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Abstract

Background

Methicillin-resistant Staphylococcus aureus (MRSA) colonization increases infection 

risk in both patients and healthy individuals. Decolonization therapy has been 

proven to reduce S. aureus infections, but data on the effectiveness of individual 

decolonization strategies in community-onset MRSA carriage are scarce.

Objectives

The aim of this narrative review was to summarize the evidence on strategies for the 

elimination of MRSA colonization in community-onset MRSA carriers.

Sources

PubMed database was searched for studies on MRSA eradication, from inception to 

July 2023. Content: Topical therapy is proven to be effective in nasal-only carriage 

and in temporary load reduction. Mupirocin nasal ointment in combination with 

chlorhexidine body wash is highly effective in nasal-only MRSA carriers in the 

community as well. In patients with extra-nasal colonization, addition of orally 

administered antibiotics likely increases success rates compared with topical therapy 

alone. Studies on systemic treatment of extra-nasal MRSA decolonization are subject 

to a high heterogeneity of antimicrobial agents, treatment duration, and control 

groups. The majority of evidence supports the use of a combination of topical 

therapy with rifampin and another antimicrobial agent. Decolonization treatment 

with probiotics is a promising novel non-antibiotic strategy. However, achieving long-

term decolonization is more likely in countries with low MRSA prevalence, given the 

risk of recolonization in a context of high MRSA prevalence.

Implications 

The decision to pursue community-onset MRSA eradication treatment in the 

individual patient should be based on the combination of the treatment objective 

(short-term bacterial load reduction in health care settings vs. long-term eradication 

in community settings), and the likelihood of successful decolonization. The latter 

is influenced by both individual risk factors for treatment failure, and the risk of 

recolonization. The addition of a combination of systemic antibiotics is rational 

for extra-nasal long-term decolonization. To determine the most effective systemic 

antimicrobial agents in MRSA decolonization, more research is needed.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is the leading cause of mortality 

attributable to antimicrobial resistance [1]. The pathogen is notorious for its 

nosocomial transmission and hospital outbreaks. On top of that, community-onset 

MRSA (CO-MRSA) has emerged over the past decades and has become endemic in 

large parts of the world [2]. Although often carried asymptomatically in the anterior 

nares, skin lesions, and elsewhere, S. aureus is an important cause of severe infections 

such as bacteraemia. Isolates cultured from blood and the nares are identical in the 

large majority of patients with S. aureus bacteraemia, suggesting an endogenous 

infection route [3]. Colonization with MRSA increases infection risk even more than 

colonization with methicillin-susceptible S. aureus (MSSA), in both patients and 

healthy individuals [4-7]. In a North-American cohort of almost 30 000 patients 

who underwent MRSA screening at hospital admission, MRSA carriers had a 20-fold 

increased odds of developing MRSA bacteraemia compared with non-carriers [8]. In 

healthy athletes and soldiers, CO-MRSA colonization was associated with a notable 

increased risk for developing skin and soft tissue infections [4,9]. Decolonization 

therapy has been proven to reduce S. aureus infections in hospitalized patients, 

most pronounced in surgical patients [10-13]. Although evidence is limited, a 1-year 

survival benefit of S. aureus decolonization before clean surgical procedures is 

reported [14], as well as cost-effectiveness of active surveillance and decolonization 

at hospital admission [15].

However, data on the effectiveness of individual decolonization strategies in CO-

MRSA carriage are scarce. This review discusses the evidence concerning strategies 

for elimination of MRSA colonization, with particular emphasis on CO-MRSA.

Methods

We searched PubMed from inception to 31 July 2023, using a combination of keywords 

to capture MRSA, colonization, and decolonization (search strategy in supplement). 

In addition, we hand-searched key references and international guidelines to identify 

citations not captured in the PubMed search. Screening was performed by one 

reviewer, and in case of uncertainty, a second reviewer was consulted. We screened 

1335 titles and abstracts, and 129 articles were selected for a comprehensive full-text 

review. Studies published in languages other than English were excluded in the full-

text review phase. Finally, 66 studies were included in this review. All studies were 

compiled in EndNote.
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Results

Determining eligibility for eradication treatment

An important but complex question remains, which MRSA carriers should undergo 

eradication treatment. Worldwide differences in policies and attitudes towards 

MRSA carriage in the community exist between non-endemic and endemic areas. In 

countries with high MRSA prevalence, e.g. the United States, eradication treatment 

is not routinely recommended [16]. Some countries with low MRSA prevalence, 

e.g. the Netherlands and Denmark, successfully implemented a nationwide ‘search 

and destroy’ policy in the 1980s, targeting MRSA colonization [17,18]. This policy 

consists of screening and pre-emptive isolation of patients with an increased risk of 

MRSA carriage when hospitalized and subsequent decolonization treatment when 

persistent carriage is found. Two years after eradication treatment, 87% of CO-MRSA 

carriers in a non-endemic setting remained MRSA negative [19].

A major limitation in the generalizability of a ‘search and destroy’ approach to regions 

with high MRSA prevalence in the community is the high risk of recolonization. 

Currently, in countries with endemic MRSA, short-term S. aureus load reduction is 

often pursued to reduce infection risk in intensive care unit and surgical patients, 

either universally or targeted at MRSA carriers (or both MRSA and MSSA carriers) 

after screening [20]. This temporary suppression of MRSA is efficient in presurgical 

circumstances [21], but to prevent CO-MRSA transmission, complete eradication is 

desirable.

At an individual level, risk factors for failure of decolonization therapy can be a 

reason to refrain from pursuing this goal. Known risk factors for failure are indwelling 

catheters or medical devices, skin lesions, colonization of household contacts, 

chronic pulmonary disease, and an immunocompromised status [22,23].

As a result, two main factors should guide the decision for eradication therapy in an 

individual patient. First, the treatment goal, which can be either long-term eradication 

to prevent community transmission and infections, or short-term load reduction to 

prevent nosocomial infections and transmission. Second, the likelihood of long-term 

success of decolonization treatment, influenced by both the presence of individual 

risk factors for failure and the prevalence of MRSA in the environment, driving the 

risk of recolonization (Figure 1).

Lastly, when considering eradication treatment, potential adverse effects should be 

weighed in. This includes well-known effects such as (hepato-)toxicity and risk of 

Clostridioides difficile infection, but also newer insights such as potential disruption 

of the human microbiome [24].
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Figure 1. Factors of influence on the decision for eradiation treatment in an individual MRSA carrier. The 

decision to start eradication therapy in an MRSA carrier should be guided by the treatment goal and the 

likelihood of long-term success of decolonization treatment, influenced by both the presence of individual 

risk factors for failure and the prevalence of MRSA in the environment, driving the risk of recolonization. 

MRSA, methicillin-resistant Staphylococcus aureus.

Strategies for eradication therapy

MRSA eradication therapy usually exists of either topical - i.e. nasal ointment and 

skin wash-therapy alone or a combination of topical and systemic anti-staphylococcal 

agents. Topical therapy is proven to be effective in nasal-only carriage and in 

temporary (presurgical) load reduction [25,26]. In contrast, in patients with other 

body sites positive for MRSA, eradication with mupirocin and chlorhexidine skin 

wash is reported to be insufficient [27-29]. In a randomized controlled trial (RCT) 

of hospitalized patients colonized with MRSA on multiple body sites in a hospital 
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with endemic MRSA, mupirocin was only marginally effective [26]. In particular, 

throat carriage is associated with failure of topical eradication treatment [30]. In a 

small study on Swedish outpatients with MRSA throat carriage, topical therapy led 

to successful eradication in only 13%, as compared with 61% when topical therapy 

was combined with systematic antibiotics [31]. Positive household contacts were 

simultaneously treated. A similar outcome was reported in outpatient MRSA carriers 

in Canada initially; however, after 1 year, success rates with and without systemic 

antibiotics were found to be equal [32]. Canada is a high-endemic area, and because 

no screening of household contacts or genotyping was performed, it remains 

undetermined whether this outcome resulted from recolonization with a different 

strain, or long-term failure of eradication treatment.

Discriminating between nasal-only and extra-nasal MRSA colonization to guide 

optimal eradication therapy seems appropriate considering the abovementioned 

studies and from a pathophysiologic perspective. This distinction is also made in 

the Dutch MRSA eradication guideline, where mupirocin-sensitive, nasal-only MRSA 

carriage with intact skin is considered ‘uncomplicated’ and is recommended to be 

treated with topical agents only. MRSA carriers with extra-nasal colonization or 

other risk factors for (topical) treatment failure, e.g. active skin lesions and foreign 

body material, are considered ‘complicated’ and are treated with additional systemic 

antimicrobial agents [33]. This specific approach led to sustained decolonization in 

85% of carriers after 1 year of follow-up [23].

MRSA carriage of household members was the most frequently encountered risk 

factor for CO-MRSA infections in Denmark between 1999 and 2006 [34], and was 

associated with failure of eradication treatment [22]. This emphasizes the need for 

screening and simultaneous eradication of all positive household members, especially 

in case of treatment failure.

In general, infection prevention and control measures are crucial in preventing 

further spread of MRSA [35], but are not included in this review.

Efficacy of topical decolonization therapy

The most commonly used topical treatment for S. aureus decolonization is mupirocin 

nasal ointment, which achieves its antimicrobial effect by inhibiting bacterial protein 

synthesis. It is often combined with daily antiseptic body wash. Mupirocin nasal 

ointment was proven to be effective in MSSA decolonization in the 1980s and 1990s 

[36-45]. In a systematic review that included studies analysing both MSSA and MRSA 

colonization, mupirocin resulted in negative MRSA cultures in 94% of patients after 

1 week [25]. This percentage decreased to 65% after (mid- to long-term) follow-up.
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All RCTs on topical MRSA eradication treatment are summarized in Table 1 

[26,27,29,46-53].

Very high MRSA decolonization success rates have been reported with mupirocin 

treatment in a prospective study in hospitalized patients (98%), and an RCT involving 

long-term care facility residents (93%) [53,54]. Furthermore, in a retrospective 

analysis of MRSA-colonized patients who were readmitted during the study period, 

mupirocin was associated with being MRSA negative at readmission, compared with 

no treatment [55,56].

Focusing specifically on MRSA eradication in the community, little evidence is 

available on the effectiveness of mupirocin [57]. In an RCT involving 134 healthy 

MRSA-colonized American soldiers, mupirocin led to 88% nasal eradication compared 

with 65% with placebo after 8 weeks of follow-up [51]. Similarly, in 87 German 

hospital workers with nasal MRSA colonization, who were withdrawn from work until 

MRSA free, treatment with mupirocin nasal ointment and antiseptic mouth rinse and 

body wash resulted in successful eradication in 84% at 3 months of follow-up [58]. 

Prolonged mupirocin decolonization treatment (twice monthly for 5 days during 6 

months) after discharge in patients that had been hospitalized in the United States 

with MRSA infections led to a higher decolonization rate compared with placebo (OR 

of colonization ¼ 0.44) [46].

Conflicting results on the effectiveness of mupirocin in CO-MRSA have been reported 

in regions with high MRSA prevalence, which may be indicative of an increased risk 

of recolonization rather than treatment failure. In an RCT comparing topical with 

systemic treatment in patients treated at a dedicated MRSA outpatient clinic, initial 

decolonization was achieved in 13 of 25 patients who received topical treatment, but 

this decreased to three after 12 months [32]. The vast majority of patients in this 

study were colonized at multiple body sites. Seven days of mupirocin nasal ointment 

combined with antiseptic body wash compared with placebo did not improve 

decolonization rate in 49 outpatients living with HIV in a RCT [50]. In addition, 

in a study involving 223 households with ambulatory MRSA skin and soft tissue 

infections, persistent MRSA colonization was similar in households with and without 

topical decolonization after 6 months of follow-up [49].

A concern with the use of mupirocin is the emergence of mupirocin resistance [59]. 

The prevalence of mupirocin resistance varies widely and is reported to be associated 

with its increased use [60]. Remarkably, a post-hoc analysis of the REDUCE-MRSA trial 

showed an overall low prevalence of mupirocin-resistant isolates and no increase 

after mupirocin decolonization treatment [61].
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Table 1. Randomized trials on topical MRSA decolonization treatment

Author, 
year Country N Population Treatments Durationa Follow 

upa
Culture 
site(s)b Decolonized Other outcome

Miller, 2023 
[51] US 2121

Inpatients, 
post-
discharge

1. Education 
2. + mupirocin 
+ chx

2x/month 
5 days for 
6 months

270 N,T,A,
G,W

1. 57%
2. 73% (p <0.01)

Pooveli-
kunnel, 2018 
[57]

Ireland 100

14% 
outpatients 
86% 
inpatients

1. Medical-
grade honey + 
Tricolsan 
2. Mupirocin + 
Tricolsan

5 short-
term N, G, W 1. 43%

2. 57% (p 0.20)

Received 2 
treatment courses:
1. 78%
2. 20%

Landelle, 
2016 [59]

Switzer-
land 146 Inpatients 1. Polyhexanide  

2. Placebo 10 28 N, G 1. 34%
2. 29% (p 0.56)

Cluzet, 2016 
[53] US 149

Households 
with SSTI 

1. Education 
2. + mupirocin 
+ chx
3. + mupirocin + 
chx + reminders

7 180 N,A,G
1. +-80%
2. +-80%
3. +-80%

Time to clearance:
1. 19 days
2+3. 23 days

Weintrob, 
2015 [52] US 49 Outpatients 

with HIV 

1. Mupirocin 
+ chx 
2. Placebo

7 180 N,A,G,
T,P 

1. 67%
2. 67%

Fritz, 2011  
[28] US 300

Patients 
with SSTI + 
MSSA/MRSA 
colonization

1. Education
2. + mupirocin
3. + mupirocin 
+ chx
4. + mupirocin + 
bleach baths

5 120 N,A,G

1. 48%
2. 56% (p 0.40)
3. 54% (p 0.51)
4. 71% (p 0.02)

Nasal 
decolonization: 
1. 50%
2. 77% (p <0.01)
3. 76% (p <0.01)
4. 85% (p <0.01)

Ellis, 2007  
[49] US 134 Healthy 

soldiers
1. Mupirocin
2. Placebo 5 56 N 1. 88%

2. 65%

Wendt, 2007 
[26] Germany 114

In- and 
outpatients, 
nursing home 
residents

1. Mupirocin 
+ chx
2. Mupirocin + 
placebo

5 30 N,T,G,
P

1. 8% (p 0.47)
2. 13%

Groin 
decolonization: 
1. 93% (p <0.01)
2. 82% 

Dryden, 
2004 [58] UK 224 Inpatients

1. Mupirocin 
+ chx
2. Tea tree oil

5 14 N,T,G,
S,W

1. 49%
2. 42% (p 0.03)

Nasal 
decolonization: 
1. 86%
2. 58% (p <0.01)

Mody, 2003 
[45] US 127

Long term 
care facility 
residents 
with MRSA/
MSSA 
colonization 

1. Mupirocin
2. Placebo 14 30 N,W 1. 88% (p <0.01)

2. 13%

Harbarth, 
1999 [25]

Switzer-
land 98 Inpatients

1. Mupirocin 
+ chx
2. Placebo + 
chx

5 26 N,G,U,
W

1. 25% (p 0.40)
2. 18%

Nasal 
decolonization:
1. 44%
2. 23%
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Legend: Chx, chlorhexidine; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-

susceptible Staphylococcus aureus; SSTI, skin and soft tissue infection. a In days. b N = nasal, A = 

axilla, G = groin, T = throat, P = perineum/rectum, W = wounds/skin lesions, S = sputum, U = urine.

Given the risk of the emergence of mupirocin resistance, alternative topical therapies 

have been evaluated. Medical-grade honey was only marginally inferior to mupirocin 

in decolonizing nasal MRSA colonization in a small RCT [47]. Topical therapy with 

tea tree preparations was significantly less effective compared with mupirocin-based 

topical therapy for the clearance of intranasal MRSA colonization [52]. Polyhexanide 

was not effective in MRSA decolonization compared with placebo in an RCT [48], and 

inferior to mupirocin and chlorhexidine in a retrospective analysis [62].

Efficacy of decolonization therapy with addition of systemic antibiotics

Using systemic antibiotics in addition to the topical treatment for MRSA decolonization 

is common practice in case of extra-nasal colonization in some countries, reserved for 

cases of topical treatment failure in others, and seldom or never employed in a third 

category of countries. Most studies on systemic treatment for MRSA decolonization 

have been performed in health care settings, with a high heterogeneity of treatment 

agents and control groups. All RCTs on systemic MRSA eradication treatment are 

summarized in Table 2 [31,32,63-68].

The combination treatment consisting of antiseptic body wash, intranasal mupirocin, 

rifampin, and trimethoprim/sulfamethoxazole or doxycycline was highly effective 

in MRSA decolonization of hospitalized patients [63,69,70]. In a small RCT in long-

term care facilities in the United States, rifampin monotherapy was superior to 

no treatment, as well as to minocycline monotherapy. Combination therapy with 

rifampin and minocycline was not superior to rifampin alone. The majority of 

patients had decubitus and indwelling catheters, and after 3 months only half of 

the treated patients remained MRSA negative [66]. Moreover, the risk of emerging 

resistance when using rifampin monotherapy makes this an inappropriate approach. 

Another randomized trial on oral fusidic acid monotherapy or no treatment showed 

no difference in MRSA decolonization rate in 16 intensive care unit patients. 

However, the study was terminated because of emergence of fusidic acid-resistant 

strains [64]. Two cohort studies on trimethoprim/ sulfamethoxazole plus rifampin 

in hospitalized patients resulted in 64e66% successful MRSA decolonization [71,72]. 

Oral vancomycin, combined with topical therapy, was effective in eradicating MRSA- 

colonized staff and residents of a nursing home during an outbreak, although 80% 

experienced side effects [73].
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Compared with topical therapy with mupirocin only, the combination of oral 

trimethoprim/sulfamethoxazole plus topical fusidic acid (without mupirocin) 

performed marginally worse in MRSA eradication in hospitalized patients and 

personnel after 14 days [65]. Rifampin plus novobiocin resulted in a non-significant 

higher decolonization rate after 14 days compared with rifampin plus trimethoprim-

sulfamethoxazole (respectively 67% vs. 53%) in an RCT on MRSA-colonized patients 

and personnel in the United States. Decolonization in both groups was significantly 

more often achieved in colonization sites other than wounds [67]. However, 

novobiocin has since been withdrawn from the market. Rifampin with ciprofloxacin 

was more effective compared with rifampin with trimethoprim/sulfamethoxazole 

in an RCT on MRSA-colonized patients (50% vs. 37% eradicated after 6 months of 

follow-up). Only 21 patients were enrolled when the study was terminated because 

of emergence of ciprofloxacin resistance in the hospital, unrelated to the study [68].

Few studies have been published specifically on systemic MRSA decolonization in 

the community, mainly from countries with low MRSA prevalence. The previously 

mentioned Swedish study randomly assigned 52 outpatients with MRSA throat 

carriage between chlorhexidine, nasal mupirocin, rifampin, and either clindamycin 

or trimethoprim/sulfamethoxazole (group 1) and chlorhexidine and nasal mupirocin 

only (group 2). At 6 months of follow-up, 61% of systemically treated vs. 13% of 

topical treated patients were successfully decolonized (p < 0.01) [31]. In a cohort 

of Dutch outpatients with extra-nasal MRSA colonization, decolonization treatment 

combination of chlorhexidine body wash, mupirocin ointment intranasally, and a 

combination of two systemic antibiotics (mostly rifampin with trimethoprim or 

doxycycline) was successful in 85% of patients and the vast majority was still negative 

after 1 year of follow-up [23]. Two Danish cohort studies did not show a benefit of 

adding clindamycin to decolonization treatment of MRSA throat carriage [74,75].

In the previously discussed Canadian study, a country with high MRSA prevalence, 

98 outpatients with MRSA colonization at any site were randomized between a 7-day 

course of topical treatment alone or supplemented with oral rifampin and doxycycline 

[32]. The initial success rate was higher in the systemic treatment arm, but this 

difference had disappeared after 12 months of follow-up. As said, no genotyping 

was performed to elucidate whether this was because of long-term treatment failure 

or recolonization with a different strain.
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Table 2. Randomized trials on systemic MRSA decolonization treatment

Author, 
year Country N Population Treatments Duration1 Follow-

up1
Culture 
site(s)*

Decolonized 
at end of 
follow-up

Eum, 2021  
[31] Canada 98

Outpatients 
and 
inpatients 

1. Mupirocin + chx
2. Mupirocin + chx + 
rifampin + doxycycline 

7 365 N,P,W
1. 32%
2. 50% (p 
0.04)

Lindgren, 
2018 [30] Sweden 52 

Outpatients 
with throat 
colonization

1. Mupirocin + chx + 
rifampin + clindamycin/
SXT 
2. Mupirocin + chx

7 180 N,T,P,W
1. 61%
2. 13% (p 
<0.01)

Simor, 
2007 [62] Canada 146 Inpatients

1. Mupirocin + chx + 
rifampin + doxycycline 
2. No treatment

7 90 N,P,W,D
1. 74%
2. 32% (p 
<0.01)

Chang, 
2000 [65] Taiwan 16 ICU patients 1. Fusidic acid 

2. No treatment 7 28 N,T,W,S
1. 33%
2. 50% (p 
0.95)

Parras, 
1995 [69] Spain 84

13% HCW 
and 
87% 
inpatients

1. Mupirocin + chx
2. SXT + topical fusidic 
acid + chx

5 28 N
1. 96%
2. 95% (p 
>0.05)

Muder, 
1994 [64] US 35

Long term 
care facility 
residents

1. Rifampin
2. Minocycline
3. Rifampin + 
minocycline
4. No treatment

5 90 N,U,W

1. 67%
2. 38%
3. 50%
4. 14%

Walsh, 
1993 [70] US 94 HCWs and 

inpatients

1. Novobiocin + 
rifampin
2. SXT + rifampin

7 14 N,G,W,
S

1. 67%
2. 53% (p 
0.18)

Peterson, 
1990 [71] US 21 Inpatients

1. Ciprofloxacin + 
rifampin
2. SXT + rifampin

14 180 N,G,W
1. 27%
2. 40% (p 
>0.1)

Legend. 1 In days. 2 N = nasal, A = axilla, G = groin, T = throat, P = perineum/rectum, W = wounds/skin 

lesions, S = sputum, U = urine, D = medical device or catheter exit site. Chx = chlorhexidine.  SXT = 

trimethoprim/sulfamethoxazole. ICU = intensive care unit. HCW = healthcare worker
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Future perspectives

Concerns about emerging resistance and the impact on the microbiome resulting 

from current treatment strategies drive the search for alternative, non-antibiotic, 

decolonization therapies. A recently published phase-two trial showed promising 

results of oral probiotics for nasal and intestinal S. aureus decolonization, with a 95% 

reduction of S. aureus colonization without notable changes in the microbiota [76]. 

Ongoing research is focused on engineering a skin probiotic to selectively combat 

MRSA colonization [77]. In addition, novel non-antibiotic drugs are being evaluated 

for their potential in S. aureus eradication, including the porphyrin drug XF-73, the 

LL-37- derived peptide P10 and SAAP-148 [78-80], and bacteriophage therapy [77].

Despite multiple attempts, vaccines to prevent S. aureus infections have so far not 

been proven clinically effective [81]. However, the high burden of disease provides 

grounds to continue the search.

Figure 2. Implications of prevalence of MRSA carriage for the approach of the community and individual. 

In a low CO-MRSA prevalent setting, sustained decolonization of CO-MRSA is feasible and can prevent 

further spread in the community. This supports the ‘search and destroy’ policy, in which carriers are 

identified, household contacts screened, and decolonization is attempted. In this setting, this policy is 

effective in maintaining a low MRSA prevalence. In contrast, in high-endemic regions, there is high risk 

of recolonization. Consequently, routine eradication treatment of CO-MRSA aiming at achieving a non-

carrier state for a prolonged period of time is less likely to be successful. In this setting, a standard ‘search 

and destroy’ policy is not likely to reduce the high MRSA prevalence, and an individualized approach is 

more rational. CO-MRSA, community-onset methicillin-resistant Staphylococcus aureus.
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Discussion and conclusion

MRSA decolonization has been proven to reduce infections in both patients and 

healthy individuals. However, determining eligible treatment candidates and applying 

experiences and results from countries with low MRSA prevalence to countries with 

high MRSA prevalence continue to be challenging. In general, eradication studies in 

high prevalence areas are hampered by the indistinguishability of failing eradication 

treatment vs. recolonization. The likelihood of successful long-term decolonization 

is lower in a high endemicity setting compared with a low endemicity setting, 

because of the heightened risk of recolonization (Figure 2). Thus, both treatment goal 

(short-term bacterial load reduction in health care settings vs. long-term eradication 

in community settings), and likelihood of successful prolonged eradication should 

guide the eligibility for CO-MRSA decolonization treatment in the individual patient.

Although highly effective in decolonization of nasal MRSA carriage, the combination 

of mupirocin and antiseptic body wash appears to be insufficient in patients with 

extra-nasal MRSA colonization. The addition of systemic antibiotics is a rational 

approach in this patient category, but studies on systemic treatment of extra-

nasal MRSA decolonization are subject to a high heterogeneity of treatment agents 

and comparator groups. Most evidence support a combination of topical therapy 

with rifampin and another antimicrobial agent for extra-nasal MRSA eradication. 

Future research would gain clinical applicability from reporting the carrier status 

of household contacts, long-term follow-up cultures, and reporting genotyping in 

case of failure. Eradication treatment with probiotics holds promise as a novel non-

antibiotic strategy.

Boekje_indesign_020624_kleur.indd   53Boekje_indesign_020624_kleur.indd   53 15-7-2024   12:58:5915-7-2024   12:58:59



54

Chapter 3

References

1.	 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial 
resistance in 2019: a systematic analysis. Lancet 2022;399:629e55. 

2.	 Baud O, Giron S, Aumeran C, Mouly D, Bardon G, Besson M, et al. First outbreak 
of community-acquired MRSA USA300 in France: failure to suppress prolonged 
MRSA carriage despite decontamination procedures. Eur J Clin Microbiol Infect Dis 
2014;33:1757e62. 

3.	 von Eiff C, Becker K, Machka K, Stammer H, Peters G. Nasal carriage as a source of 
Staphylococcus aureus bacteremia. Study Group. N Engl J Med 2001;344: 11e6.  

4.	 Ellis MW, Hospenthal DR, Dooley DP, Gray PJ, Murray CK. Natural history of community-
acquired methicillin-resistant Staphylococcus aureus colonization and infection in 
soldiers. Clin Infect Dis 2004;39:971e9. 

5.	 Quezada Joaquin NM, Diekema DJ, Perencevich EN, Bailey G, Winokur PL, Schweizer ML. 
Long-term risk for readmission, methicillin-resistant Staphylococcus aureus (MRSA) 
infection, and death among MRSA-colonized veterans. Antimicrob Agents Chemother 
2013;57:1169e72. 

6.	 Safdar N, Bradley EA. The risk of infection after nasal colonization with Staphylococcus 
aureus. Am J Med 2008;121:310e5.

7.	 Davis KA, Stewart JJ, Crouch HK, Florez CE, Hospenthal DR. Methicillin-resistant 
Staphylococcus aureus (MRSA) nares colonization at hospital admission and its effect on 
subsequent MRSA infection. Clin Infect Dis 2004;39:776e82. 

8.	 Marzec NS, Bessesen MT. Risk and outcomes of methicillin-resistant Staphylococcus 
aureus (MRSA) bacteremia among patients admitted with and without MRSA nares 
colonization. Am J Infect Control 2016;44:405e8. 

9.	 Karanika S, Kinamon T, Grigoras C, Mylonakis E. Colonization with methicillin- resistant 
Staphylococcus aureus and risk for infection among asymptomatic athletes: a systematic 
review and metaanalysis. Clin Infect Dis 2016;63: 195e204. 

10.	 Perl TM, Cullen JJ, Wenzel RP, Zimmerman MB, Pfaller MA, Sheppard D, et al. Intranasal 
mupirocin to prevent postoperative Staphylococcus aureus infections. N Engl J Med 
2002;346:1871e7. 

11.	 van Rijen M, Bonten M, Wenzel R, Kluytmans J. Mupirocin ointment for preventing 
Staphylococcus aureus infections in nasal carriers. Cochrane Database Syst Rev 
2008;2008:Cd006216. 

12.	 Bode LG, Kluytmans JA, Wertheim HF, Bogaers D, Vandenbroucke-Grauls CM, Roosendaal 
R, et al. Preventing surgical-site infections in nasal carriers of Staphylococcus aureus. N 
Engl J Med 2010;362:9e17. 

13.	 Huang SS, Singh R, McKinnell JA, Park S, Gombosev A, Eells SJ, et al. Decolonization 
to reduce postdischarge infection risk among MRSA carriers. N Engl J Med  
2019;380:638e50. 

14.	 Bode LG, van Rijen MM, Wertheim HF, Vandenbroucke-Grauls CM, Troelstra A, Voss A, 
et al. Long-term mortality after rapid screening and decolonization of Staphylococcus 
aureus carriers: observational follow-up study of a randomized, placebo-controlled trial. 
Ann Surg 2016;263:511e5. 

15.	 Nelson RE, Samore MH, Smith KJ, Harbarth S, Rubin MA. Cost-effectiveness of adding 
decolonization to a surveillance strategy of screening and isolation for methicillin-
resistant Staphylococcus aureus carriers. Clin Microbiol Infect 2010;16:1740e6. 

Boekje_indesign_020624_kleur.indd   54Boekje_indesign_020624_kleur.indd   54 15-7-2024   12:58:5915-7-2024   12:58:59



55

Eradication of community-onset MRSA carriage

3

16.	 Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ, et al. Clinical practice 
guidelines by the Infectious Diseases Society of America for the treatment of methicillin-
resistant Staphylococcus aureus infections in adults and children: executive summary. 
Clin Infect Dis 2011;52:285e92. 

17.	 Vos MC, Behrendt MD, Melles DC, Mollema FP, de Groot W, Parlevliet G, et al. 5 years 
of experience implementing a methicillin-resistant Staphylococcus aureus search and 
destroy policy at the largest university medical center in The Netherlands. Infect Control 
Hosp Epidemiol 2009;30:977e84. 

18.	 Boecher S, Skov RL, Knudsen MA, Guardabassi L, Mølbak K, Schouenborg P, et al. The 
search and destroy strategy prevents spread and long-term carriage of methicillin-
resistant Staphylococcus aureus: results from the follow-up screening of a large ST22 
(E-MRSA 15) outbreak in Denmark. Clin Microbiol Infect  2010;16:1427e34.  

19.	 Longtin Y, Sudre P, François P, Schrenzel J, Aramburu C, Pastore R, et al. Community-
associated methicillin-resistant Staphylococcus aureus: risk factors for infection, and 
long-term follow-up. Clin Microbiol Infect 2009;15: 552e9.   

20.	 Huang SS, Septimus E, Kleinman K, Moody J, Hickok J, Avery TR, et al. Targeted versus 
universal decolonization to prevent ICU infection. N Engl J Med 2013;368:2255e65. 

21.	 Coia JE, Wilson JA, Bak A, Marsden GL, Shimonovich M, Loveday HP, et al. Joint healthcare 
infection society (HIS) and infection prevention society (IPS) guidelines for the prevention 
and control of meticillin-resistant Staphylococcus aureus (MRSA) in healthcare facilities. J 
Hosp Infect 2021;118:S1e39. 

22.	 Ammerlaan HS, Kluytmans JA, Berkhout H, Buiting A, de Brauwer EI, van den Broek PJ, et 
al. Eradication of carriage with methicillin-resistant Staphylococcus aureus: determinants 
of treatment failure. J Antimicrob Chemother 2011;66:2418e24.  

23.	 Westgeest AC, Schippers EF, Delfos NM, Ellerbroek LJ, Koster T, Hira V, et al. Complicated 
carriage with methicillin-resistant Staphylococcus aureus: evaluation of the effectiveness 
of decolonization regimens advised in the Dutch National Guideline. Antimicrob Agents 
Chemother 2021;65:e0025721. 

24.	 Fritz SA, Wylie TN, Gula H, Hogan PG, Boyle MG, Muenks CE, et al. Longitudinal dynamics 
of skin bacterial communities in the context of Staphylococcus aureus decolonization. 
Microbiol Spectr 2022;10:e0267221. 

25.	 Ammerlaan HS, Kluytmans JA, Wertheim HF, Nouwen JL, Bonten MJ. Eradication of 
methicillin-resistant Staphylococcus aureus carriage: a systematic review. Clin Infect Dis 
2009;48:922e30. 

26.	 Harbarth S, Dharan S, Liassine N, Herrault P, Auckenthaler R, Pittet D. Randomized, 
placebo-controlled, double-blind trial to evaluate the efficacy of mupirocin for eradicating 
carriage of methicillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother 
1999;43:1412e6. 

27.	 Wendt C, Schinke S, Württemberger M, Oberdorfer K, Bock-Hensley O, von Baum H. Value 
of whole-body washing with chlorhexidine for the eradication of methicillin-resistant 
Staphylococcus aureus: a randomized, placebo- controlled, double-blind clinical trial. 
Infect Control Hosp Epidemiol 2007;28: 1036e43. 

28.	 Wertheim HF, Verveer J, Boelens HA, van Belkum A, Verbrugh HA, Vos MC. Effect of 
mupirocin treatment on nasal, pharyngeal, and perineal carriage of Staphylococcus 
aureus in healthy adults. Antimicrob Agents Chemother 2005;49:1465e7.   

29.	 Fritz SA, Camins BC, Eisenstein KA, Fritz JM, Epplin EK, Burnham CA, et al. Effectiveness 
of measures to eradicate Staphylococcus aureus carriage in patients with community-
associated skin and soft-tissue infections: a randomized trial. Infect Control Hosp 

Boekje_indesign_020624_kleur.indd   55Boekje_indesign_020624_kleur.indd   55 15-7-2024   12:58:5915-7-2024   12:58:59



56

Chapter 3

Epidemiol 2011;32:872e80.

30.	 Gilpin DF, Small S, Bakshi S, Kearney MP, Cardwell C, Tunney MM. Effcacy of a standard 
methicillin-resistant Staphylococcus aureus decolonisation protocol in routine clinical 
practice. J Hosp Infect 2010;75:93e8. 

31.	 Lindgren AK, Nilsson AC, Åkesson P, Gustafsson E, Melander E. Eradication of methicillin-
resistant Staphylococcus aureus (MRSA) throat carriage: a randomised trial comparing 
topical treatment with rifampicin-based systemic therapy. Int J Antimicrob Agents 
2018;51:642e5.

32.	 Eum LY, Materniak S, Duffey P, El-Bailey S, Golding GR, Webster D. Randomized controlled 
trial of chlorhexidine gluconate, intranasal mupirocin, rifampin, and doxycycline versus 
chlorhexidine gluconate and intranasal mupirocin alone for the eradication of methicillin-
resistant Staphylococcus aureus (MRSA) colonization. J Assoc Med Microbiol Infect Dis 
Can 2021;6: 296e306. 

33.	 Wertheim HF, Ammerlaan HS, Bonten MJ, van den Broek PJ, Troelstra A, Vandenbroucke-
Grauls CM, et al. [Optimisation of the antibiotic policy in The Netherlands. XII. The SWAB 
guideline for antimicrobial eradication of MRSA in carriers]. Ned Tijdschr Geneeskd 
2008;152:2667e71.

34.	 Larsen AR, Stegger M, Bo€cher S, Sørum M, Monnet DL, Skov RL. Emergence and  
characterization  of  community-associated  methicillin-resistant Staphyloccocus aureus 
infections in Denmark, 1999 to 2006. J Clin Microbiol 2009;47:73e8. 

35.	 Humphreys H, Grundmann H, Skov R, Lucet JC, Cauda R. Prevention and control of 
methicillin-resistant Staphylococcus aureus. Clin Microbiol Infect 2009;15:120e4.  

36.	 Bulanda M, Gruszka M, Heczko B. Effect of mupirocin on nasal carriage of Staphylococcus 
aureus. J Hosp Infect 1989;14:117e24. 

37.	 Casewell MW, Hill RL. Elimination of nasal carriage of Staphylococcus aureus 
with mupirocin (‘pseudomonic acid’)da controlled trial. J Antimicrob Chemother 
1986;17:365e72. 

38.	 Doebbeling BN, Breneman DL, Neu HC, Aly R, Yangco BG, Holley HP, et al. Elimination of 
Staphylococcus aureus nasal carriage in health care workers: analysis of six clinical trials 
with calcium mupirocin ointment. The Mupirocin Collaborative Study Group. Clin Infect 
Dis 1993;17:466e74.

39.	 Soto NE, Vaghjimal A, Stahl-Avicolli A, Protic JR, Lutwick LI, Chapnick EK. Bacitracin 
versus mupirocin for Staphylococcus aureus nasal colonization. Infect Control Hosp 
Epidemiol 1999;20:351e3. 

40.	 Fernandez C, Gaspar C, Torrellas A, Vindel A, Saez-Nieto JA, Cruzet F, et al. A double-
blind, randomized, placebo-controlled clinical trial to evaluate the safety and efficacy 
of mupirocin calcium ointment for eliminating nasal carriage of Staphylococcus aureus 
among hospital personnel. J Antimicrob Chemother 1995;35:399e408. 

41.	 Leigh DA, Joy G. Treatment of familial staphylococcal infectiondcomparison of mupirocin 
nasal ointment and chlorhexidine/neomycin (Naseptin) cream in eradication of nasal 
carriage. J Antimicrob Chemother 1993;31:909e17. 

42.	 Martin JN, Perdreau-Remington F, Kartalija M, Pasi OG, Webb M, Gerberding JL, et al. A 
randomized clinical trial of mupirocin in the eradication of Staphylococcus aureus nasal 
carriage in human immunodeficiency virus disease. J Infect Dis 1999;180:896e9.

43.	 Doebbeling BN, Reagan DR, Pfaller MA, Houston AK, Hollis RJ, Wenzel RP. Long-term 
efficacy of intranasal mupirocin ointment. A prospective cohort study of Staphylococcus 
aureus carriage. Arch Intern Med 1994;154:1505e8. 

Boekje_indesign_020624_kleur.indd   56Boekje_indesign_020624_kleur.indd   56 15-7-2024   12:58:5915-7-2024   12:58:59



57

Eradication of community-onset MRSA carriage

3

44.	 Scully BE, Briones F, Gu JW, Neu HC. Mupirocin treatment of nasal staphylococcal 
colonization. Arch Intern Med 1992;152:353e6.

45.	 Reagan DR, Doebbeling BN, Pfaller MA, Sheetz CT, Houston AK, Hollis RJ, et al. 
Elimination of coincident Staphylococcus aureus nasal and hand carriage with intranasal 
application of mupirocin calcium ointment. Ann Intern Med 1991;114:101e6.  

46.	 [Miller LG, Singh R, Eells SJ, Gillen D, McKinnell JA, Park S, et al. Chlorhexidine and 
mupirocin for clearance of methicillin-resistant Staphylococcus aureus colonization after 
hospital discharge: a secondary analysis of the changing lives by eradicating antibiotic 
resistance trial. Clin Infect Dis 2023;76: e1208e16. 

47.	 Poovelikunnel TT, Gethin G, Solanki D, McFadden E, Codd M, Humphreys H. Randomized 
controlled trial of honey versus mupirocin to decolonize patients with nasal colonization 
of meticillin-resistant Staphylococcus aureus. J Hosp Infect 2018;98:141e8. 

48.	 Landelle C, von Dach E, Haustein T, Agostinho A, Renzi G, Renzoni A, et al. Randomized, 
placebo-controlled, double-blind clinical trial to evaluate the efficacy of polyhexanide for 
topical decolonization of MRSA carriers. J Antimicrob Chemother 2016;71:531e8. 

49.	 Cluzet VC, Gerber JS, Metlay JP, Nachamkin I, Zaoutis TE, Davis MF, et al. The effect of 
total household decolonization on clearance of colonization with methicillin-resistant 
Staphylococcus aureus. Infect Control Hosp Epidemiol 2016;37:1226e33.  

50.	 Weintrob A, Bebu I, Agan B, Diem A, Johnson E, Lalani T, et al. Randomized, double-
blind, placebo-controlled study on decolonization procedures for methicillin-resistant 
Staphylococcus aureus (MRSA) among HIV-infected adults. PLOS ONE 2015;10:e0128071. 

51.	 Ellis MW, Griffith ME, Dooley DP, McLean JC, Jorgensen JH, Patterson JE, et al. Targeted 
intranasal mupirocin to prevent colonization and infection by community-associated 
methicillin-resistant Staphylococcus aureus strains in soldiers: a cluster randomized 
controlled trial. Antimicrob Agents Chemother 2007;51:3591e8. 

52.	 Dryden MS, Dailly S, Crouch M. A randomized, controlled trial of tea tree topical 
preparations versus a standard topical regimen for the clearance of MRSA colonization. J 
Hosp Infect 2004;56:283e6. 

53.	 Mody L, Kauffman CA, McNeil SA, Galecki AT, Bradley SF. Mupirocin-based decolonization 
of Staphylococcus aureus carriers in residents of 2 long-term care facilities: a 
randomized, double-blind, placebo-controlled trial. Clin Infect Dis 2003;37:1467e74. 

54.	 Dupeyron C, Campillo B, Bordes M, Faubert E, Richardet JP, Mangeney N. A clinical trial of 
mupirocin in the eradication of methicillin-resistant Staphylococcus aureus nasal carriage 
in a digestive disease unit. J Hosp Infect 2002;52:281e7. 

55.	 Robicsek A, Beaumont JL, Thomson RB, Govindarajan G, Peterson LR. Topical therapy for 
methicillin-resistant Staphylococcus aureus colonization: impact on infection risk. Infect 
Control Hosp Epidemiol 2009;30:623e32.

56.	 Nelson RE, Jones M, Rubin MA. Decolonization with mupirocin and subsequent risk of 
methicillin-resistant Staphylococcus aureus carriage in Veterans Affairs hospitals. Infect 
Dis Ther 2012;1:1. 

57.	 Bradley SF. MRSA colonisation (eradicating colonisation in people without active invasive 
infection). BMJ Clin Evid 2015;2015. 0923.

58.	 Kniehl E, Becker A, Forster DH. Bed, bath and beyond: pitfalls in prompt eradication of 
methicillin-resistant Staphylococcus aureus carrier status in healthcare workers. J Hosp 
Infect 2005;59:180e7. 

59.	 Poovelikunnel T, Gethin G, Humphreys H. Mupirocin resistance: clinical implications 
and potential alternatives for the eradication of MRSA. J Antimicrob Chemother 
2015;70:2681e92. 

Boekje_indesign_020624_kleur.indd   57Boekje_indesign_020624_kleur.indd   57 15-7-2024   12:58:5915-7-2024   12:58:59



58

Chapter 3

60.	 Hetem DJ, Bonten MJ. Clinical relevance of mupirocin resistance in Staphylococcus 
aureus. J Hosp Infect 2013;85:249e56. 

61.	 Hayden MK, Lolans K, Haffenreffer K, Avery TR, Kleinman K, Li H, et al. Chlorhexidine and 
mupirocin susceptibility of methicillin-resistant Staphylococcus aureus isolates in the 
REDUCE-MRSA trial. J Clin Microbiol 2016;54: 2735e42. 

62.	 Hamson C, Bignardi GE. MRSA decolonization with Prontoderm compared with 
chlorhexidine and mupirocin. J Hosp Infect 2010;75:142e3.

63.	 Simor AE, Phillips E, McGeer A, Konvalinka A, Loeb M, Devlin HR, et al. Randomized 
controlled trial of chlorhexidine gluconate for washing, intranasal mupirocin, and 
rifampin and doxycycline versus no treatment for the eradication of methicillin-resistant 
Staphylococcus aureus colonization. Clin Infect Dis 2007;44:178e85. 

64.	 Chang SC, Hsieh SM, Chen ML, Sheng WH, Chen YC. Oral fusidic acid fails to eradicate 
methicillin-resistant Staphylococcus aureus colonization and results in emergence of 
fusidic acid-resistant strains. Diagn Microbiol Infect Dis 2000;36:131e6.  

65.	 Parras F, Guerrero MC, Bouza E, Bl azquez MJ, Moreno S, Menarguez MC, et al. 
Comparative study of mupirocin and oral co-trimoxazole plus topical fusidic acid in 
eradication of nasal carriage of methicillin-resistant Staphylococcus aureus. Antimicrob 
Agents Chemother 1995;39:175e9. 

66.	 Muder RR, Boldin M, Brennen C, Hsieh M, Vickers RM, Mitchum K, et al. A controlled trial 
of rifampicin, minocycline, and rifampicin plus minocycline for eradication of methicillin-
resistant Staphylococcus aureus in long-term care patients. J Antimicrob Chemother 
1994;34:189e90. 

67.	 Walsh TJ, Standiford HC, Reboli AC, John JF, Mulligan ME, Ribner BS, et al. 
Randomized double-blinded trial of rifampin with either novobiocin or trimethoprim-
sulfamethoxazole against methicillin-resistant Staphylococcus aureus colonization: 
prevention of antimicrobial resistance and effect of host factors on outcome. Antimicrob 
Agents Chemother 1993;37:1334e42. 

68.	 Peterson LR, Quick JN, Jensen B, Homann S, Johnson S, Tenquist J, et al. Emergence 
of ciprofloxacin resistance in nosocomial methicillin-resistant Staphylococcus aureus 
isolates. Resistance during ciprofloxacin plus rifampin therapy for methicillin-resistant S 
aureus colonization. Arch Intern Med 1990;150:2151e5.

69.	 Fung SK, Louie M, Simor AE. Combined topical and oral antimicrobial therapy for the 
eradication of methicillin-resistant Staphylococcus aureus (MRSA) colonization in 
hospitalized patients. Can J Infect Dis 2002;13:287e92. 

70.	 Roccaforte JS, Bittner MJ, Stumpf CA, Preheim LC. Attempts to eradicate methicillin-
resistant Staphylococcus aureus colonization with the use of trimethoprim-
sulfamethoxazole, rifampin, and bacitracin. Am J Infect Control 1988;16:141e6.  

71.	 Asensio A, Guerrero A, Quereda C, Liza n M, Martinez-Ferrer M. Colonization and 
infection with methicillin-resistant Staphylococcus aureus: associated factors and 
eradication. Infect Control Hosp Epidemiol 1996;17:20e8. 

72.	 Ellison III RT, Fn Judson, Peterson LC, Cohn DL, Ehret JM. Oral rifampin and 
trimethoprim/sulfamethoxazole therapy in asymptomatic carriers of methicillin-resistant 
Staphylococcus aureus infections. West J Med 1984;140: 735e40.

73.	 Maraha B, van Halteren J, Verzijl JM, Wintermans RG, Buiting AG. Decolonization of 
methicillin-resistant Staphylococcus aureus using oral vancomycin and topical mupirocin. 
Clin Microbiol Infect 2002;8:671e5. 
 

Boekje_indesign_020624_kleur.indd   58Boekje_indesign_020624_kleur.indd   58 15-7-2024   12:58:5915-7-2024   12:58:59



59

Eradication of community-onset MRSA carriage

3

74.	 Petersen IS, Christensen JM, Zeuthen AB, Madsen PB. Danish experience of meticillin-
resistant Staphylococcus aureus eradication with emphasis on nose- throat colonization 
and supplementary systemic antibiotic treatment. J Hosp Infect 2019;103:461e4.

75.	 Bagge K, Benfield T, Westh H, Bartels MD. Eradicating MRSA carriage: the impact of throat 
carriage and Panton-Valentine leukocidin genes on success rates. Eur J Clin Microbiol 
Infect Dis 2019;38:683e8. 

76.	 Piewngam P, Khongthong S, Roekngam N, Theapparat Y, Sunpaweravong S, Faroongsarng 
D, et al. Probiotic for pathogen-specific Staphylococcus aureus decolonisation in 
Thailand: a phase 2, double-blind, randomised, placebo- controlled trial. Lancet Microbe 
2023;4:e75e83.

77.	 Kaspar U, de Haro Sautto JA, Molinaro S, Peters G, Idelevich EA, Becker K. The novel 
phage-derived antimicrobial agent HY-133 is active against livestock- associated 
methicillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother 
2018;62:e00385-18. 

78.	 Yendewa GA, Griffiss JM, Jacobs MR, Fulton SA, O’Riordan MA, Gray WA, et al. A two-
part phase 1 study to establish and compare the safety and local tolerability of two 
nasal formulations of XF-73 for decolonisation of Staphylococcus aureus: a previously 
investigated 0.5mg/g viscosified gel formulation versus a modified formulation. J Glob 
Antimicrob Resist 2020;21:171e80. 

79.	 Nibbering PH, Go€blyo€s A, Adriaans AE, Cordfunke RA, Ravensbergen B, Rietveld MH, 
et al. Eradication of meticillin-resistant Staphylococcus aureus from human skin by the 
novel LL-37-derived peptide P10 in four pharmaceutical ointments. Int J Antimicrob 
Agents 2019;54:610e8. 

80.	 de Breij A, Riool M, Cordfunke RA, Malanovic N, de Boer L, Koning RI, et al. The 
antimicrobial peptide SAAP-148 combats drug-resistant bacteria and biofilms. Sci Transl 
Med 2018;10:eaat5731. 

81.	 Clegg J, Soldaini E, McLoughlin RM, Rittenhouse S, Bagnoli F, Phogat S. Staphylococcus 
aureus vaccine research and development: the past, present and future, including novel 
therapeutic strategies. Front Immunol 2021;12: 705360.  

Boekje_indesign_020624_kleur.indd   59Boekje_indesign_020624_kleur.indd   59 15-7-2024   12:58:5915-7-2024   12:58:59



60

Chapter 3

Supplement 1. Seach strategy

(((“Methicillin-Resistant Staphylococcus aureus colon*”[tw] OR “Methicillin-Resistant s aureus 

colon*”[tw] OR “MRSA colon*”[tw] OR “Methicillin-Resistant Staphylococcus aureus carr*”[tw] 

OR “Methicillin-Resistant s aureus carr*”[tw] OR “MRSA carr*”[tw] OR ((“Methicillin-Resistant 

Staphylococcus aureus”[Mesh] OR “MRSA”[tw] OR “MRSA*”[tw] OR “methicillin resistant 

staphylococcus aureus”[tw] OR “methicillinresistant staphylococcus aureus”[tw] OR “methicillin 

resistant s aureus”[tw] OR “methicillinresistant s aureus”[tw] OR (“methicillin resistan*”[tw] 

AND “aureus”[tw]) OR “MSSA”[tw] OR “MSSA*”[tw] OR “methicillin sensitive staphylococcus 

aureus”[tw] OR “methicillin sensitive s aureus”[tw] OR (“methicillin sensitiv*”[tw] AND 

“aureus”[tw])) AND (“Carrier State”[Mesh] OR “colonization”[tw] OR “colonisation”[tw] OR 

“coloniz*”[tw] OR “colonis*”[tw] OR “carrier”[tw] OR “carriers”[tw] OR “carriage”[tw] OR 

“carriership*”[tw] OR “Nasal Cavity/microbiology”[Mesh]))) AND (“eradication*”[tw] OR 

“eradicat*”[tw] OR “treatment*”[tw] OR “decolonization*”[tw] OR “decolonisation*”[tw] 

OR “decoloniz*”[tw] OR “decolonis*”[tw] OR “elimination”[tw] OR “eliminat*”[tw]) NOT 

(“Animals”[mesh] NOT “Humans”[mesh]) AND (english[la] OR dutch[la]) AND (systematic[sb] 

OR “meta-analysis”[pt] OR “meta analysis”[tw] OR “clinical trial”[pt] OR “clinical trial”[tiab] OR 

“clinical trials as topic”[mesh] OR “clinical trials”[tiab] OR “control groups”[mesh] OR “control 

group”[tiab] OR “control groups”[tiab] OR “controlled clinical trial”[pt] OR “controlled clinical 

trials as topic”[mesh] OR “cross-over studies”[mesh] OR “cross over study”[tiab] OR “cross 

over studies”[tiab] OR “double-blind method”[mesh] OR “double blind”[tiab] OR “evaluation 

studies as topic”[mesh] OR “follow-up studies”[mesh] OR “follow up study”[tiab] OR “follow 

up studies”[tiab] OR “placebos”[mesh] OR placebo*[tiab] OR placebos*[tiab] OR “pragmatic 

clinical trial”[pt] OR “prospective studies”[mesh] OR “prospective study”[tiab] OR “prospective 

studies”[tiab] OR “RaCT”[tiab] OR “RaCTs”[tiab] OR “random allocation”[mesh] OR “randomised 

“[tiab] OR “randomized controlled trial”[pt] OR “randomized controlled trials as topic”[mesh] 

OR “randomized”[tiab] OR random*[tiab] OR “RCT”[tiab] OR “RCTs”[tiab] OR “Research 

Design”[MeSH:noexp] OR “Research design”[tiab] OR “Research designs”[tiab] OR “single 

blind”[tiab] OR “single-blind method”[mesh] OR ((single*[tiab] OR double*[tiab] OR triple*[tiab]) 

AND (blind*[tiab] OR mask*[tiab])) OR volunteer*[tiab] OR “trial”[ti] OR “trials”[ti] OR “Multicenter 

Study”[Publication Type] OR “Cohort Studies”[Mesh] OR “Observational Study”[Publication 

Type])) OR ((“Methicillin-Resistant Staphylococcus aureus colon*”[ti] OR “Methicillin-Resistant 

s aureus colon*”[ti] OR “MRSA colon*”[ti] OR “Methicillin-Resistant Staphylococcus aureus 

carr*”[ti] OR “Methicillin-Resistant s aureus carr*”[ti] OR “MRSA carr*”[ti] OR ((“Methicillin-

Resistant Staphylococcus aureus”[majr] OR “MRSA”[ti] OR “MRSA*”[ti] OR “methicillin resistant 

staphylococcus aureus”[ti] OR “methicillinresistant staphylococcus aureus”[ti] OR “methicillin 

resistant s aureus”[ti] OR “methicillinresistant s aureus”[ti] OR (“methicillin resistan*”[ti] AND 

“aureus”[ti]) OR “MSSA”[ti] OR “MSSA*”[ti] OR “methicillin sensitive staphylococcus aureus”[ti] 

OR “methicillin sensitive s aureus”[ti] OR (“methicillin sensitiv*”[ti] AND “aureus”[ti])) 
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AND (“Carrier State”[majr] OR “colonization”[ti] OR “colonisation”[ti] OR “coloniz*”[ti] OR 

“colonis*”[ti] OR “carrier”[ti] OR “carriers”[ti] OR “carriage”[ti] OR “carriership*”[ti] OR “Nasal 

Cavity/microbiology”[majr]))) AND (“eradication*”[ti] OR “eradicat*”[ti] OR “treatment*”[ti] 

OR “decolonization*”[ti] OR “decolonisation*”[ti] OR “decoloniz*”[ti] OR “decolonis*”[ti] 

OR “elimination”[ti] OR “eliminat*”[ti]) NOT (“Animals”[mesh] NOT “Humans”[mesh]) AND 

(english[la] OR dutch[la])) OR ((“Staphylococcus aureus colon*”[ti] OR “s aureus colon*”[ti] OR 

“Staphylococcus aureus carr*”[ti] OR “s aureus carr*”[ti] OR ((“Staphylococcus aureus”[majr] OR 

“staphylococcus aureus”[ti] OR “s aureus”[ti]) AND (“Carrier State”[Mesh] OR “colonization”[tw] 

OR “colonisation”[tw] OR “coloniz*”[tw] OR “colonis*”[tw] OR “carrier”[tw] OR “carriers”[tw] 

OR “carriage”[tw] OR “carriership*”[tw] OR “Nasal Cavity/microbiology”[Mesh]))) AND 

(“eradication*”[tw] OR “eradicat*”[tw] OR “treatment*”[tw] OR “decolonization*”[tw] OR 

“decolonisation*”[tw] OR “decoloniz*”[tw] OR “decolonis*”[tw] OR “elimination”[tw] OR 

“eliminat*”[tw]) NOT (“Animals”[mesh] NOT “Humans”[mesh]) AND (english[la] OR dutch[la]) 

AND (systematic[sb] OR “meta-analysis”[pt] OR “meta analysis”[tw] OR “clinical trial”[pt] OR 

“clinical trial”[tiab] OR “clinical trials as topic”[mesh] OR “clinical trials”[tiab] OR “control 

groups”[mesh] OR “control group”[tiab] OR “control groups”[tiab] OR “controlled clinical 

trial”[pt] OR “controlled clinical trials as topic”[mesh] OR “cross-over studies”[mesh] OR 

“cross over study”[tiab] OR “cross over studies”[tiab] OR “double-blind method”[mesh] OR 

“double blind”[tiab] OR “evaluation studies as topic”[mesh] OR “follow-up studies”[mesh] OR 

“follow up study”[tiab] OR “follow up studies”[tiab] OR “placebos”[mesh] OR placebo*[tiab] OR 

placebos*[tiab] OR “pragmatic clinical trial”[pt] OR “prospective studies”[mesh] OR “prospective 

study”[tiab] OR “prospective studies”[tiab] OR “RaCT”[tiab] OR “RaCTs”[tiab] OR “random 

allocation”[mesh] OR “randomised “[tiab] OR “randomized controlled trial”[pt] OR “randomized 

controlled trials as topic”[mesh] OR “randomized”[tiab] OR random*[tiab] OR “RCT”[tiab] OR 

“RCTs”[tiab] OR “Research Design”[MeSH:noexp] OR “Research design”[tiab] OR “Research 

designs”[tiab] OR “single blind”[tiab] OR “single-blind method”[mesh] OR ((single*[tiab] 

OR double*[tiab] OR triple*[tiab]) AND (blind*[tiab] OR mask*[tiab])) OR volunteer*[tiab] OR 

“trial”[ti] OR “trials”[ti] OR “Multicenter Study”[Publication Type] OR “Cohort Studies”[Mesh] OR 

“Observational Study”[Publication Type])))
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