
1 

 

Decolonization Strategies in ICU: Efficacy of 
Chlorhexidine and Mupirocin in Reducing MRSA 
Infections - A Systematic Review and Meta-
Analysis  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

By: Aswani Suresh 
 
Supervisor: Patrik Dinnétz 

Södertörn University | School of Natural sciences, technology, and environmental studies 

Master’s dissertation 15 credits 

Infectious Disease Control 2023 

 

 

 

 

 



2 

 

Table of contents 

Popular summary ..................................................................................................3 

Abbreviations.........................................................................................................5 

Abstract .................................................................................................................6 

1. Introduction .......................................................................................................7 

 1.1 Aim ......................................................................................................8 

 1.2 Research Question ...............................................................................8 

2. Method ...............................................................................................................8 

 2.1 Data Sources and Search Strategy……………………………………8 

 2.2 Eligibility Criteria…………………………………………………….9 

  2.2.1 Inclusion criteria ...................................................................9 

  2.2.2 Exclusion criteria ..................................................................9 

 2.3 Data Handling and Collection………………………………………..9 

 2.4 Data Extraction………………………………………………………10 

  2.4.1 Calculation of yi and vi……………………………………10 

 2.5 Methodology Quality Appraisal……………………………………..10 

 2.6 Statistical Methods…………………………………………………..11 

3. Result …………………………………………………………………………11 

 3.1 Overview of Included Studies……………………………………….12 

  3.1.1 Study Inclusion and Selection……………………………..12 

  3.1.2 Study Characteristics………………………………………12 

 3.2 Methodological Quality of Included Studies………………………...17 

 3.3 Meta-Analysis………………………………………………………..19 

  3.3.1 Random effects model……………………………………..20 

  3.3.2 Mixed Effects Model………………………………………20 

  3.3.3 Forest plot …………………………………………………21 

4. Discussion ……………………………………………………………………23 

5. Conclusion ……………………………………………………………………25 

6. Reference ……………………………………………………………………..26 

7. Appendix …………………………………………………………………...…31 

 



3 

 

Popular Summary  

Decolonizing MRSA in ICUs: A Path to Safer Patient Outcomes 

 

Methicillin-resistant Staphylococcus aureus (MRSA) is a formidable foe in intensive care 

units (ICUs), causing severe infections that are difficult to treat due to its resistance to 

common antibiotics. This leads to longer hospital stays, higher medical costs, and increased 

risks for patients. To combat MRSA, healthcare professionals have focused on decolonization 

strategies—methods to eliminate MRSA from the body before it can cause infections. Two 

key agents in these strategies are chlorhexidine gluconate (CHG) and mupirocin. This study 

involves a systematic review and meta-analysis of research conducted between 2013 and 

April 2024 that analyzed the effectiveness of these decolonization agents in ICUs. 

 

Databases, including Medline and PubMed, were searched, and 11 studies were selected for 

the analysis. It aimed to determine how well CHG, mupirocin, or a combination of both, 

worked in reducing MRSA infections in ICU patients. Data from these studies were 

meticulously extracted and standardized, focusing on how often MRSA infections occurred 

and the effectiveness of the decolonization strategies. The results were then analyzed using 

statistical models to draw meaningful conclusions.  

 

The findings were promising. Decolonization strategies using CHG and mupirocin led to a 

significant 41% reduction in MRSA colonization or infection rates. This means that patients 

undergoing these treatments were much less likely to carry or develop MRSA infections. 

When looked closer, it was found that CHG alone reduced MRSA infections by 60%, and the 

combination of CHG with mupirocin reduced infections by 24%. Although mupirocin alone 

also helped, its results weren't as strong or statistically significant. These findings have 

important implications for ICU protocols. Incorporating CHG, either alone or in combination 

with mupirocin, into routine decolonization practices could drastically reduce the incidence of 

MRSA infections. However, caution is needed regarding mupirocin resistance; overuse of any 

antimicrobial agent can lead to resistance, reducing its effectiveness over time. 

 

In conclusion, our comprehensive analysis underscores the importance of effective 

decolonization strategies in managing MRSA in high-risk ICU environments. By 

implementing these strategies, healthcare providers can protect vulnerable patients, reduce 

healthcare costs, and improve overall outcomes in ICUs. As MRSA continues to pose a threat, 
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our study provides a robust framework for enhancing infection control measures in hospitals 

worldwide. 
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CHG Chlorhexidine gluconate 

CI Confidence interval 

HAI Healthcare-associated infection 

ICU Intensive care unit 

IRR Incidence rate ratio 

MRSA Methicillin-resistant Staphylococcus aureus 

BUGG   Benefits of Universal Glove and Gown 

RCT       Randomized controlled trial 

REDUCE 

MRSA  

Randomized Evaluation of Decolonization versus Universal Clearance to Eliminate 

MRSA  

NICU Neonatal Intensive Care unit  

HR Hazard Ratio 

AI Acquired Infection 
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Abstract  

Background: Methicillin-resistant Staphylococcus aureus (MRSA) poses a significant 

challenge in ICU settings, increasing morbidity, mortality, and healthcare costs. This study 

systematically reviews and conducts a meta-analysis on the effectiveness of decolonization 

strategies using chlorhexidine gluconate (CHG) and mupirocin in reducing MRSA infections 

in ICUs. 

Methods: A comprehensive search of Medline and PubMed from 2013 to April 2024 

identified studies evaluating the effects of CHG, mupirocin, or their combination for 

decolonization. Eleven studies met the inclusion criteria for the meta-analysis. Data extraction 

focused on risk ratios, incidence rates, and true positive and negative outcomes, with 

standardized calculations across studies. 

Results: The random-effects model indicated a significant reduction in MRSA colonization 

and infection rates (estimate = -0.5284, p = 0.0002), with a high degree of heterogeneity (I² = 

96.69%). The pooled relative risk was 0.59 [0.45, 0.78], suggesting a 41% reduction in 

MRSA risk. The mixed-effects model identified significant residual heterogeneity (I² = 

95.44%) and a borderline significant impact of decolonization agents (QM p = 0.0503). 

Subgroup analyses showed that CHG alone (RR = 0.40 [0.23, 0.69]) and the combination of 

CHG and mupirocin (RR = 0.76 [0.62, 0.93]) significantly reduced MRSA rates, while 

mupirocin alone did not achieve statistical significance (RR = 0.80 [0.62, 1.03]). 

Conclusions: Decolonization interventions, particularly those involving chlorhexidine and its 

combination with mupirocin, are effective in reducing MRSA colonization and infection rates 

in ICUs. The findings highlight the need for tailored decolonization strategies in clinical 

practice and underscore the importance of further research to optimize MRSA prevention and 

control measures. 

Keywords: MRSA, ICU, decolonization, meta-analysis, chlorhexidine gluconate, mupirocin. 
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1. Introduction 

Methicillin-resistant Staphylococcus aureus (MRSA) presents a significant challenge in both 

hospital and community settings, with its prevalence escalating, particularly in intensive care 

units (ICUs) (1). ICU patients afflicted with MRSA infections experience heightened 

morbidity and mortality rates, prolonged ICU stays, and escalated healthcare expenses (2). 

Notably, MRSA colonization is a crucial precursor to infection, with ICU patients being 

particularly vulnerable to acquisition during their stay (1). 

 

Recent research underscores the substantial risk of MRSA colonization among ICU patients, 

with a noteworthy percentage becoming colonized during their ICU admission (1). MRSA 

colonization is a complex process influenced by various factors including patient 

characteristics, healthcare interventions, and environmental factors within the ICU (3). 

Additionally, existing MRSA colonization upon admission markedly heightens the risk of 

subsequent MRSA infection, exacerbating the burden on already compromised patients (4). 

For instance, Qiao, Fu et al showed that 10.7% of patients became colonized with MRSA 

during their ICU stay and confirmed that patients already colonized with MRSA on admission 

were more likely to acquire MRSA infection (2.3-fold higher risk; 95% CI, 1.1–7.3) (4). 

 

Active surveillance culture (ASC) plays a pivotal role in identifying MRSA colonization, 

enabling targeted interventions to prevent infection spread (5). Healthcare facilities can 

promptly identify colonized individuals through routine screening, and implementing 

appropriate infection control measures such as decolonization strategies (5). Decolonization 

strategies emerge as pivotal interventions to mitigate infection risks for colonized patients and 

curtail transmission to others (6). Both targeted and universal decolonization approaches have 

demonstrated efficacy in reducing cross-transmission and infection rates in ICUs (7). 

Targeted decolonization focuses on patients identified through routine surveillance, while 

universal decolonization extends to all patients, regardless of colonization status (7). 

Nasal mupirocin application stands out as a common strategy, targeting the primary reservoir 

of MRSA in the anterior nares (8). By inhibiting bacterial protein synthesis, mupirocin 

effectively reduces colonization (8). Complementing this, Chlorhexidine gluconate (CHG), 

with its cell wall-binding properties, offers additional efficacy, particularly for skin 

disinfection before invasive procedures (8). As an alternative, decolonization agents such as 

povidone-iodine and octenidine dihydrochloride have also been utilized in healthcare settings 
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(9,10). These agents offer additional options for decolonization and have been studied for 

their efficacy in reducing MRSA colonization. Their inclusion highlights the diverse range of 

strategies available for combating MRSA infections in intensive care units (ICUs) and 

underscores the importance of evaluating the effectiveness of various decolonization 

approaches.  

 

The objective of this study is to conduct a systematic review and meta-analysis to provide a 

comprehensive assessment of the effectiveness of decolonization strategies in reducing 

MRSA infections within ICU settings. 

 

1.1 Aim 

The principal aim of this study is to undertake a systematic review and meta-analysis to assess 

the efficacy of patient decolonization procedures in mitigating MRSA infections within ICU 

settings. Additionally, the study seeks to compare the effectiveness of various patient 

decolonization protocols, including chlorhexidine and mupirocin, in reducing MRSA 

infections. 

 

1.2 Research Question 

Are patient decolonization procedures effective in reducing MRSA infections within the ICU 

setting, and what is the comparative effectiveness of Chlorhexidine gluconate and mupirocin 

in achieving this outcome? 

 

2. Method 

To ensure a comprehensive analysis, this study rigorously adhered to the guidelines of the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 

 

2.1 Data Sources and Search Strategy 

A systematic search was conducted across renowned medical databases, including Medline 

and PubMed, spanning from 2013 to April 10th, 2024. The search strategy utilized a 

combination of search terms and Boolean phrases, including ("MRSA AND decolonization 

AND ICU", "Mupirocin AND MRSA AND ICU", and “Chlorhexidine AND MRSA AND 

ICU"). 
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2.2 Eligibility Criteria 

 

2.2.1 Inclusion criteria 

The titles and abstracts of all the studies retrieved were scrutinized and only studies 

fulfilling the eligibility criteria were selected for analysis. The inclusion criteria are as 

follows: 

• Types of studies: Randomized Controlled Trials (RCTs), Quasi-experimental studies 

(controlled before-and-after studies), Cohort Studies, Case-Control Studies, and 

Observational Studies were included in the analysis. The included studies were limited 

to those published in English. 

• Types of participants: Patients regardless of age admitted to intensive care units who 

underwent decolonization treatment with Chlorhexidine gluconate or mupirocin or 

their combination. 

• Types of intervention: Studies evaluating the effects of CHG or mupirocin or their 

combination for decolonization were included. 

• Type of outcome: the change in MRSA infection rates within the ICU post-

intervention. 

• Full-text access was required for inclusion. 

 

2.2.2 Exclusion criteria: 

• Studies published in languages other than English. 

• Exclusion of studies not incorporating CHG and mupirocin in the decolonization 

protocol. 

• Studies utilizing mathematical models to estimate decolonization rates rather than 

human subjects. 

Search results were reviewed, and duplicates were removed. Those studies that met inclusion 

criteria were selected for full review. 

 

2.3 Data handling and collection 

The selected articles were retrieved as full text and further assessment of their 

eligibility for inclusion and verification that they contained relevant information was 

performed. The initial search of both databases produced 265 articles from which duplicates 

were excluded and 82 articles were shortlisted. From these, 17 articles were excluded due to 
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inaccessible full text. Excluding the cost analysis, review, mathematical models, studies done 

on healthcare workers, and laboratory analysis, 20 studies were shortlisted for systematic 

review from which 11 studies were included for meta-analysis according to the availability of 

the data showing the change in MRSA infection. The following parameters were extracted 

from all articles: Author, Publication year, study design, type of decolonization and the agent 

used, outcome, and total sample size if available.  

 

2.4 Data Extraction 

Hazard ratios, risk ratios, rate ratios, and incidence rate ratios, along with their corresponding 

confidence intervals and p-values, were systematically extracted from the selected studies. 

Additionally, true positive, true negative, and total sample size data were collected whenever 

available. All extracted ratios, including hazard ratios, were treated uniformly as risk ratios 

for consistency in the analysis. Extracted data were compiled into an Excel spreadsheet, 

organizing each study's ratios, confidence intervals, p-values, and true positive, true negative, 

and total sample size data. Studies were then shortlisted for meta-analysis based on the 

availability of the required data. Only studies with complete data necessary for the meta-

analysis were included in the final selection. 

 

2.4.1 Calculation of yi and vi: 

Before conducting the random-effects model, the yi (log of the effect size) and vi (sampling 

variance) were computed for each study based on the extracted data. These calculations were 

performed to prepare the data for meta-analysis. 

 

2.5 Methodology quality appraisal 

For randomized controlled trials (RCTs), the Cochrane risk of bias tool was used to evaluate 

methodological quality across key domains such as randomization, allocation concealment, 

blinding of participants, reporting of incomplete outcome data, selective reporting, and any 

other bias (11). Cohort and quasi-experimental studies were assessed using the Risk of Bias In 

Non-randomized Studies – of Interventions (ROBINS-I) tool (12). This tool focused on 

potential biases related to confounding, selection of participants, intervention classification, 

deviations from intended interventions, missing data, and outcome measurement. 
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2.6 Statistical methods 

Data analysis was conducted using R Commander version 4.3.1 and the metaphor and meta-

packages version 4.4-0 within Rstudio (13,14). The escalc function facilitated the calculation 

of variance for effect size determination (14). Employing a random effects model; restricted 

maximum likelihood method (REML), a meta-analysis was performed, with heterogeneity 

within studies assessed using the I2 statistic. Sub-analyses were conducted to explore the 

effects of decolonization agents, such as chlorhexidine and mupirocin. Visualization of pooled 

data was achieved through the creation of forest plots. Significant associations have been 

measured at 5% alpha level (p < 0.05). 

 

1. Results 

 

 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow 

diagram. 
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3.1 Overview of Included Studies 

3.1.1 Study Inclusion and Selection 

A total of 20 studies were included in this systematic review, encompassing 237 hospitals. Of 

these, 11 studies were selected for the meta-analysis. The systematic article selection process 

is depicted in Figure 1. 

 

3.1.2 Study Characteristics 

The studies included in the meta-analysis comprised five randomized controlled trials (RCTs) 

(15,16,17,6,18), two quasi-experimental studies (19,20), one cohort study (3), and three 

prospective pre- and post-analysis, observational and single-center interventional studies 

(21,22,23). Among these, five studies examined the impact of universal decolonization, five 

investigated targeted decolonization, and one study compared both approaches. Detailed 

characteristics of these studies are provided in Table 1. 

 

Three RCTs explored the efficacy of universal decolonization, with two using both nasal 

mupirocin and chlorhexidine (CHG) and one using CHG alone (15,16,18), whereas Huang et 

al. (2013) conducted a comparative analysis of universal and targeted decolonization in the 

REDUCE MRSA trial (6). Nelson et al. (2021) examined the effects of targeted 

decolonization in a neonatal intensive care unit (NICU) (17). The remaining studies included 

in the systematic review are various designs such as cohort, observational, and before-and-

after studies. 

 

Primary Outcomes 

The primary outcomes assessed were changes in MRSA colonization rates, MRSA infection 

rates, and transmission dynamics within ICU settings. Several studies reported statistically 

significant reductions in MRSA colonization rates following decolonization interventions, 

while others showed mixed results or minimal impact on MRSA infection rates. Comparative 

analyses of different decolonization approaches, such as targeted versus universal 

decolonization or using different decolonization agents, revealed varying degrees of 

effectiveness in reducing MRSA infections. 

 

Decolonization Agents and Treatment Regimes 

Sample sizes varied, with some studies focusing on specific populations like neonates or 

MRSA carriers. The most common treatment regime used by the included studies was 2% 
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mupirocin ointment for five days and 2% CHG-impregnated washcloths for the ICU stay 

period, while some studies also used 4% CHG (16,19). Targeted interventions, such as those 

by Lee et al. (19) and Bozzella et al. (24), focused on known MRSA carriers, whereas 

universal interventions, like those by Bradley et al. (25) and Kim et al. (26), aimed to 

decolonize all patients regardless of colonization status. These interventions typically 

involved applying decolonization agents to specific anatomical sites, such as the nasal 

passages and umbilicus, as demonstrated by Pierce et al. (3) and Matsui & Katayama (27). 

 
 

Table 1. The characteristics of the studies included in the Meta-Analysis 
 

Author,Year Study Design Decolonization  Agent and 

intervention 

Control /comparison 

Huang, 

Susan S et 

al,2023 

pragmatic, cluster-

randomized trial 

Universal  2% mupirocin 

ointment for 5 days 

plus daily 2% no-rinse 

CHG cloth baths for 

the entire ICU stay. 

Twice-daily intranasal 10% 

povidone-iodine swabs for 

5 days plus daily 2% no-

rinse CHG cloth baths for 

the entire ICU stay. 

Pierce, R et 

al,2017 

retrospective 

cohort study 

Targeted Intranasal mupirocin 

administered twice 

daily for five days 

And 2% chlorhexidine 

gluconate for MRSA 

carriers 

Non-decolonized neonates 

Lee, Yuarn-

Jang et 

al,2015 

quasi-

experimental, 

interrupted time-

series design 

Targeted mupirocin ointment  3 

times per day for 5 

days, and  application 

of 4% chlorhexidine 

gluconate once per 

day for five days for 

MRSA carriers 

Decolonization for MRSA 

clinical patients only 

Cho, Oh-

Hyun et 

al,2016 

Prospective study, 

Pre-post and 

interrupted time 

series analysis 

Targeted mupirocin ointment 

was applied to the 

anterior nares twice a 

day and whole-body 

bathing with 

2% chlorhexidine 

gluconate (CHG) 

solution was 

performed once daily, 

for 5 days. 

Active surveillance for 

MRSA and institution of 

contact precautions 
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Kim, Jae-

Seok et 

al,2016 

single-center 

intervention study 

Universal  Daily bathing with no-

rinse 2% 

chlorhexidine-

impregnated 

washcloths  

Routine daily bed baths 

with nonmedicated, wet 

towels 

Camus, C et 

al,2014 

multicenter, 

placebo-

controlled, 

randomized, 

double-blind study 

Universal  nasal mupirocin 2 % 

ointment  and 

chlorhexidine 4 % 

soap,(M/C) Three 

times daily for 5 days. 

A solution containing 

polymyxin E and 

tobramycin(P/T), or a 

gelatin solution (placebo), 

was administered to the 

nostrils, oropharynx, and 

stomach every 6 hours. 

Musuuza, 

Jackson S et 

al,2017 

a 

quasiexperimental, 

pretest–posttest 
study 

Universal  2% chlorhexidine–

impregnated 

washcloths 

No decolonization used 

Armellino, 

Donna et 

al,2014 

observational Targeted 2% CHG prepackaged 

impregnated cloth for 

MRSA carriers 

Soap and water from a 

reusable basin 

Nelson, 

Melissa U 

et al,2021 

double-blind 

randomized 

placebo-controlled 

trial 

Targeted  0.5-inch ribbon of 

topical mupirocin 

ointment applied to 

intranasal and 

periumbilical sites 

twice daily for 5 

consecutive days 

Petroleum jelly 

Huang, 

Susan S et 

al,2013 

pragmatic, cluster-

randomized trial 

comparing 

universal and 

targeted 

Intranasal mupirocin 

ointment 2% and 2% 

chlorhexidine–

impregnated cloths for 

MRSA carriers 

Intranasal mupirocin 

ointment 2% and 2% 

chlorhexidine–impregnated 

cloths for all ICU patients 

Climo, 

Michael W 

et al,2013 

multicenter, 

cluster-

randomized, 

nonblinded 

crossover trial 

Universal  no-rinse 2% 

chlorhexidine-

impregnated 

washcloths 

Non-antimicrobial 

washcloths 
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Impact of Decolonization Interventions 

Bradley et al. (25) found that discontinuing 2% nasal mupirocin and 4% CHG body wash in 

the ICU led to an increase in MRSA acquisitions from 13.8 to 32.8 per 100,000 patient bed 

days but reintroducing the therapy decreased acquisitions to 21.5 per 100,000 bed days. 

Another study showed a 23.4% reduction in MRSA acquisition with daily 2% CHG-

impregnated washcloths, though the difference was not statistically significant (21.0 vs 16.1 

cases per 1,000 patient days, P = .101) (22). 

 

An observational study revealed that using nasal mupirocin alone in a NICU, MRSA 

transmissions decreased by 45%, from 23.1 to 12.7 per 10,000 patient days, compared to 

mupirocin and periodic CHG used only for MRSA-colonized neonates (28). When iodophor 

and CHG were used instead of mupirocin and CHG, MRSA clinical cultures were 14.1% 

higher (HRs: 1.13 vs. 0.99) (15). 

 

A retrospective cohort study by Pierce et al. (3) in a NICU where active surveillance cultures 

and decolonization were used to control MRSA, showed that decolonized neonates exhibited 

no transmission risk, whereas each additional day of exposure to a colonized-untreated 

neonate raised transmission risk by 6%. In contrast, the combination of nasal mupirocin and 

CHG bathing in MRSA carriers did not significantly affect MRSA transmission until 

enhanced cleaning of reusable equipment was added, as analyzed by Bozzella et al. (24). 

 

Studies Using CHG Alone 

Certain studies used only CHG as the decolonization agent in both universal and targeted 

ways but with varied findings. For instance, studies by Dicks et al. (29) and Musuuza et al. 

(20) comparing universal CHG bathing to no decolonization revealed no significant change in 

the incidence and infection rate of MRSA. Similarly, Climo et al. (18) found the overall 

MRSA acquisition rate to be 19% lower during the intervention period, though this difference 

was not statistically significant. 

 

Conversely, Urbancic et al. (30) compared the effect of 2% CHG body wipes used universally 

on all ICU patients with daily bed baths with 1% triclosan, finding that CHG bathing reduced 

MRSA isolation from surveillance and clinical specimens, proving more effective than 

triclosan in reducing MRSA skin colonization and significantly decreasing MRSA 

acquisition. 
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A pre-post interventional study by Viray et al. (31), comparing the effect of 4% CHG-based 

soap (intervention) with non-medicated soap for daily bathing of all ICU patients, revealed 

that the intervention unit saw a 20.68% decrease in MRSA acquisition and a 41.37% decrease 

in MRSA infection, whereas the control ICU showed no significant changes in either MRSA 

acquisition or infection rates. 

 

An observational health quality study by Armellino et al. (23), in which 2% CHG-

impregnated cloth was used for at-risk MRSA-positive patients admitted to ICU, based on 

nasal screening specimen results obtained on admission or during the ICU stay, concluded 

that this selective CHG bathing program led to a 72% decrease in MRSA transmission 

compared to soap and water bathing (RR 0.28, 95% CI 0.14-0.58). 

 

Decolonization of Specific Anatomical Sites 

Similar to the nares, the umbilicus can also become colonized with MRSA. A study at The 

Children’s Hospital of Michigan, where universal decolonization was implemented for newly 

admitted pediatric NICU and PICU patients with mupirocin 2% antibiotic ointment 

application (intranasal/umbilical) and concurrent CHG baths twice daily for five days, 

revealed that mupirocin with CHG baths eradicated colonization, with effectiveness 

increasing from 50% at seven days to 100% at 14 days (32). Matsui and Katayama (27) 

investigated MRSA decolonization rates of the oral cavity and intratracheal aspirates in NICU 

patients receiving nasal mupirocin treatment.140 neonates with MRSA colonization in the 

oral or tracheal cavity, as obtained from weekly surveillance culture tests using buccal surface 

swabs, underwent decolonization. Primary decolonization was observed in 70 neonates (85%) 

in the oral cavity group and 14 neonates (58%) in the tracheal group. 

 

Interrupted Time-Series and Comparative Effectiveness Trials 

An interrupted time-series design by Lee et al. (19) showed that the MRSA infection rate 

initially decreased from 3.58 to 0.42‰ during the intervention period (P <0.05), rose to 

2.21‰ during the interruption period, and then decreased again to 0.18‰ upon reintroduction 

of the intervention (P <0.05). 

In a randomized trial in French ICUs, mupirocin/CHG (M/C) reduced MRSA infections 

significantly more than polymyxin/tobramycin (P/T), with a higher decolonization rate 

(69.2% vs. 41.9%; P = 0.04) (11).  
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The REDUCE MRSA trial by Huang et al. (6) compared strategies for preventing MRSA 

clinical isolates and infections in adult ICUs in Hospital Corporation of America (HCA) 

hospitals. This trial compared targeted and universal decolonization along with isolation and 

screening where Universal decolonization (HR 0.63; 95% CI, 0.52 to 0.75) resulted in a 

significantly greater reduction in MRSA-positive clinical cultures (by 37%) than did 

screening and isolation (HR 0.92; 95% CI, 0.77 to 1.10) (6).  

 

Surveillance and Resistance 

Kim et al. (26) and Cho et al. (21) demonstrated that active surveillance, contact precautions, 

and basic infection prevention interventions alone were ineffective in reducing MRSA 

infections but could reduce the clinical MRSA incidence by 61.6% post-decolonization (P < 

.001), even though low-level mupirocin resistance rose from 0% to 19.4% during the study. 

 

Targeted Decolonization in Specific Populations 

A low-risk-of-bias randomized controlled trial by Nelson et al. (17) analyzing the 

effectiveness of targeted decolonization in neonates using mupirocin intranasally and peri-

umbilically, proved that primary decolonization was more successful for mupirocin-treated 

infants (76%) than for controls treated with petroleum jelly (25%). 

 

3.2 Methodological quality of included studies 

Out of the 5 randomized controlled trials (RCTs) included, four were analyzed as studies with 

a high risk of bias and one with a low risk of bias using the Cochrane risk of bias tool (table 

2) (11). Although most of the studies assessed here exhibit a high risk of bias according to the 

Cochrane tool, it is important to note that all these studies measure outcomes directly 

resulting from the interventions. In this context, the processes of randomization and blinding 

do not substantially impact the outcomes. Therefore, despite the identified risks, all the 

studies can be considered high quality with a low risk of bias based on the nature of the 

outcome measurements. 
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Table 2. Methodological quality of included RCTs using Cochrane risk of bias tool.  

 

Author/Year Random 

sequence 

generation 

Allocation 

concealment 

Blinding of 

participants 

and 

personnel 

Blinding 

of 

outcome 

assessment 

Incomplete 

outcome 

data 

Reporting 

bias 

Method 

Quality  

Huang, 

Susan S et 

al,2023 

Shiny 

application, 

Goldilocks 

approach, 

randomized in 

a 1:1 ratio 

Not reported Unblinded Not 

reported 

withdrawals 

clearly 

reported 

and do not 

suggest 

systematic 

issues 

Not reported 
 

 
low risk unclear High risk unclear low risk unclear High 

risk 

Camus, C et 

al,2014 

Not reported Not reported double 

blinded 

Not 

reported 

Not 

reported 

Not reported 
 

 
unclear unclear low risk unclear unclear unclear High 

risk 

Nelson, 

Melissa U et 

al,2021 

SAS 

statistical 

software 

pharmacy 

staff used the 

pre-

generated 

random 

allocation 

sequence 

double-

blinded 

neither 

were aware 

of group 

assignment 

excluded 

infants 

discharged 

from the 

NICU 

before 

completing 

the initial 

intervention 

reported all 

relevant 

outcomes 

and findings 

 

 
low risk low risk low risk low risk low risk low risk low risk 

Huang, 

Susan S et 

al,2013 

stratified, 

block 

randomization  

Not reported Unblinded Blinded  addressed 

incomplete 

outcome 

data, 

intention-

to-treat 

principle 

reported 

transparently 

 

 
low risk unclear High risk low risk low risk low risk High 

risk 

Climo, 

Michael W et 

al,2013 

stratification 

by unit type 

but method 

not reported 

Not reported Unblinded Not 

reported 

Not 

reported 

Not reported 
 

 
unclear unclear High risk unclear unclear unclear High 

risk 
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The quality of the included non-RCTs (cohort and quasi-experimental) was evaluated using 

the Risk of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool 

(12). The assessment criteria using ROBINS-I for three studies show that Musuuza, Jackson S 

et al, 2017 is a low-quality study (table 3), as the study did not use appropriate analysis 

methods to control for all important confounding domains. 

 

Table 3. ROBINS-I Assessment of Bias in Non-randomized Studies of Interventions 

 

 

3.3 Meta-analysis 

In the meta-analysis, initially, 11 studies were included, but two of these studies provided 

additional data points beyond the primary outcome measures. Therefore, the analysis 

incorporated a total of 14 data points from these 11 studies. Specifically: 

• The study by Huang, Susan S et al. (6) provided hazard ratios (HR) for both universal 

and targeted decolonization, as well as for MRSA bloodstream infection. 

• Similarly, Kim, Jae-Seok et al. (22) contributed hazard ratios for MRSA bloodstream 

infection along with data on true positive and true negative cases for total MRSA 

infections in the ICU unit. 

The studies were reorganized before importing the extracted data into RStudio to facilitate the 

meta-analysis. 

 

 

ROBINS-I Assessment Criteria

Pierce, R et 

al,2017

Lee, Yuarn-

Jang et al,2015

Musuuza, 

Jackson S et 

al,2017

Is there potential for confounding of the effect of intervention in this 

study? yes yes yes

Did the authors use an appropriate analysis method that controlled 

for all the important confounding domains yes yes no

Was selection of participants into the study (or into the analysis) 

based on participant characteristics observed after the start of 

intervention? no no no

Were intervention groups clearly defined? yes yes yes

Were there deviations from the intended intervention beyond what 

would be expected in usual practice? no information no information no information

Were outcome data available for all, or nearly all, participants? no yes yes

Were outcome assessors aware of the intervention received by study 

participants? yes yes yes
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3.3.1 Random-Effects Model 

 

A random-effects model was employed to evaluate the impact of decolonization interventions 

on MRSA colonization and infection rates across 11 studies with 14 data points. The model 

yielded the following results: 

 

Table 4. Result of the random effect model for the studies included in the meta-analysis. 

 

 

 

 

 

High I² (96.69%) indicates suggests considerable heterogeneity. The test for heterogeneity 

indicated significant variability among the included studies, Q (df = 13): 181.0233, p-value < 

0.0001. 

Table 5. Model Results of Random-Effects Meta-Analysis 

Estimate SE zval pval ci.lb ci.ub 

-0.5284   0.1407   -3.7559   0.0002 -0.8042 -0.2527 

 

A negative estimate here suggests a statistically significant reduction in MRSA rates 

following decolonization interventions. The prediction interval (-1.4923 to 0.4355) estimates 

the range where the true effect lies in 95% of similar studies. The exponentiated predicted 

value (0.5895) indicates the odds ratio for MRSA reduction, suggesting a nearly 41.05% 

decrease in MRSA colonization or infection with decolonization interventions. 

3.3.2 Mixed-Effects Model 

 

A mixed-effects model was used to assess the differential impact of specific decolonization 

agents, using the 11 studies with 14 data points. The analysis was refined to focus only on the 

agent after the intervention factor was found to be non-significant (Appendix 1). 

 

Table 5. The result of the mixed effect model for the studies included in the meta-analysis. 

Tau^2 (estimated amount of residual heterogeneity) 0.1473 (SE = 0.0825) 

Tau (square root of estimated tau^2 value) 0.3837 

I^2 (residual heterogeneity / unaccounted variability) 95.44% 

H^2 (unaccounted variability/sampling variability) 21.91 

R^2 (amount of heterogeneity accounted for) 33.69% 

 

Tau^2 (estimated amount of total heterogeneity) 0.2221 (SE = 0.1062) 

Tau (square root of estimated tau^2 value) 0.4712 

I^2 (total heterogeneity / total variability) 96.69% 

H^2 (total variability/sampling variability) 30.20 
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The test for residual heterogeneity revealed significance, QE (df = 11): 87.9358, p-value < 

.0001. The test of moderators, evaluating the impact of different decolonization agents, 

showed a borderline significant impact., QM (df = 2): 5,9800, p-value = 0.0503. R² indicates 

that the moderators account for 33.69% of the variability in the effect sizes (Table 5). 

 

Table 6. The model results for the different decolonization agents. 

 Estimate SE zval pval ci.lb ci.ub 

Intercept -0.9342 0.2109 -4.4294 <.0001   -1.3476   -0.5208 

Agent chlorhexidine 

and mupirocin 

0.6078   0.2608    2.3309 0.0198    0.0967    1.1189     

Agent mupirocin 0.7111  0.4569    1.5564  0.1196 0.1844 1.6066   

 

The general effect of the decolonizing agents (intercept) shows a significant reduction in 

MRSA rates, with an estimate of -0.9342 (p < 0.001). The chlorhexidine and mupirocin 

combination shows a moderate effect size (estimate: 0.6078) with a statistically significant 

impact on reducing MRSA rates, whereas Mupirocin also shows an improvement in the 

outcome, but the result is not statistically significant. 

 

3.3.3 Forest plot  

The forest plot presents the relative risk (RR) estimates and their 95% confidence intervals 

(CI) for the included studies examining the effectiveness of decolonization interventions 

(chlorhexidine, chlorhexidine + mupirocin, and mupirocin) on MRSA colonization and 

infection rates (Figure 2) 

 

Each horizontal line represents the 95% confidence interval (CI) for the observed outcome of 

a study. The squares represent the point estimates of the observed outcomes for each study, 

with the size of the square indicating the weight of the study in the meta-analysis. The 

diamond at the bottom represents the overall pooled estimate from the meta-analysis with its 

95% CI (Figure 2). 
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Figure 2. Forest Plot of Relative Risks for MRSA Decolonization Interventions by Study and 

Agent. 

 

The pooled relative risk was obtained from the analysis, 0.59 [0.45, 0.78] which indicates that 

decolonization interventions reduce the risk of MRSA colonization or infection by 41% 

compared to no intervention. The 95% CI (0.45 to 0.78) does not cross 1, indicating that the 

risk reduction is statistically significant.  

The subgroup analysis for CHG alone includes studies by Kim, Jae-Seok et al. (2016) with 

two data points, Climo, Michael W et al. (2013), Armellino, Donna et al. (2014), and 

Musuuza, Jackson S et al. (2017). The pooled RR for CHG alone is 0.40 (95% CI: 0.23 to 

0.69), demonstrating a 60% reduction in MRSA risk. Individual study RRs range from 0.20 

(95% CI: 0.14 to 0.28) to 0.78 (95% CI: 0.54 to 1.15), indicating some variability in the effect 

sizes but consistently showing a beneficial effect of CHG. 

The pooled RR for the combination of CHG and mupirocin is 0.76 (95% CI: 0.62 to 0.93), 

indicating a 24% reduction in MRSA risk. Individual study RRs in this subgroup also vary, 

from 0.63 (95% CI: 0.52 to 0.76) to 1.02 (95% CI: 0.81 to 1.30), but overall indicate a 

significant benefit when both agents are used together. 

The RE Model for Mupirocin Subgroup: 0.80 [0.62, 1.03] indicates a reduction in MRSA 

colonization but is not statistically significant. 
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4. Discussion  

This systematic review and meta-analysis assessed the effectiveness of decolonization 

strategies in reducing Methicillin-resistant Staphylococcus aureus (MRSA) infections in 

intensive care units (ICUs). The analysis incorporated data from 11 studies, with a total of 14 

data points, focusing on interventions using chlorhexidine gluconate (CHG), mupirocin, or a 

combination of both. The results demonstrate that decolonization interventions significantly 

reduce MRSA colonization and infection risk, with a pooled relative risk (RR) of 0.59, 

indicating a 41% reduction, with an odds ratio of 0.5895 (Figure 2). This substantial reduction 

highlights the effectiveness of decolonization protocols in ICUs, where patients are at 

heightened risk of MRSA acquisition and subsequent infections. However, the high degree of 

heterogeneity observed (I² = 96.69%) suggests considerable variability among the included 

studies, which could be attributed to differences in study design, population characteristics, 

and intervention protocols (Table 4).  

 

The subgroup analysis provided more nuanced insights into the effectiveness of different 

decolonization agents. RR of 0.40 (95% CI 0.23 to 0.69, p = 0.001) highlights CHG's 

effectiveness as a stand-alone intervention, reducing MRSA risk by 60%. The combination of 

CHG and mupirocin also showed significant efficacy with a 24% reduction in MRSA risk. 

However, the non-significant effect of mupirocin alone suggests the need for cautious 

interpretation and further research to elucidate its role in decolonization strategies. From this 

systematic review, including more studies focused on mupirocin could potentially 

demonstrate a more significant reduction in MRSA, as the current data may be insufficient to 

capture its full effectiveness. The differing impacts of decolonization agents across studies 

highlight the need for tailored approaches based on specific ICU settings and patient 

characteristics. These results are consistent with previous research, such as a systematic 

review and meta-analysis assessing the effectiveness of CHG bathing to reduce MRSA 

colonization, among adult intensive care patients, where CHG bathing reduced MRSA 

colonization by 41% (33). 

 

Globally, hospitals are implementing decolonization strategies in various ways, but the type 

of agent and the procedure vary according to the availability of resources and institutional 

protocols. This variation is significant, as the effectiveness of each agent and the approach can 

differ, as seen from this review. Most of the included studies used CHG bathing universally 

which proved effective in reducing MRSA rates (18,20,22). The universal application of 
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decolonization agents potentially mitigates the risk of MRSA spread from colonized but 

asymptomatic carriers, a critical consideration in high-risk environments like ICUs 

(18,20,22). From my review, it appears that using decolonization agents universally for all 

patients admitted to the ICU can significantly reduce MRSA infection and transmission, as it 

minimizes the presence of bacteria across the patient population. However, targeted 

decolonization may still be beneficial in settings where universal application is not feasible 

due to resource constraints or patient-specific considerations (23).  

 

Adverse skin reactions following CHG bathing are reported as low, for instance, Climo et al 

(18) reported the overall incidence of skin reactions among patients assigned to CHG bathing 

as 1.9% (78/3973 patients) compared to 3.4% (130/3857 patients) among patients assigned to 

bathing with the control product. However, CHG is contraindicated in the burn intensive care 

unit, where intranasal mupirocin can help decolonize these high-risk patients (26). 

 

In addition to these decolonization interventions basic hygiene techniques, such as regular 

hand washing, proper use of personal protective equipment (PPE), and maintaining a clean 

ICU environment, are also crucial in preventing MRSA transmission (5). These measures 

form the foundation of infection control and can significantly enhance overall efforts to 

reduce MRSA rates when combined with decolonization strategies (24). Educating both 

patients and healthcare staff about the importance of decolonization and basic hygiene 

practices is essential in preventing MRSA transmission (5). Effective education programs can 

enhance compliance and optimize the outcomes of decolonization protocols (34). Moreover, 

Incorporating ASC with decolonization protocols can further enhance infection control efforts 

by ensuring that colonized patients are promptly treated, thus preventing MRSA transmission 

and subsequent infections (17,21,24). In addition, the potential for resistance development to 

decolonization agents, particularly mupirocin, is a significant concern (21). Continuous 

monitoring for resistance and the development of new strategies to mitigate this risk are 

crucial. 

 

Decolonization strategies not only improve patient safety by reducing infection rates but also 

potentially lower healthcare costs by preventing complications and reducing hospital stays 

(35). This aspect highlights the cost-effectiveness of implementing decolonization protocols 

in ICUs as suggested by Gidengil et al (35) in which decolonization was more effective and 

least expensive than any standard precautions. In addition, a quasi-experimental study 



25 

 

revealed that active screening and decolonization can save $22 in medical costs for every $1 

spent on the intervention (19). 

 

The study has certain limitations, the inclusion of different study designs (RCTs, quasi-

experimental studies, cohort studies) introduces variability that may affect the robustness of 

the meta-analysis findings. Moreover, the exclusion of studies due to inaccessible full texts or 

incomplete data may limit the comprehensiveness of the analysis. 

 

Future research should focus on conducting long-term studies to assess the sustained impact 

of decolonization strategies on MRSA infection rates and investigating the potential 

development of resistance to decolonization agents, particularly mupirocin, and exploring 

alternative or adjunctive therapies. By addressing these areas, future studies can provide more 

definitive evidence on the most effective strategies for reducing MRSA colonization and 

infection rates in ICU settings.  

 

5. Conclusion  

 

The studies included in this systematic review and meta-analysis show that decolonization 

strategies, whether universal or targeted, generally reduce MRSA colonization and infection 

rates in ICU settings. These findings support the effectiveness of decolonization interventions 

in reducing MRSA infections in ICUs and advocate for their broader adoption to improve 

patient outcomes and decrease healthcare-associated infections. Future studies should aim to 

refine these protocols and explore additional decolonization agents to strengthen infection 

control efforts further. 
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7. Appendix  

 

Mixed effect model using moderators (type of intervention and agent) 

 

Table 7. Mixed effect model using moderators (type of intervention and agent) 
Parameter Estimate SE z-value p-value 95% CI Lower 95% CI Upper 

Intercept (intercept) -1.0010 0.3098 -3.2307 0.0012 -1.6082 -0.3937 

Universal Decolonization 0.0895 0.2783 0.3217 0.7477 -0.4559 0.6349 

Agent (CHG_mupirocin) 0.6217 0.2861 2.1727 0.0298 0.0609 1.1825 

Agent (mupirocin) 0.7779 0.5320 1.4623 0.1437 -0.2647 1.8205 

 

Model results  

• tau^2 (Residual Heterogeneity): 0.1700 (SE = 0.0990) 

• tau (sqrt of tau^2): 0.4123 

• I^2 (Residual Heterogeneity / Unaccounted Variability): 91.48% 

• H^2 (Unaccounted Variability / Sampling Variability): 11.74 

• R^2 (Amount of Heterogeneity Accounted for): 23.46%. 

Tests 

• Test for Residual Heterogeneity (QE): 

• QE(df = 10) = 82.2665, p < .0001 

• Test of Moderators (QM): 

QM(df = 3) = 5.2983, p = 0.1512 

 

The baseline effect indicates a significant reduction in MRSA rates (estimate = -1.0010, p = 

0.0012). Universal decolonization strategies showed a small, non-significant effect (estimate 

= 0.0895, p = 0.7477), while the combination of chlorhexidine and mupirocin (chl_mup) 

significantly reduced MRSA rates (estimate = 0.6217, p = 0.0298). Mupirocin alone had a 

positive but non-significant effect (estimate = 0.7779, p = 0.1437). The model revealed high 

residual heterogeneity (I^2 = 91.48%) and accounted for 23.46% of the heterogeneity (R^2). 

Since the intervention did not show any significance, the analysis was continued with the 

agent alone. 
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Figure 3. Forest Plot of log of the Relative Risks for MRSA Decolonization 

Interventions by Study (Agent and type of intervention) 

 

 

Each horizontal line represents the 95% confidence interval (CI) for the observed outcome of 

a study. The squares represent the point estimates of the observed outcomes for each study, 

with the size of the square indicating the weight of the study in the meta-analysis (Figure 3).  

The grey diamonds in the forest plot are visual representations of the effect sizes and their 

confidence intervals for each combination of the moderators (interventions and agents). The 

studies crossing the horizontal line (includes 0), lack statistical significance.  

 

 

 

 

 

 


