonization. A total of 9 studies
were included in the sub‑group of studies using universal
mupirocin‑based decolonization (14,23‑29,36). Details of
the studies are presented in Table II. All studies were ITS
design studies that introduced a universal mupirocin‑based
decolonization protocol without carrier state screening in
their respective healthcare setups and analyzed its effect on
the incidence of SSIs. A total of 4 studies (23‑25,36) used only
nasal application of mupirocin in the decolonization protocol,
while 4 studies (14,26,27,29) additionally utilized anti‑septic
baths. In the study by Walsh et al (28), pre‑operative screening
of S. aureus carriers was performed and vancomycin was
added to the pre‑operative prophylaxis of carriers only. On
the other hand, nasal mupirocin and coverage of chest tube
and mediastinal tube exit site with mupirocin was used in all
patients of the study group.
Except for the study by Thompson and Houston (27), all
studies reported data on all SSIs in their respective cohorts.
Analysis of the data of 34,859 patients revealed that the
mupirocin‑based universal decolonization protocol was asso‑
ciated with a significantly reduced risk of all SSIs (RR: 0.54;
95% CI: 0.40,0.75; I2=73.35%; Fig. 2). The ‘leave‑one‑out anal‑
ysis’ did not demonstrate any significant change in the outcome
after the exclusion of one study at a time (Fig. 3). Sub‑group

Carrier state
in study and
control groups

Sample size
Mean age (years)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study Control Study Control

Diabetics (%)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study Control

Screening
of carrier
state by
Antibiotic
prophylaxis

Nasal
NA
application		
of mupirocin,		
CHX soap		
bath bath for		

Bode
RCT
Netherlands NA
Study:
220
171
NA
NA
NA
NA
PCR/
(2010)				 Carriers							
culture
				
Control:								
				
Carriers								
												

SA‑SSI:
Reduced risk
in study group
(RR: 0.14, 95%
CI: 0.04‑0.51).

SA‑SSI:
No difference
between groups
(IRR: 0.86, 95%
CI: 0.47,1.57).

Cefazolin or
cefuroxime for
all patients.
MRSA carriers
also received
vancomycin.

Nasal
application
of mupirocin
2 times/ day,
CHX bath
once/day
for 5 days.
Mupirocin
in control
group till test
results were
negative.

Interrupted
USA
NA
Studya:
3257
7576
67
67
42.3
39.9
PCR/
time‑series			
Carriers &							
culture
study			
non‑carriers								
				
Control:								
				
Carriers &								
				 non‑carriers								
												
												
												
												
												
												

Schweizer
(2015)

SA‑SSI:
10.5% with
intervention
failure and 0%
with successful
decolonization.
Data of control
group NA.

Outcomes

All SSI:
Reduced
incidence in
study group
(OR: 0.58, 95%
CI: 0.39, 0.86)
with significantly
reduced MRSA
colonization.

Nasal
Cefuroxime or
application of
vancomycin
mupirocin		
2‑3 times/day,		
CHX bath		
once/day,		
CHX oral rinse		
2‑3 times/day		
for 5 days.

Decolonization
protocol

Interrupted
USA
CABG,
Studya:
4038
2826
61.8
60.9
29
26
PCR
Nasal
Cefazolin for
time‑series		
valvular Carriers & 								
application
all patients.
study		
surgery
non‑carriers								
of mupirocin
MRSA carriers
				
Control:								
2 times/ day,
also received a
				
Carriers &								
CHX bath
single dose of
				
non‑carriers								
once/day
vancomycin
												
for 5 days.
before surgery
														
														

Saraswat
(2017)

Nicholas
Prospective
France
CABG,
Study:
43
315
NA
NA
NA
NA
Culture
(2020)			
valvular Carriers								
			
surgery
Control:								
				
non‑carriers								
												
												
												
												
												

				
Author		
Study
CTS
(year)
Study type
location
type

Table I. Characteristics of studies utilizing mupirocin‑based decolonization in carriers only.

(12)

(33)

(34)

(35)

(Refs.)
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Carrier state
in study and
control groups

Sample size
Mean age (years)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study Control Study Control

Diabetics (%)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study Control

Screening
of carrier
state by
Antibiotic
prophylaxis
Outcomes

(Refs.)

5 days. Nasal
Gentamicin and MRSA‑SSI:
(32)
application
flucloxacillin
Reduced risk		
of mupirocin
for all patients.
in study group
3 times/day,
MRSA carriers
(RR 0.77, 95%
triclosan 2%
also received a
CI: 0.056, 0.95).
for 5 days.
single dose		
Mupirocin &
of teicoplanin		
triclosan
prior to surgery.		
in control			
group till test			
results were			
negative.			
Nasal
NA
MRSA infection:
(31)
application		
No difference
of mupirocin.		
between groups
Mupirocin		
(RR: 1.3, 95%
in control		
CI: 0.71‑2.39)
group till		
All SSI:
test results		
No difference
were negative		
between groups
for certain.		
(RR: 0.97, 95%
patients		
CI: 0.69‑1.36).
Nasal
NA
SA‑SSI:
(30)
application		
0.37% in study
of mupirocin		
and 1.68% in
2 times/day		
control group.
for 7 days.		
All SSI:
Mupirocin		
1.88% in study
in control		
and 1.11% in
group till test		
control group.
results were
negative.
Nasal
NA
SA‑SSI:
(13)
application		
13.8% in study
of mupirocin		
and 8.6% in
2 times/day		
control group.
for 7 days.

Decolonization
protocol

a

Decolonization protocol only for carriers in the study group. NA, not available; CTS, cardiothoracic surgery; RCT, randomized controlled trial; CABG, coronary artery bypass surgery; CHX, chlorhexidine; SA, Staphylococcus aureus; MRSA,
methicillin‑resistant S. aureus; SSI, surgical‑site infection; OR, odds ratio; RR, risk ratio; IRR, incidence rate ratio.

Jog
Interrupted
UK
NA
Studya:
681
697
NA
NA
NA
NA
PCR
(2008)
time‑series			
Carriers &								
study			
non‑carriers								
				
Control:								
				
Carriers &								
				
non‑carriers								
												
												
												
												
												
												
Shrestha
Retrospective USA
CABG,
Study:
1342
4992
60.7
62.1
26.6
23.6
PCR
(2006)			
valvular Carriers								
			
surgery
Control:								
				
Non‑carriers								
												
												
												
												
												
												
Nicholson
Interrupted
USA
NA
Studya:
954
1077
NA
NA
NA
NA
Culture
(2006)
time‑series			
Carriers &								
study			
non‑carriers								
				
Control:								
				
Carriers &								
				
non‑carriers								
												
												
												
												
Konvalinka RCT
Canada
NA
Study:
130
127
62.5
62.5
28.5
28.3
Culture
(2006)				
Carriers								
				
Control:								
				
Carriers								
												

				
Author		
Study
CTS
(year)
Study type
location
type

Table I. Continued.
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Interrupted
USA
NA
time‑series			
study			
				

Cimochowski
(2001)

Study: Carriers &
854
992
61.1
64.7
31.2
27.9
non‑carriers							
Control: Carriers							
& non‑carriers							

NA

Cefazolin

Cefazolin or
cefuroxime

Cefazolin for all.
Vancomycin
only for MRSA
carriers in study.
group

NA

Cefuroxime or
clindamycin

Cefamandole

Antibiotic
prophylaxis

Nasal application of
Cefuroxime or
mupirocin started on the night
clindamycin
prior to surgery and continued
for 5 days.		

Nasal application of mupirocin
for 3 days and pre‑operative
CHX bath.

Study: Carriers &
1205
2595
NA
NA
NA
NA
Nasal application of
non‑carriers							 mupirocin.
Control: Carriers
& non‑carriers

Interrupted
USA
NA
time‑series			
study			
				

Study: Carriers &
469
466
NA
NA
NA
NA
non‑carriers							
Control: Carriers							
& non‑carriers

Usry (2002)

Interrupted
USA
NA
time‑series			
study			
				

Martorell
(2004)

Nasal application of mupirocin
for 3 days prior to surgery.

Study: Carriers &
7555
4511
NA
NA
NA
NA
non‑carriers							
Control: Carriers
& non‑carriers

Nasal application of mupirocin
2 times/day for 5 days
or until discharge. Coverage of
chest tube and mediastinal
tube site with mupirocin.

Nasal application of mupirocin
2 times/day with daily CHX
cloth bath starting on the day
before surgery and continued
till post‑operative day 5.

Nasal application of
mupirocin 2 times/day, CHX
bath once/day or octenidine
impregnated washing gloves
for bed‑ridden patients.

Interrupted
Turkey
NA
time‑series			
study			
				

Coskun
(2005)

Interrupted
USA
NA
Study: Carriers &
2496
2766
NA
NA
NA
NA
time‑series			
non‑carriers							
study			
Control: Carriers							
				
& non‑carriers							
											

Walsh
(2011)

Thompson
Interrupted
USA
NA
Study: Carriers &
1995
643
NA
NA
NA
NA
and Houston
time‑series			
non‑carriers							
(2013
study			
Control: Carriers							
				
& non‑carriers							
											

Interrupted
Switzerland
CABG,
Study: Carriers &
646
945
64.4
65.2
NA
NA
time‑series		
valvular
non‑carriers							
study		
surgery
Control: Carriers							
				
& non‑carriers							
											

Kohler
(2015)

Interrupted
France
CABG,
time‑series		
valvular
study		
surgery
				

Nasal application of
mupirocin 2 times/day,
povidone iodine bath/wipes
once/day, for 3 days.

Diabetics (%)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑		
Study
Control
Decolonization protocol

Study: Carriers
2629
5050
NA
NA
NA
NA
& non‑carriers							
Control: Carriers							
& non‑carriers							

Mean age (years)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study
Control

Lemaignen
(2018)

Sample size
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study
Control

Carrier state in
study and control
groups

				
Author		
Study
CTS
(year)
Study type
location
type

Table II. Characteristics of studies utilizing mupirocin‑based decolonization in all patients.

(24)

(23)

(26)

(25)

(28)

(27)

(29)

(14)

(Refs.)
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Cefuroxime or
clindamycin

(36)

analysis based on use of other decolonization interventions
with mupirocin (Yes vs. No) demonstrated reduction of all
SSIs in both sub‑groups (Yes‑RR: 0.60; 95% CI: 0.46,0.79;
I2=35.39% and No‑RR: 0.48; 95% CI: 0.24,0.95; I2=86.07%;
Fig. 4).
A total of 4 studies reported data on superficial and deep
SSIs. Pooled analysis indicated a statistically significant reduc‑
tion in the risk of superficial SSIs (RR: 0.37 95% CI: 0.25,0.55;
I2=0%; Fig. 5) in the study group, but no difference in deep
SSIs between the two groups (RR: 0.45; 95% CI: 0.19,1.09;
I2=80.67%; Fig. 6). The leave‑one‑out analysis did not change
the results of superficial SSIs, but on the exclusion of the study
by Kohler et al (29), the results for deep SSIs were signifi‑
cantly in favor of mupirocin‑based decolonization (RR: 0.31;
95% CI: 0.18,0.52; data not shown). Data from 4 studies were
pooled for SA‑SSIs and MRSA‑SSIs and the results indicated
a significantly reduced risk of SA‑SSIs in the study group (RR:
0.44; 95% CI: 0.32,0.61; I2=0%; Fig. 7) but not for MRSA‑SSIs
(RR: 0.25; 95% CI: 0.05,1.28; I2=79.07%; Fig. 8). The results
were stable in the leave‑one‑out analysis (data not shown).

2 times/day for 5 days.

Nasal application of
mupirocin started on the day
prior to surgery and continued

Discussion
NA, not available; CABG, coronary artery bypass surgery; CHX, chlorhexidine; MRSA, methicillin‑resistant S. aureus; CTS, cardiothoracic surgery.
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Table II. Continued.

Sample size
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study
Control

Mean age (years)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Study
Control
Carrier state in
study and control
groups
				
Author		
Study
CTS
(year)
Study type
location
type

Diabetics (%)
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑		
Study
Control
Decolonization protocol

Antibiotic
prophylaxis

(Refs.)
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The present systematic review and meta‑analysis of 17 studies
separately analyzed evidence on the efficacy of targeted and
universal mupirocin‑based decolonization in preventing SSI
in patients subjected to CT surgery. The role of targeted
mupirocin‑based decolonization remains inconclusive with
contrasting evidence from RCTs and retrospective studies.
Limited data from low‑quality ITS studies suggested that
universal mupirocin‑based decolonization may be effective in
reducing all SSIs, superficial SSIs and SA‑SSIs with no effect
on deep SSIs and MRSA‑SSIs.
Since colonization with S. aureus has been known to
increase the risk of nosocomial infections (7‑9), decoloniza‑
tion protocols to reduce carriage and infection rates have
been widely reported in the medical and surgical literature.
According to a systematic review and meta‑analysis by
Gebreselassie et al (37), mupirocin with whole‑body decolo‑
nization is highly effective in eradicating MRSA infestation in
hemodialysis patients. Another study focusing on non‑surgical
patients reported a 59% reduced risk of S. aureus infection in
patients decolonized using nasal mupirocin (38). Orthopedic
procedures including implant placement and joint replace‑
ment surgeries are associated with a high risk of developing
SSI due to foreign body placement. Meta‑analysis studies
have demonstrated the effectiveness of nasal decolonization
in reducing gram‑positive SSIs and MRSA‑SSIs in such
patients (17,18).
Mupirocin‑based decolonization has not only been used to
reduce transmission and infections in MRSA carriers but also
to reduce all gram‑positive SSIs (25,26). Thus, controversy
exists regarding whether such a decolonization strategy should
be restricted to only high‑risk carriers or whether a more
universal decolonization protocol should be followed (39). To
answer this question, Huang et al (40) conducted a large RCT
involving 43 hospitals with 74,256 intensive care unit patients.
They concluded that universal decolonization was more
effective than screening and targeted decolonization to reduce
bloodstream infections caused by any pathogen.
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Figure 3. Leave‑one‑out analysis of all surgical‑site infections for studies utilizing universal mupirocin‑based decolonization.

Figure 4. Sub‑group analysis based on the use of other decolonization interventions (Yes vs. No) with mupirocin for all surgical‑site infections.

Figure 5. Forest plot of superficial surgical‑site infections after universal mupirocin‑based decolonization.

To provide comprehensive and clear evidence on the
efficacy of both protocols in patients subjected to CT, studies
assessing targeted and universal mupirocin‑based decolo‑
nization were separated for the present review. Descriptive
analysis of targeted decolonization in CT surgical patients
indicated contrasting results among the included studies.
Amongst the RCTs, Bode et al (12) reported a significantly
reduced risk of SA‑SSIs but Konvalinka et al (13) indicated
no significant difference in their study sample. The slightly
larger sample size and use of chlorhexidine soap may have
influenced outcomes in the trial performed by Bode et al (12).

Similarly, for ITS‑design studies on mupirocin‑based targeted
decolonization, owing to differences in study outcomes and
varying results, it was not possible to draw any strong conclu‑
sions. Saraswat et al (34) reported a reduced risk of all‑SSIs
in their cohort but no such effect was noted by Nicholson
and Huesman (30). Similarly, results were not coherent for
the incidence of SA‑SSIs and only Jog et al (32) reported
data on MRSA‑SSIs. Differences in the study population,
decolonization protocol and other infection control measures
in the included studies may have contributed to these differ‑
ences.
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Figure 6. Forest plot of deep surgical‑site infections after universal mupirocin‑based decolonization.

Figure 7. Forest plot of S. aureus surgical-site infections after universal mupirocin-based decolonization.

Figure 8. Forest plot of methicillin‑resistant S. aureus surgical‑site infections after universal mupirocin‑based decolonization.

Targeted decolonization has been recommended to reduce
the emergence of mupirocin resistance (41). The literature on
the level of mupirocin resistance following its universal use
is, however, scarce. The REDUCE‑MRSA trial (42) compared
targeted and universal decolonization with mupirocin and
chlorhexidine and determined that the odds of mupirocin
resistance were not different across treatment arms. The
results were not conclusive, as the 95% CIs of the outcomes
were wide. In a recent meta‑analysis, Dadashi et al (41)
reported an increased prevalence of mupirocin resistance in
both S. aureus and MRSA, indicating that reduced efficacy
of mupirocin poses a risk for invasive infection. In one of
the included studies, Shrestha et al (31) demonstrated that
limiting mupirocin to only carriers does not increase the risk
of MRSA and all‑SSIs in non‑carriers. In recent years, due to
the increased awareness of mupirocin resistance, research is
underway to identify alternative nasal decolonization agents.
Alcohol and iodine‑based agents are in use but their efficacy is
still under investigation (15).
Despite the drawback of anti‑microbial resistance, universal
decolonization with mupirocin offers certain distinct advan‑
tages. MRSA surveillance and the requirement for contact

precautions may be eliminated with universal decolonization,
which may reduce hospital costs and contribute to better
patient care (40,43). It may also reduce the total microbial
burden of the patient and contribute to a greater reduction in
hospital infection rates (40). The present analysis of 9 studies
revealed that mupirocin‑based decolonization was effective
in reducing the risk of all SSIs, superficial SSIs and SA‑SSIs
in CT surgical patients but not in reducing deep SSIs and
MRSA‑SSIs. The lack of significant results for MRSA‑SSIs
may be due to the limited number of studies reporting data on
MRSA‑SSIs. In addition, the exact number of MRSA carriers
in the study and control groups was unknown. An insufficient
number of carriers in these studies may have led to reduced
statistical power.
The results of the present analysis concur with previous
reviews. Schweizer et al (17), in a review of studies published
up to January 2012, reported a significantly reduced risk of
gram‑positive SSIs and SA‑SSIs with nasal decolonization in
cardiac surgery patients but no difference in MRSA infection
rates. In 2017, Ma et al (18), in a meta‑analysis of 9 studies
on pediatric and adult cardiac surgical patients, determined
a significantly reduced risk of all SSIs and SA‑SSIs with
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nasal decolonization. In contrast to the present analysis, these
reviews were not focussed on mupirocin‑based decolonization
and included a mix of studies employing both targeted and
universal decolonization.
The decolonization protocol was not identical among the
included studies. Anti‑septic baths consisting of chlorhexidine
and povidone‑iodine were used with mupirocin in half of the
included studies. It is known that S. aureus may colonize other
regions of the body, including the pharynx, groin, perianal
region or axilla and contribute to SSIs (12). Therefore, it is
plausible that the use of chlorhexidine for whole‑body decolo‑
nization with mupirocin for nostrils may lead to a greater
reduction of SSIs (44). However, the current evidence on
the role of such anti‑septic baths for reducing SSIs is weak.
Meta‑analysis studies have reported no significant reduction
in the risk of SSIs with anti‑septic baths (45,46). A total of
4 studies included in the present review also used additional
glycopeptide antibiotics for MRSA carriers along with
mupirocin‑based decolonization. Saleh et al (47) demonstrated
that the addition of glycopeptide antibiotics significantly
reduces the risk of S. aureus infections in patients undergoing
cardiac, vascular and orthopedic surgery. To analyze the
role of such additional interventions on the pooled outcomes
of the present meta‑analysis, sub‑group and leave‑one‑out
analyses were performed. The exclusion of the single study by
Walsh et al (28), in which vancomycin was added to MRSA
carriers in the universal decolonization study, did not change
the significance of the overall results. In addition, on subgroup
analysis, no difference in the risk of all SSIs was identified for
studies using these additional interventions.
The limitations of the present review require to be
mentioned. First, due to the limited number of coherent studies,
it was not possible to perform any meta‑analysis for targeted
mupirocin‑based decolonization. Furthermore, the results of
the pooled analysis of data from retrospective ITS studies may
be limited due to the high risk of bias. Time‑based variation in
the hospital infection control protocol, as well as differences
in surgical technique, compliance of intervention or level of
post‑operative care may have skewed the results. Geographical
variation in the patient population with baseline differences in
patient comorbidities and the type of surgical procedure may
also have influenced infection rates. In addition, the decolo‑
nization protocol was not similar across studies with the use
of antiseptic baths and glycopeptide antibiotic prophylaxis
in certain studies. Finally, only four studies were included in
the meta‑analysis of secondary outcomes, which limited the
power of the analysis.
However, the present study provides up‑to‑date and
comprehensive evidence on the role of mupirocin‑based
decolonization in CT surgical patients. Studies were
segregated based on the decolonized population, analyzing
them separately for available evidence. Appropriate sub‑group
and sensitivity analyses were performed to take into account
differences among the included studies.
To conclude, the present review indicated that currently
available evidence on the role of targeted mupirocin‑based
decolonization to reduce SSIs after CT surgery is non‑coherent
and inconclusive. Analysis of low‑quality retrospective studies
suggested that universal mupirocin‑based decolonization may
reduce all SSIs, superficial SSIs and SA‑SSIs but not deep SSIs
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and MRSA‑SSIs in CT surgical patients. Further, high‑quality
RCTs with a homogenous decolonization protocol on patients
subjected to CT surgery are required to strengthen the current
evidence.
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