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These evidence-based guidelines are an updated version of those issued in 2008. They have been produced fol-
lowing a review of the published literature (2007–18) pertaining to the treatment of infections caused by MRSA.
The guidelines update, where appropriate, previous recommendations, taking into account changes in the UK
epidemiology of MRSA, ongoing national surveillance data and the efficacy of novel anti-staphylococcal agents
licensed for use in the UK. Emerging therapies that have not been licensed for use in the UK at the time of the re-
view have also been assessed.
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Executive summary

Current UK guidelines for the treatment of MRSA are based on clin-
ical evidence published more than 10 years ago.1 Much has
changed since then, in particular, the incidence of MRSA in UK hos-
pitals has fallen markedly since 2008.2 In addition, new anti-
staphylococcal antibiotics have become available and experience
of the use of these agents has increased. An update to the national
MRSA treatment guideline in light of these changes is therefore
required.

Updating the national guidelines relating to MRSA was a joint
initiative of BSAC, British Infection Association (BIA), Healthcare
Infection Society (HIS) and Infection Prevention Society (IPS). BSAC
and BIA alone were involved in the production of this guideline. A
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separate guideline updating recommendations for infection pre-
vention and control of MRSA will be developed by HIS and IPS.

The primary aim of this guideline was to update, where appro-
priate, previous recommendations, taking into account changes
in the UK epidemiology of MRSA, ongoing national surveillance
data and the efficacy of novel anti-staphylococcal agents licensed
for use in the UK. Emerging therapies that had not been licensed
for use in the UK at the time of the review were also included.

The most striking finding from the review process was the
dearth of published evidence in this area. A total of 92 eligible
articles were identified. After screening and review for eligibility, 30
studies were subsequently included in the guideline review. Many
of these were non-inferiority studies performed for licensing pur-
poses. Even though studies with a high risk of bias were excluded,
others included too few patients with MRSA to be able to draw firm
conclusions.

Summary of recommendations

Impetigo

(i) To prevent the development of antimicrobial resistance,
consider an alternative to topical fusidic acid or mupirocin, for
example a topical antiseptic such as hydrogen peroxide 1%
cream, to treat impetigo caused by MRSA where there is local-
ized, non-bullous disease and the patient is clinically well.
Consider topical fusidic acid or mupirocin as a second-line
option in this clinical setting and only when the MRSA isolate
is known to be susceptible (weak recommendation).

(ii) Treat complicated impetigo using systemic antimicrobial
therapy with the choice of agent determined by susceptibility
testing (strong recommendation).

Abscesses

(i) Use incision and drainage to treat abscesses caused by MRSA
(strong recommendation).

(ii) Do not use antibiotics routinely in patients with abscesses
caused by MRSA that are drained, are less than 5 cm in diam-
eter, and where there is no systemic response (fever and/or
cellulitis) and/or immunodeficiency, including neutropenia
and defects of cell-mediated immunity (strong
recommendation).

(iii) Use antibiotics in combination with incision and drainage in
patients with abscesses caused by MRSA PFGE strain type
USA300, or where this is likely to be the most prevalent strain
(strong recommendation).

(iv) Use oral clindamycin or co-trimoxazole when oral treatment
is warranted, and the MRSA isolate is known to be susceptible
(strong recommendation).

Other skin and skin structure infections

(i) For severe cellulitis/soft tissue infection caused by MRSA
use intravenous glycopeptides (vancomycin or teicoplanin)
(strong recommendation).

(ii) Use linezolid (oral or intravenous) or daptomycin (intraven-
ous) as an alternative (strong recommendation).

(iii) Consider tigecycline as an alternative when first- and
second-line agents are contraindicated, and the isolate is
susceptible (weak recommendation).

(iv) Consider clindamycin, co-trimoxazole, or doxycycline as oral
agents (when the isolate is susceptible) for treatment of
patients with mild skin and soft tissue infection caused by
MRSA, or for oral stepdown therapy (weak recommendation).

(v) Consider recently licensed agents such as ceftaroline, dela-
floxacin, oritavancin, or telavancin as alternative options for
treatment of cellulitis/soft tissue infection caused by MRSA
(weak recommendation).

(vi) No recommendations can be made on the use of ceftobi-
prole, dalbavancin and tedizolid over standard therapeutic
agents in the treatment of SSTI caused by MRSA.

Urinary tract infection (UTI)

(i) Exclude the presence of MRSA bacteraemia before com-
mencing treatment of MRSA isolated from urine (weak
recommendation).

(ii) Consider treating a genuine lower UTI caused by MRSA with
an oral agent, such as doxycycline, trimethoprim, ciprofloxa-
cin, or co-trimoxazole, according to susceptibility (weak
recommendation).

(iii) For complicated UTI caused by MRSA consider intravenous
glycopeptides (vancomycin or teicoplanin) as the first-line
treatment (weak recommendation).

(iv) When a glycopeptide is contraindicated consider daptomycin
as an alternative agent if intravenous therapy is required
(weak recommendation).

(v) Linezolid is not recommended for the treatment of MRSA
UTI, given its poor excretion by the kidney (weak
recommendation).

(vi) For catheter-associated UTI caused by MRSA, whenever pos-
sible/practicable replace the catheter, with or without a sin-
gle dose of gentamicin if the MRSA isolate is known to be
susceptible (weak recommendation). Consider a single dose
of glycopeptide (vancomycin or teicoplanin) as an alternative
if the isolate is resistant to gentamicin or there are other
contraindications (weak recommendation).

Bone and joint infections

(i) Use a multidisciplinary approach for treatment of MRSA
bone and joint infections, including surgery or drainage
where indicated (strong recommendation).

(ii) For bone and joint infections caused by MRSA use intraven-
ous glycopeptides (vancomycin or teicoplanin) as the first-
line choice of treatment (strong recommendation).

(iii) Consider 2 weeks of intravenous glycopeptide (vancomycin
or teicoplanin) followed by further intravenous or oral antibi-
otics to complete a total treatment course of a minimum
of 4 weeks for septic arthritis or 6 weeks for osteomyelitis
(weak recommendation).

(iv) Use therapeutic drug monitoring to ensure that non-toxic,
therapeutic pre-dose serum concentrations of 15–20 mg/L
for vancomycin, or 20–40 mg/L for teicoplanin are achieved
(strong recommendation).
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(v) When a glycopeptide is contraindicated consider daptomy-
cin (6 mg/kg dose) or linezolid as alternative agents (weak
recommendation).

(vi) Use clindamycin, co-trimoxazole, doxycycline, or linezo-
lid as oral options to complete treatment when the
MRSA isolate is known to be susceptible (strong
recommendation).

(vii) Do not use rifampicin, fusidic acid or a quinolone as a single
oral agent; use in combination with other agents to which
the isolate is susceptible (strong recommendation).

Bacteraemia

(i) Use intravenous vancomycin for uncomplicated bacteraemia
caused by MRSA (strong recommendation).

(ii) When vancomycin is contraindicated use linezolid as an alter-
native first-line choice of treatment (strong recommendation).

(iii) When first-line agents are contraindicated consider dapto-
mycin or teicoplanin (weak recommendation).

(iv) Do not use co-trimoxazole alone as a first-line agent for
MRSA bacteraemia, however, consider using it as an oral
step-down when the MRSA isolate is known to be susceptible
(weak recommendation).

(v) Consider a minimum duration of 14 days of antibiotic therapy
for uncomplicated bacteraemia and a minimum duration of
28 days for complicated bacteraemia caused by MRSA (weak
recommendation).

Endocarditis

Refer to the most recent version of the BSAC endocarditis treat-
ment guideline.

Necrotizing pneumonia

(i) For necrotizing pneumonia caused by MRSA use intravenous
vancomycin or linezolid (strong recommendation).

(ii) Consider addition of a toxin-inhibiting agent, such as clinda-
mycin or rifampicin, when the MRSA isolate is known to be
susceptible (weak recommendation).

Nosocomial pneumonia

(i) In the absence of at least one additional randomized con-
trolled trial (RCT) confirming the superiority of linezolid over
vancomycin for nosocomial pneumonia caused by MRSA,
ideally associated with a low risk of bias, we have opted to
recommend either intravenous vancomycin or linezolid as
first-line therapy (weak recommendation).

(ii) Do not use daptomycin to treat nosocomial pneumonia
caused by MRSA as it is inactivated by lung surfactant (strong
recommendation).

(iii) No recommendations can be made on the use of ceftobiprole
over standard therapeutic agents in the treatment of HAP
caused by MRSA.

Ear, nose and throat or upper respiratory tract infection

(i) For severe MRSA-associated ear, nose and throat or upper
respiratory tract infections consider intravenous

glycopeptide (vancomycin or teicoplanin) or linezolid (weak
recommendation).

(ii) For minor/less-severe infections consider co-trimoxazole or
doxycycline as an oral option when the MRSA isolate is known
to be susceptible (weak recommendation).

Intracranial or spinal infection

(i) Whenever clinically possible, source control is necessary for
intracranial and spinal infections (strong recommendation).

(ii) Unless surgical intervention is contraindicated use incision
and drainage for treatment of intracranial and spinal infec-
tions caused by MRSA (strong recommendation).

(iii) In the absence of neurological deficits consider treating
small epidural abscesses with antibiotics alone (weak
recommendation).

(iv) For treatment of intracranial and spinal infections caused by
MRSA consider intravenous vancomycin or linezolid as the
first-line choice of treatment (weak recommendation).

Meningitis

(i) For meningitis caused by MRSA use intravenous vancomycin
(strong recommendation). For severe infection, consider add-
ing rifampicin according to susceptibility (weak
recommendation).

(ii) Use therapeutic drug monitoring to ensure that non-toxic,
therapeutic pre-dose serum concentrations (15–20 mg/L) of
vancomycin are achieved (strong recommendation).

(iii) In severe cases, or when the patient fails to respond to intra-
venous vancomycin, patients should be transferred to a
neurosurgical centre for instillation of vancomycin directly
into the ventricles (strong recommendation).

(iv) Do not use clindamycin, chloramphenicol or linezolid to treat
meningitis caused by MRSA (strong recommendation). These
drugs are not bactericidal, such activity being a requirement
of antibiotics used as therapy of patients with meningitis.

(v) No recommendation can be made for the use of teicoplanin
in this clinical setting.

Eye infection

(i) For superficial MRSA eye disease consider gentamicin or
chloramphenicol eye drops according to isolate susceptibility
(weak recommendation).

(ii) Consider dissemination secondary to bacteraemia when a
patient is diagnosed with endophthalmitis caused by MRSA
(strong recommendation).

(iii) For deep-seated eye infections caused by MRSA consider a
multidisciplinary approach comprising specialist ophthalmol-
ogists and infection specialists (weak recommendation).

(iv) For deep-seated eye infections caused by MRSA consider
intravitreal vancomycin and systemic quinolones according
to susceptibility (weak recommendation).

(v) Consider oral linezolid as a treatment option, recognizing
that there is limited evidence of efficacy in MRSA infection
at this site (weak recommendation).

Lay summary

‘MRSA’ stands for methicillin-resistant Staphylococcus aureus,
which is a type of bacteria that can cause infection. Infection with
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MRSA mainly occurs in people who are already ill and can occur
wherever healthcare is given. This can be in hospital or in the com-
munity setting, such as in care homes, nursing homes or at home.
Options to treat MRSA infection are sometimes limited because
MRSA are resistant to a particular group of antibiotics (penicillins)
that would commonly be used to treat Staphylococcus aureus
infections. This means the bacteria are unaffected by penicillins,
and the patient is unlikely to respond to treatment with this group
of antibiotics.

The number of MRSA bloodstream infections in UK hospitals has
fallen since 2008, which affects how patients with sepsis, a serious
life-threatening infection, are treated. Antibiotics are one of the
main treatments for sepsis. Identifying the most appropriate anti-
biotic and giving it promptly increases the possibility of surviving
sepsis, including in patients who may have MRSA.

There is a broad range of antibiotics available to treat patients
with infections caused by MRSA, and new ones have become avail-
able since the last guideline was published, but we still need evi-
dence to find out the benefits of these new antibiotics. This is
particularly relevant to the treatment of patients with some deep-
seated or difficult-to-treat infections caused by MRSA, such as
bone and joint infections, where antibiotics are often given for long
periods, which can result in more side effects for patients.

This guideline is intended to help the clinical care of patients
with suspected or confirmed MRSA infection in the UK. The guide-
lines may also be of use to patients with an MRSA infection, those
who care for patients with an MRSA infection, and the general pub-
lic, by helping them to understand which treatments may be an
appropriate option for them.

1. Introduction

Current UK guidelines for the treatment of MRSA are based on clin-
ical evidence published more than 10 years ago.1 Much has
changed since then, including observed changes in the nature, in-
cidence and epidemiology of MRSA infections. In particular, the in-
cidence of MRSA in UK hospitals has fallen markedly since 2008.2

Also, for reasons that are unclear, community strains of MRSA,
such as PFGE strain-type USA300, have not become established in
the UK, despite frequent introductions.3

Unlike infections caused by antibiotic-resistant aerobic Gram-
negative bacteria, there is a broad range of antibiotics available to
treat patients with infections caused by MRSA. The clinical usage of
agents such as linezolid and daptomycin was limited when the
previous MRSA guidelines were published;1 however, during the
intervening period other agents have been licensed or are close to
being licensed and their places in therapeutic guidelines are un-
clear. This is particularly relevant to the treatment of patients with
some deep-seated or difficult-to-treat infections caused by MRSA,
such as bone and joint infections, where the durations of therapy
are prolonged and the morbidity remains high.

2. The Working Party report

2.1 What is the Working Party report?

The report is a set of recommendations covering key aspects of
MRSA treatment in a range of specific infections. The guidelines re-
view the evidence published since the last UK MRSA treatment

guidelines were published in 2008.1 The prevention of MRSA
infection is not included in these guidelines. The Working Party
recommendations have been developed systematically through
multi-disciplinary discussions based on published evidence. They
should be used in the development of local protocols for all
relevant healthcare settings.

2.2 Why do we need a Working Party report for these
infections?

The clinical picture of MRSA infection has changed significantly in
the 10 years since the previous review. In addition, new antibiotics
have become available and experience of the use of these has
increased. An update to the national treatment and management
guideline in light of these changes is therefore required.

2.3 What is the purpose of the report’s
recommendations?

The objectives of the guideline review can be summarized as
follows: (i) to improve the quality of care provided to patients (chil-
dren and adults) with MRSA infection; (ii) to provide an educational
resource for all relevant healthcare professionals; (iii) to encourage
a multidisciplinary approach to the management of MRSA infec-
tion; and (iv) to promote a standardized approach to the manage-
ment of MRSA infection.

2.4 What is the scope of these guidelines?

This guideline is intended to assist in the clinical care of patients
with suspected or confirmed MRSA infection in the UK. The 2008
MRSA guideline addressed both prophylaxis and treatment of
MRSA; however, prophylaxis has not been included in the current
guideline. Recommendations relating to infection prevention and
control of MRSA, including decolonization, are considered in a sep-
arate guideline written by HIS and IPS. Although some guidance
may be given as to dosing or drug interactions in particular cases,
this was not considered to be within the aim of these guidelines
and users should seek information on dosing and interactions
elsewhere, such as in the British National Formulary (BNF).

2.5 What is the evidence for these guidelines?

To prepare these recommendations, the Working Party derived
questions for review and collectively reviewed relevant peer-
reviewed research. Methods are described fully below; they were
in accordance with National Institute for Health and Care
Excellence (NICE) principles and the Cochrane handbook for sys-
tematic reviews of interventions.4

2.6 Who developed these guidelines?

Updating the national guidelines relating to MRSA was a joint initia-
tive of BSAC, BIA, HIS and IPS. BSAC and BIA alone were involved in
the production of this guideline. HIS and IPS are responsible for
updating recommendations for infection prevention and control of
MRSA, which will be available in a separate guideline. The guideline
was reviewed independently by two lay representatives.

The Working Party comprised infectious diseases and microbiol-
ogy clinicians, a pharmacist and a clinical scientist. Two lay
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representatives prepared the lay summary and contributed add-
itional comments to the guideline.

The views expressed in this publication are those of the authors
and have been endorsed by BSAC and BIA following consultation.

2.7 Who are these guidelines for?

Any healthcare practitioner may use these guidelines and
adapt them for their use. It is anticipated that users will include
clinical staff. It is expected that these guidelines will also raise
awareness of MRSA and the complexities of its treatment
amongst clinicians who care for patients with infections. The
guideline may also be read by patients with MRSA infection,
helping them to understand which treatments may be appro-
priate options for them.

2.8 How are the guidelines structured?

Each section comprises background information, a summary of
the evidence base with levels, and a recommendation graded
according to the available evidence.

2.9 How frequently are the guidelines reviewed and
updated?

The guideline will be reviewed at least every 4 years and updated if
changes in the evidence are sufficient to require a change in
practice.

2.10 Aim

The primary aim of this report was to update, where appropri-
ate, previous recommendations, taking into account changes in
the UK epidemiology of MRSA, ongoing national surveillance
data, and the efficacy of novel anti-staphylococcal agents
licensed for use in the UK. Emerging therapies that have not
been licensed for use in the UK at the time of the review have
also been assessed.

3. Methodology

3.1 Evidence appraisal

Questions to guide evidence review were designed according to
PICO principles4 and agreed by the Working Party. The overall
question was what new evidence had become available to support
treatment options in the management of MRSA since the last lit-
erature review and published guideline in 2008.1

The Population considered by the guideline was patients
infected with MRSA. The conditions assessed were based on the
previous MRSA guideline and as such included: impetigo;
abscesses; other skin and skin structure infections; urinary tract
infections; bone and joint infections; bacteraemia; infective endo-
carditis; necrotizing pneumonia; nosocomial pneumonia; ear, nose
and throat and upper respiratory tract infections; intracranial or
spinal infections; cerebrospinal fluid infections; and eye disease.
The Interventions assessed by the guideline were antimicrobial
agents evaluated by studies since the last guideline in 2008. The
Comparisons used were as per study authors (likely to be standards
of care, such as vancomycin or placebo). The primary Outcome
measure, clinical and/or microbiological cure, was assessed

according to that stated within each individual study design. When
adverse events were reported these were noted but were not
assessed as an outcome measure due to inconsistency of report-
ing between studies.

3.2 Data sources and search strategy

The Cochrane Library (including the Central Register of Controlled
Trials), EMBASE, and MEDLINE databases were comprehensively
searched from 1 January 2006 to 26 March 2017 (Table S1, avail-
able as Supplementary data at JAC-AMR Online). A further search
using the same criteria, but covering the period 1 January 2016 to
31 August 2018, was undertaken in order to identify any additional
papers published since the initial search.

3.3 Study eligibility and selection criteria

Only articles that contained original, relevant and interpretable
data about the management of MRSA infection and which were
published in full in peer-reviewed English language journals were
acceptable. The following study designs were eligible for inclusion:
randomised control trials (RCTs), controlled clinical trials (CCTs),
interrupted time series (ITS) with at least three data points before
and after implementation of the intervention and controlled be-
fore and after studies (CBAs) that were undertaken in three or
more centres/hospitals. Exclusion criteria were studies that did not
have comparator groups, studies in which the results from multiple
studies with different designs were pooled and studies in which
results for MRSA were not specified (Table S2). The Cochrane
Collaboration’s tool for assessing risk of bias in randomized trials
was used to assess the quality of studies.5 In the absence of other
sources of bias, studies with low numbers of participants (,10) in
each treatment arm were considered to have an unacceptable risk
of bias and were excluded outright. Studies with between 10–49
participants in each treatment arm were considered to have a high
risk of bias and were reviewed on an individual basis. Studies with
between 50–199 patients in each treatment arm were considered
to have a moderate risk of bias, whereas studies with .200
patients in each treatment arm were considered to have low risk
of bias.6 The risk of bias was reflected in the grading of the evi-
dence for each study included. Systematic reviews/meta-analyses
were excluded, but their bibliographies were cross checked in order
to identify studies not captured by the current literature searches.
Characteristics of the studies that met the inclusion criteria are
summarized in Table S3. When adverse events were reported
these were noted but were not assessed as an outcome measure
due to inconsistency of reporting between studies.

3.4 Data extraction and quality assessment

A total of 332 eligible articles was identified from the first literature
search and 53 references in the second search (Figure 1). The
abstracts of all articles identified by the literature searches were
screened by two reviewers for clinical trials concerned with the
treatment of patients with infections caused by MRSA that had
been published as full papers in peer-review journals: any differen-
ces were resolved by discussion and consensus. The full papers of
studies meeting these criteria were obtained and they were
assessed by both reviewers, principally in terms of design criteria;
again, any differences were resolved by discussion and consensus.
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In the event of uncertainty or failure to agree, studies were
referred to the guideline development group. Studies identified as
being eligible for further consideration were referred to members
of the guideline development group who determined whether
they should be included or excluded and independently performed
data extraction on the included studies. The full papers of all stud-
ies which were deemed eligible for inclusion were reviewed in
order to identify those that fulfilled the criteria for inclusion; rea-
sons for exclusion were recorded (Table S2, which lists the
excluded studies and reasons for their exclusion). Two review
authors independently performed data extraction from the
included studies (Table S3) recording information on study design,
type of intervention, presence of controls, type of targeted behav-
iour, participants, setting, methods (unit of allocation, unit of ana-
lysis, study power), primary and secondary outcome measures
and results.

3.5 Rating of evidence and recommendations

This guideline was developed in accordance with the AGREE II in-
strument.7 The rating of evidence was modified from that used by

SIGN508 to be relevant to the study types included in this guideline.
The strength of recommendation was adopted from GRADE
(Grades of Recommendations Assessment, Development and
Evaluation) (Table 1).9

Based on the analysis of the results, changes to previous rec-
ommendations were made and new recommendations were pro-
posed. Previous guidelines were used for comparison of the
evidence identified in this review.1,10 Some recommendations
were updated for pragmatic reasons in the absence of new evi-
dence to provide improved clarity to the reader in particular clinical
situations, such as MRSA meningitis.

3.6 Consultation process

Draft recommendations were written by the guideline develop-
ment group. These were circulated (on 6 January 2020) to a com-
prehensive list of stakeholders (Table S4) and uploaded to the
BSAC website (www.bsac.org.uk) for a 5 week consultation period.
Final alterations were made to the document in response to the
consultation process (Table S5).

Records iden�fied through database 
searching 

1 Jan 2006 to 26 March 2017 
(n=332) 

1 Jan 2016 to 31 August 2018 (n=53) 

Addi�onal records iden�fied through 
other sources, including crosscheck 

of systema�c reviews 
(n=42) 

Records screened

(n=427) 

Records excluded

(n=335) 

Full-text ar�cles assessed 
for eligibility 

(n=92)

Full-text ar�cles excluded, 
with reasons 

(n=62)

Studies included in review

(n=30) 
Included 

Eligibility

Iden�fica�on

Screening

Figure 1. Flow diagram illustrating stages of the literature search and systematic review.51
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4. Recommendations

4.1 Skin and soft tissue infections

Acute bacterial skin and soft tissue infection (SSTI) was the most com-
mon category of infection in the new studies reviewed. Many of the
studies were industry-sponsored, performed for licensing purposes
and powered to demonstrate non-inferiority in comparison with cur-
rent standard treatment, which was most often vancomycin. There
was marked heterogeneity in the types of infections studied. Several
studies enrolled patients with infections caused by bacteria other
than just MRSA. Several of the excluded studies could not be assessed
due to the small number of patients with proven MRSA infection.

In 2013 FDA guidance for the conduct of studies involving
patients with acute bacterial skin and skin structure infections

(ABSSSI) was updated.11 The new FDA guidance sought to provide
more consistency in study design and recommended that the pri-
mary efficacy endpoint in trials should be measured at 48–72 h, ra-
ther than at the end of therapy or at post-treatment review.11

Included studies have varied in their compliance with this, accord-
ing to their date of publication.

4.1.1 Impetigo

Evidence Older evidence in this area is reviewed in the PHE pri-
mary care guidance,12 a Cochrane Review,13 and NICE Clinical
Knowledge Summaries (CKS): Impetigo (2015).14 Uncomplicated
impetigo, defined as localized non-bullous impetigo in an im-
munocompetent individual with no systemic signs of infection,
may respond to topical antiseptics, such as hydrogen peroxide 1%
cream.14 The guideline development group is concerned about the
use of topical fusidic acid and mupirocin owing to evidence of
the emergence of resistant strains following their application, not-
withstanding their availability as treatment options with proven
efficacy. More extensive or complicated impetigo may require
systemic antibiotic therapy, but no new evidence relating to the
optimal agent(s) specifically for infection caused by MRSA was
identified.

Only one new study was identified regarding the treatment of
impetigo caused by MRSA.15 Topical retapamulin, an agent of the
pleuromutilin class, has recently been licensed for the treatment
of impetigo. Retapamulin ointment 1% administered twice daily
for 5 days was shown to be inferior to oral treatment with linezolid
600 mg 12 hourly for 10 days (or equivalent dose adjusted for age
in children) in an RCT including adults and children with either
infected wounds or impetigo caused by MRSA.15 The primary out-
come measure was clinical cure at follow up 7–9 days after the
completion of therapy; 410 patients were enrolled and 125 of
these had impetigo. Across the intention-to-treat study population
infected with MRSA, the clinical cure rate in the retapamulin group
[41/72 (56.9%)], was significantly lower than that in the oral line-
zolid group [32/38 (84.2%); difference #27.3%; 95% CI #45.8% to
#8.7%]. However, outcome data were not provided for the subset
of patients with impetigo [79 in the retapamulin arm versus 46 in
the linezolid arm (all cause)]. The absence of this information,
together with the small number of patients in each group (with
the associated moderate-to-high risk of bias), precludes reaching
conclusions regarding the efficacy of this novel agent as treatment
of impetigo specifically.

Quality of the evidence No new evidence regarding the treat-
ment of impetigo caused by MRSA was identified in the current
review.

Recommendations

(i) To prevent the development of antimicrobial resistance, con-
sider an alternative to topical fusidic acid or mupirocin, for ex-
ample a topical antiseptic such as hydrogen peroxide 1%
cream, to treat impetigo caused by MRSA where there is local-
ized, non-bullous disease and the patient is clinically well.
Consider topical fusidic acid or mupirocin as a second-line
option in this clinical setting and only when the MRSA isolate
is known to be susceptible (weak recommendation).

Table 1. Levels of evidence for intervention studies (A) (modified from8)
and grading of recommendations (B)9

A Levels of Evidence

1!! Two or more RCTs with a very low risk of bias.

1! Two or more RCTs with a low risk of bias.

1#a One or more RCTs with a high risk of bias.

2!! Interrupted time series with a control group: (i) there is a

clearly defined point in time when the intervention

occurred; and (ii) at least three data points before and

three data points after the intervention.

2! Controlled before–after studies with two or more inter-

vention and control sites.

2#a Interrupted time series without a parallel control group:

(i) There is a clearly defined point in time when the

intervention occurred; and (ii) at least three data points

before and three data points after the intervention.

Controlled before–after studies with one intervention and

one control site.

3 Non-analytic studies (e.g. uncontrolled before–after

studies).

4 Expert opinion. Legislation.

B Grading of Recommendations

For ‘strong’ recommendations:

• When the desirable effects of an intervention clearly outweigh the un-

desirable effects.

• When the desirable effects of an intervention clearly do not outweigh

the undesirable effects.

For ‘weak’ recommendations:

• When the desirable effects probably outweigh undesirable effects.

When the undesirable effects probably outweigh desirable effects.

Key: RCT, randomized controlled trial.
aStudies with an evidence level of 1# and 2# were not used on their
own as a basis for making a recommendation.
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(ii) Treat complicated impetigo using systemic antimicrobial
therapy, with the choice of agent determined by susceptibility
testing (strong recommendation).

4.1.2 Abscesses

Evidence There is robust evidence that antibiotic treatment is
not required routinely in patients with uncomplicated abscesses
caused by MSSA who undergo incision and drainage, provided
there is no evidence of a systemic inflammatory response (fever or
cellulitis) or immunodeficiency.16 Hitherto, it has been assumed
that the same principles apply to abscesses caused by MRSA.

Five new studies including patients with abscesses were identi-
fied during the present systematic review.17–21 In each of these
studies, patients with abscesses due to a range of infective organ-
isms were included, but there were sufficient patients with MRSA in
each arm of the studies to allow evaluation.

Chen et al. (2011)17 compared the use of oral clindamycin or
cefalexin (an antimicrobial agent with no activity against MRSA), in
an RCT in 200 children with uncomplicated abscesses presenting
to an emergency department. The abscesses were drained (either
spontaneously or surgically), but hospital admission was not
required. Children with impaired immunity were excluded. The
majority of wound cultures (69%) grew MRSA, and the majority of
isolates (93%) were Panton Valentine Leucocidin (PVL)-positive
PFGE strain type USA300 strains; 91% of MRSA isolates were clinda-
mycin susceptible. Success was high at both the primary endpoint
(improvement at 48–72 h) and secondary outcome measure
(resolution of infection at 7 days). For the subgroup of patients
with MRSA, 6/64 (9%) patients in the cefalexin arm and 2/71 (3%)
in the clindamycin arm were reported to have deteriorated at the
48–72 h visit. This difference was not statistically significant
(P"0.15). Among patients who could be evaluated at 7 days, cure
was reported in 63/63 (100%) patients in the cefalexin arm and
66/70 (94%) patients in the clindamycin arm (P"0.12). Although,
in this study, there was no evidence that antibiotics were benefi-
cial, the small number of patients, with resultant moderate risk of
bias, precludes making reliable conclusions.

Holmes et al. (2016)19 conducted an RCT powered for non-
inferiority comparing oral co-trimoxazole given for 3 days or the
same drug given for 10 days in immunocompetent children with
abscesses requiring drainage presenting to an emergency depart-
ment in the US. The primary outcome measure was cure as
assessed at a 10–14 day follow-up visit. Of the 265 children
recruited, MRSA was isolated from abscess cultures from 69 in
each arm; all the MRSA isolates were susceptible to co-
trimoxazole. Overall, there was no statistically significant differ-
ence in outcome between the two groups at the primary endpoint.
However, in the subset of patients with MRSA, the treatment failure
rate was 8/69 (12%) in the 3 day treatment arm versus 1/69 (1%)
in the 10 day arm (P"0.03). This failed to meet the predefined cri-
teria for non-inferiority, which was a difference of no more than
7%. In any event, the small number of patients, with the associ-
ated moderate risk of bias, precludes drawing reliable conclusions.

A large multicentre RCT included both adults and children in the
US presenting with small skin abscesses (�5 cm in diameter).18 All
patients underwent incision and drainage and were then random-
ized to receive either clindamycin (300 mg 8 hourly for adults), co-
trimoxazole (480 mg twice daily for adults) or placebo for 10 days;

appropriate dose adjustment was made for children. The primary
outcome measure was clinical cure at the end of treatment. A total
of 786 patients were enrolled and MRSA was isolated from cultures
in 388 of these. The overall clinical cure rate in the evaluable
population was statistically significantly higher in patients treated
with antibiotics [clindamycin 221/238 (92.9%), co-trimoxazole
215/232 (92.7%)], compared with those who received the placebo
[177/220 (80.5%)] (P , 0.001). This was also the case in patients
infected with MRSA [clindamycin 116/126 (92.1%), co-trimoxazole
110/117 (94%), placebo 73/96 (76%)] (P , 0.001). There was no
statistically significant difference in cure rates between patients
treated with clindamycin or co-trimoxazole. However, the small
number of patients with MRSA in each group (fewer than
200), which resulted in a moderate risk of bias, precludes draw-
ing reliable conclusions. In subset analysis the benefit of anti-
biotic treatment was seen with infections caused by MSSA or
MRSA, but not with infections where no S. aureus was isolated.
These findings challenge the view that antibiotics offer no bene-
fit over incision and drainage in small abscesses caused by
S. aureus.

Talan et al. (2016)21 performed a similar large multicentre RCT in
patients over 12 years of age in the US presenting with an uncompli-
cated abscess and treated as outpatients following drainage.
Patients were randomized to receive either high-dose oral co-
trimoxazole (1920 mg twice daily) or placebo for 7 days; 1265
patients were recruited and MRSA was isolated from specimens
obtained following drainage from 565 [394 of 410 MRSA isolates
tested (96.1%) were PFGE strain type USA300]. Overall clinical cure
rates in the per protocol population at the primary endpoint, the as-
sessment at the end of treatment, demonstrated an advantage of
antibiotic therapy over placebo [co-trimoxazole 487/524 (92.9%)
versus placebo 457/533 (85.7%)] (P , 0.001). However, this differ-
ence was not observed at the FDA guidance early endpoint assess-
ment after 48-72 h of treatment. Results were not presented for the
subgroup of patients with MRSA; however, Talan et al. (2018)20 sub-
sequently performed further analysis of the data from this study. In
the per protocol population with infection caused by MRSA the re-
sponse rate following treatment with co-trimoxazole was statistical-
ly significantly higher than that with placebo [203/219 (92.7%)
versus 202/249 (81.1%)] (difference 11.6%; 95% CI 5.2%–18.0%).
In patients with MSSA, a smaller statistically non-significant benefit
was seen [co-trimoxazole 78/86 (90.7%) versus placebo 71/86
(82.6%)] (difference 8.1%; 95% CI #3.1% to !19.4%), whereas in
patients from whom neither MRSA nor MSSA was recovered, there
was no benefit of antibiotic [co-trimoxazole 203/216 (94%) versus
placebo 181/195 (92.8%)] (difference 1.2%; 95% CI #4.1% to
!6.5%). This suggests that antibiotic treatment of abscesses after
incision and drainage may be of benefit in the subset of patients
with infection caused by MRSA.

The aforementioned studies were performed in the US in a set-
ting where PVL-positive PFGE strain type USA300 was the predom-
inant MRSA strain in circulation. This is not the case in the UK and
therefore it is unclear if the findings can be extrapolated to the UK,
where the incidence of community strains of MRSA, especially
USA300, is low. A UK guideline for management of community-
acquired MRSA published in 2010 recommended that immuno-
competent patients with uncomplicated abscesses (less than 5 cm
in diameter) without cellulitis do not require antibiotic therapy
after drainage.10
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Quality of the evidence Incision and drainage of abscesses is
necessary for a successful outcome (quality of evidence: 1!); how-
ever, the addition of antibiotics is not always necessary (quality of
evidence: 1!!).

Evidence from geographical areas where MRSA PFGE strain type
USA300 is common supports the use of antibiotics in combination
with incision and drainage (quality of evidence: 1!).

In circumstances when antibiotic treatment is necessary, there
is evidence that clindamycin or co-trimoxazole may be suitable
oral agents if the isolate is susceptible (quality of evidence: 1!).

Recommendations

(i) Use incision and drainage to treat abscesses caused by MRSA
(strong recommendation).

(ii) Do not use antibiotics routinely in patients with abscesses
caused by MRSA that are drained, are less than 5 cm in
diameter, and where there is no systemic response (fever
and/or cellulitis) and/or immunodeficiency, including neu-
tropenia and defects of cell-mediated immunity (strong
recommendation).

(iii) Use antibiotics in combination with incision and drainage in
patients with abscesses caused by MRSA PFGE strain type
USA300, or where this is likely to be the most prevalent strain
(strong recommendation).

(iv) Use oral clindamycin or co-trimoxazole when oral treatment
is warranted, and the MRSA isolate is known to be susceptible
(strong recommendation).

4.1.3 Other skin and skin structure infections

Evidence Glycopeptides are the current standard of care for the
initial therapy of cellulitis caused by MRSA. Since the previous
guideline was published, linezolid and daptomycin have become
established alternatives, particularly in hospitalized patients, al-
though oral linezolid and intravenous daptomycin are frequently
used to facilitate discharge from hospital [the latter in the out-
patient parenteral antimicrobial therapy (OPAT) setting].

Additional evidence which supports the use of linezolid as treat-
ment of patients with SSTI caused by MRSA was identified by
the current systematic review. One study meeting the guideline in-
clusion criteria demonstrated that linezolid was not inferior to
vancomycin.22 In this open-label randomized case-control study,
patients with suspected MRSA infection were randomized to
receive linezolid 600 mg twice daily (given either intravenously or
orally) or intravenous vancomycin 15 mg/kg twice daily (dose
adjusted according to therapeutic drug monitoring) for 7–14 days.
The primary outcome measure was clinical success in the per
protocol population at the end of the study and was achieved in
191/227 (84%) patients in the linezolid arm and 167/209 (80%)
patients in the vancomycin arm (P"0.249).

No new studies comparing daptomycin with vancomycin and
fulfilling the inclusion criteria were identified in the current system-
atic review.

Talan et al. (2016)23 performed a RCT comparing clindamycin
300 mg 6 hourly with co-trimoxazole 1920 mg 12 hourly in
patients .12 years of age presenting to emergency departments
in the USA with uncomplicated wound infections. Treatment was
administered for 7 days. The primary outcome measure was
clinical cure as assessed at 7–14 days. The study was powered to

demonstrate superiority of clindamycin over co-trimoxazole and
this required the lower value of the 95% CI of the difference in clin-
ical cure to be greater than zero. Overall, 500 patients were
enrolled and 161 patients with proven MRSA infection were
included in the per protocol population. There were no statistically
significant differences between the treatment arms and clinical
cure was seen in 70/78 (89.7%) patients treated with clindamycin
and 78/83 (94%) of patients treated with co-trimoxazole (differ-
ence #4.2%; 95% CI #13.9% to !5.5%). Given that there were
fewer than 100 patients in each arm, there would be a moderate
risk of bias, thereby undermining the reliability of the findings.

Several studies evaluated new agents with activity against
MRSA as treatment for patients with skin infections. These include:
the new anti-staphylococcal cephalosporins, ceftaroline24 and cef-
tobiprole;25,26 new glycopeptides, dalbavancin,27 oritavancin,28–30

and telavancin;31 a new oxazolidinone, tedizolid;32,33 two pleuro-
mutilin antibiotics, lefamulin34 and retapamulin;15 a new quin-
olone, delafloxacin;35–37and iclaprim.38,39 At the time of writing,
ceftobiprole, lefamulin and iclaprim had not been licensed for this
clinical indication. No studies meeting the guideline inclusion crite-
ria assessed the efficacy of omadacycline in this clinical setting.

Cephalosporins with enhanced activity against Gram-positive
bacteria, including MRSA, were evaluated in three studies of
patients with skin infections.24–26 Ceftaroline was compared with
the combination of vancomycin and aztreonam in a pooled ana-
lysis of two identical RCTs in 1378 patients with complicated SSTI
requiring admission to hospital (CANVAS 1 and 2).24 The trials were
designed to demonstrate non-inferiority of ceftaroline (600 mg 12
hourly) compared with vancomycin (1 g 12 hourly adjusted
according to local guidelines) given for 5–14 days. The primary out-
come measure was clinical cure at a follow up visit 8–15 days after
the last dose of antibiotics. Clinical cure rates in the pooled analysis
met the predefined criteria for non-inferiority (lower limit of the
95% CI above #10%) and were 595/693 (85.9%) in the ceftaroline
arm and 586/685 (85.5%) in the vancomycin/aztreonam arm (dif-
ference 0.3%; 95% CI #3.4% to 4.0%). Clinical cure was similar in
330 patients infected with MRSA [155/179 (86.6%) versus 124/151
(82.1%) in the ceftaroline and vancomycin/aztreonam modified
intention-to-treat groups, respectively]. However, the small num-
ber of patients with MRSA in each group (fewer than 200), which
resulted in a moderate risk of bias, precludes drawing reliable
conclusions.

In an RCT recruiting 784 patients powered to demonstrate non-
inferiority, ceftobiprole (500 mg 12 hourly) was compared with
vancomycin (1 g 12 hourly adjusted according to local guidelines)
in the treatment of complicated SSTI caused by Gram-positive
organisms, including MRSA.25 The antibiotics were administered
for 7–14 days and the primary outcome measure was clinical cure
at an assessment visit performed 10–14 days after the end of
treatment. Overall, the clinical cure rate was 263/282 (93.3%) in
the ceftobiprole arm and 259/277 (93.5%) in the vancomycin arm
(difference #0.2%; 95% CI #4.4% to !3.9%), which met the
criteria for non-inferiority. There was no statistically significant dif-
ference in outcome between the two groups in patients infected
with MRSA [cure rates of 56/61 (91.8%) in the ceftobiprole arm ver-
sus 54/60 (90%) in the vancomycin arm (difference 1.8%; 95% CI
#8.4% to !12.1%)]. There is a moderate risk of bias due to
the small number of patients with MRSA in each treatment arm,
thereby undermining the reliability of the findings.
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In a second RCT, ceftobiprole (500 mg 8 hourly) was compared
with a combination of vancomycin (1 g 12 hourly adjusted
according to local guidelines) plus ceftazidime (1 g 8 hourly) in the
treatment of adults with a range of different complicated skin and
soft tissue infections.26 Treatment was given for 7–14 days and
the primary outcome was clinical cure assessed 7–14 days after
the end of therapy. There were 547 patients in the ceftobiprole
arm and 281 patients in the comparator arm. Of these, 87 and 36
patients respectively had infection due to MRSA. Overall clinical
cure rates in the ITT population were similar for ceftobiprole
(448/547 (81.9%) and vancomycin plus ceftazidime (227/281
(80.8%); difference 1.1%; 95% CI#4.5% to!6.7%). In the patients
with MRSA, clinical cure rates were similar and were 78/87 (89.7%)
in the ceftobiprole arm and 31/36 (86.1%) in the comparator arm
(difference 3.6%; 95% CI #8.0% to !19.7%). Owing to the small
number of patients in each group, there was a moderate-to-high
risk of bias, which precludes drawing meaningful conclusions.

Dalbavancin, a new lipoglycopeptide, was studied in two identi-
cal non-inferiority trials comprising 1312 patients which were per-
formed for licensing purposes (DISCOVER 1 and DISCOVER 2) and
the results were pooled.27 Patients with SSTI requiring intravenous
antibiotic therapy were given either dalbavancin 1 g on day 1 fol-
lowed by 500 mg on day 8, or vancomycin 15 mg/kg 12 hourly for
at least 3 days with an option to switch to oral linezolid 600 mg
twice daily to complete 10–14 days of therapy. The primary end-
point was early clinical response as measured at 48–72 h. Overall,
dalbavancin was not inferior to vancomycin/linezolid with very
similar outcomes in the two treatment arms [cure rates of 525/
659 patients (79.7%) treated with dalbavancin compared with
521/653 patients (79.8%) treated with vancomycin+ linezolid
(difference #0.1%; 95% CI #4.5% to !4.2%)]. In the secondary
analysis of the subset of patients with proven MRSA infection, cure
rates assessed at the end of treatment were similar [72/74
patients (97.3%) in the dalbavancin group versus 49/50 patients
(98%) in the vancomycin+ linezolid group]. Given that there were
fewer than 100 patients in each arm, there would be a moderate
risk of bias, thereby undermining the reliability of the findings.

Two almost identical large international multicentre RCTs pow-
ered to demonstrate non-inferiority compared a single dose of ori-
tavancin (1200 mg) with vancomycin (1 g twice daily) given for 7–
10 days in the treatment of patients with SSTIs (SOLO-I and SOLO-
II, recruiting 968 and 1019 patients, respectively).29,30 In both
studies oritavancin was demonstrated to be non-inferior to vanco-
mycin with equivalent clinical response rates in both arms. In the
SOLO-I study, the early clinical response in the modified intention-
to-treat population was 391/475 (82.3%) for oritavancin and 378/
479 (78.9%) for vancomycin (difference 3.4%; 95% CI #1.6% to
!8.4%) and in SOLO-II the corresponding response rates were
403/503 (80.1%) for oritavancin and 416/502 (82.9%) for vanco-
mycin (difference #2.7%; 95% CI #7.5% to !2.0%). In a pooled
analysis, for those patients with proven infection caused by MRSA,
the early clinical response at 48–72 h was 166/204 (81.4%) in
the oritavancin arm versus 162/201 (80.6%) in the vancomycin
arm (difference 0.8%; 95% CI #6.9% to !8.4%), which met the
predefined criteria for non-inferiority.28

Two large international, multicentre studies powered to
demonstrate non-inferiority and comprising 1867 adults with
complicated SSTI requiring intravenous therapy compared

telavancin (10 mg/kg/day) with vancomycin (1 g 12 hourly and
then adjusted according to therapeutic drug monitoring) (the
ATLAS studies); the results were pooled.31 Antibiotics were given
for 10–14 days and the primary endpoint was cure as assessed
10–14 days after the completion of treatment. In the pooled ana-
lysis, telavancin met the criteria for non-inferiority; cure was
reported in 658/745 (88.3%) clinically evaluable patients in the
telavancin arm and 648/744 (87.1%) in the vancomycin arm (dif-
ference 1.2%; 95% #2.1 to !4.6%). Among patients with infection
caused by MRSA, telavancin was non-inferior to vancomycin [cure
rate of 252/278 patients (90.6%) in the telavancin group versus
260/301 patients (86.4%) in the vancomycin group (difference
4.1%; 95% CI#1.1% to!9.3%)].

Tedizolid was compared with linezolid in two studies powered to
demonstrate non-inferiority in patients with SSTI caused by Gram-
positive bacteria (ESTABLISH-1 and ESTABLISH-2).32,33 The primary
outcome measure was early clinical response as assessed at 48–
72 h according to FDA guidance. ESTABLISH-1 (n"667 patients)
compared oral tedizolid (200 mg once daily for 6 days) with oral line-
zolid (600 mg twice daily for 10 days).33 ESTABLISH-2 (n"666
patients) was similar in terms of dosage and duration of therapy, but
compared tedizolid with linezolid both given intravenously (with the
option to de-escalate to oral therapy after administration of a min-
imum of two intravenous doses).32 In both of the studies the pre-
defined non-inferiority criterion was a lower 95% CI of higher than
#10% and demonstrated that tedizolid was non-inferior to linezolid.
In ESTABLISH-1 the early clinical response was 259/332 (78%) for
tedizolid and 255/335 (76.1%) for linezolid (difference 1.9%; 95% CI
#4.5% to !8.3%) and in ESTABLISH-2 was 283/332 (85%) for tedi-
zolid and 276/334 (83%) for linezolid (difference 2.6%; 95% CI
#3.0% to !8.2%). For patients with infection caused by MRSA
assessed at a follow up visit 7–10 days after the end of treatment, re-
sponse rates in ESTABLISH-1 were 75/88 (85.2%) versus 77/90
(85.6%) in the tedizolid and linezolid arms, respectively (P value not
reported) and, in ESTABLISH-2, 44/53 (83%) versus 44/56 (79%) in
the tedizolid and linezolid arms, respectively (difference 4.4%; 95%
CI #10.8% to !19.5%). Given that there were fewer than 100
patients in each arm, there would be a moderate risk of bias, thereby
undermining the reliability of the findings.

Pleuromutilin antibiotics (lefamulin and retapamulin) were
assessed in two RCTs.15,34 In the first trial,34 patients with ABSSSI
were randomly assigned to receive either lefamulin 100 mg, or
lefamulin 150 mg, or vancomycin (dosage adjusted according to
standard practice in individual institutions) for 5–14 days. The pri-
mary outcome measure was clinical cure as assessed 10–14 days
after the end of treatment. Overall cure rates were 54/60 (90%)
in the lefamulin (100 mg) arm, 48/54 (88.9%) in the lefamulin
(150 mg) arm and 47/51 (92.2%) in the vancomycin arm. MRSA
was identified in 105/210 patients recruited. Cure rates in the
MRSA subgroup were similar in all of the study arms [lefamulin
(100 mg) 29/34 (85.3%), lefamulin (150 mg) 28/32 (87.5%) and
vancomycin 32/39 (82.1%)]; a P value was not reported. However,
there is a high risk of bias due to the small number of patients with
MRSA in each treatment arm, thereby undermining the reliability
of the findings. At the time of writing, lefamulin is awaiting regula-
tory approval.

The second trial15 is discussed in Section 4.1.1 in relation to im-
petigo. Topical retapamulin 1% administered twice daily for 5 days
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was shown to be inferior to oral treatment with linezolid 600 mg
12 hourly for 10 days (or equivalent dose adjusted for age in chil-
dren) in an RCT including adults and children with either infected
wounds or impetigo caused by MRSA.15 The primary outcome
measure was clinical cure at follow up 7–9 days after the comple-
tion of therapy; 410 patients were enrolled and 285 of these had
infected wounds. Across the study population infected with MRSA,
the clinical cure rate in the retapamulin group [41/72 (56.9%); ITT
MRSA] was significantly lower than that in the oral linezolid group
[32/38 (84.2%); difference #27.3%; 95% CI #45.8% to #8.7%]
(there was no differentiation between infected wounds and impe-
tigo). There is a moderate-to-high risk of bias due to the small
number of patients with MRSA in each treatment arm, thereby
undermining the reliability of the findings.

Delafloxacin was assessed in three studies included in the current
systematic review.35–37 In the first, delafloxacin 300 mg was shown
to be non-inferior to vancomycin 15 mg/kg plus aztreonam 2 g (each
given 12 hourly for 5–14 days) in a RCT comprising 660 patients with
ABSSSI.35 The primary outcome measure was clinical response at
48–72 h in the intention-to-treat population, and the predefined cri-
terion for non-inferiority was that the lower 95% CI of the difference
between the treatment arms was greater than #10%. Clinical re-
sponse was seen in 259/331 (78.2%) patients in the delafloxacin
arm and 266/329 (80.9%) patients in the vancomycin plus aztreo-
nam arm (difference #2.6%; 95% CI #8.8% to !3.6%). In the sub-
group of patients with proven MRSA infection, clinical response was
seen in 190/220 (86.4%) patients in the delafloxacin arm and in
199/225 (88.4%) patients in the vancomycin plus aztreonam arm
(difference#2.0%; 95% CI#8.39% to!4.16%).

In the second RCT, two different dosing regimens of delafloxa-
cin were compared with tigecycline in the treatment of a variety of
different complicated skin and soft tissue infections in a study per-
formed in 2008 and published in 2015.37 Patients were random-
ized 1 : 1 : 1 to receive intravenous delafloxacin 300 mg 12 hourly,
or delafloxacin 450 mg 12 hourly, or tigecycline 100 mg initially fol-
lowed by 50 mg 12 hourly. Treatment was continued for 5–14 days
and the primary outcome was clinical cure as assessed at a visit 7–
14 days after completion of therapy. Cure rates in the clinically
evaluable population were 33/35 (94.3%) in the delafloxacin
300 mg arm, 37/40 (92.5%) in the delafloxacin 450 mg arm and
31/34 (91.2%) in the tigecycline arm (P . 0.5 by Fisher’s exact test).
In the patients with infection due to MRSA, clinical cure was seen in
13/14 (92.9%), 19/20 (95.0%) and 12/14 (85.7% in the three arms
respectively (P . 0.5). There is a high risk of bias due to the small
number of patients with MRSA in each treatment arm, thereby
undermining the reliability of the findings.

In the third RCT, patients with acute bacterial skin and skin
structure infections were randomized (1 : 1 : 1) to intravenous dela-
floxacin 300 mg, or linezolid 600 mg, or vancomycin 15 mg/kg (ac-
tual body weight) administered 12 hourly for 5–14 days.36

Vancomycin doses were adjusted to achieve a trough serum
concentration of 15-20 mg/L. The primary outcome was clinical
response as assessed at a visit following the completion of
treatment. Overall, clinical response was seen in 57/81 (70.4%)
patients treated with delafloxacin, 50/77 (64.9%) patients
treated with linezolid and 53/98 (54.1%) patients treated with
vancomycin. The response with delafloxacin was assessed as
significantly higher than with vancomycin (P , 0.05 by the
Cochran–Mantel–Haenszel test). However, this difference was

not observed in the subset of patients with infection caused by
MRSA. Response rates in these patients were 19/29 (65.5%),
21/34 (61.8%) and 21/32 (65.6%) in the three groups, respect-
ively. There is a high risk of bias due to the small number
of patients with MRSA in each treatment arm, thereby under-
mining the reliability of the findings.

Iclaprim, a novel diaminopyridimine antibiotic that inhibits
dihydrofolate reductase, has been studied in two similar licensing
RCTs in patients with ABSSSI (REVIVE-1 and REVIVE-2).38,39

Iclaprim given intravenously at a dose of 80 mg twice daily was
compared with vancomycin 15 mg/kg twice daily (dose adjusted
according to therapeutic drug monitoring), each given for 5–
14 days. The primary endpoint was early clinical response at 48–
72 h in the intention-to-treat population and the studies were
powered to demonstrate non-inferiority. In the two trials, a total of
1198 patients were recruited and 272 had infection caused by
MRSA. Iclaprim was non-inferior to vancomycin in the total patient
population [clinical cure in the REVIVE-1 study was 241/298
(80.9%) in the iclaprim arm and 243/300 (81%) in the vancomycin
arm (difference #0.1%; 95% CI #6.42% to !6.17%), while in the
REVIVE-2 study, clinical cure was 231/295 (78.3%) in the iclaprim
arm and 234/305 (76.7%) in the vancomycin arm (difference
1.58%; 95% CI #5.1% to !8.26%)]. Within the subgroup with
MRSA, clinical cure in the REVIVE-1 study was 59/73 (80.8%) in the
iclaprim arm and 50/61 (82%) in the vancomycin arm [(difference
#1.15%; 95% CI #17.9% to !15.8%)], while in the REVIVE-2
study, clinical cure was 61/69 (88.4%) iclaprim arm and 53/69
(76.8%) in the vancomycin arm [difference 11.6%; 95% CI #5.8%
to !28.5%)]. Given that there were fewer than 100 patients in
each arm, there would be a moderate risk of bias, thereby under-
mining the reliability of the findings.

At the time of writing, iclaprim had not been licensed for clinical
use; further safety data on hepatic toxicity are also awaited.

Quality of the evidence Large RCTs evaluating different treat-
ment options for MRSA causing SSTI were the most frequent trials
identified; however, these were designed to determine non-
inferiority and the level of evidence was variable.

Trials assessing the clinical efficacy of ceftaroline, delaflox-
acin, oritavancin, and telavancin had an adequate number of
participants with MRSA in each arm (quality of evidence: 1!).
The reliability of findings from trials of other agents were
undermined by a moderate-to-high risk of bias due to a
smaller number of patients with MRSA in each treatment arm
(quality of evidence: 1#).

Recommendations

(i) For severe cellulitis/soft tissue infection caused by MRSA use
intravenous glycopeptides (vancomycin or teicoplanin) (strong
recommendation).

(ii) Use linezolid (oral or intravenous) or daptomycin (intraven-
ous) as an alternative (strong recommendation).

(iii) Consider tigecycline as an alternative when first- and
second-line agents are contraindicated, and the isolate is
susceptible (weak recommendation).

(iv) Consider clindamycin, co-trimoxazole, or doxycycline
as oral agents (when the isolate is susceptible) for treat-
ment of patients with mild skin and soft tissue infection
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caused by MRSA, or for oral stepdown therapy (weak
recommendation).

(v) Consider recently licensed agents such as ceftaroline, dela-
floxacin, oritavancin, or telavancin as alternative options for
treatment of cellulitis/soft tissue infection caused by MRSA
(weak recommendation).

(vi) No recommendations can be made on the use of ceftobi-
prole, dalbavancin and tedizolid over standard therapeutic
agents in the treatment of SSTI caused by MRSA.

4.2 Urinary tract infections

Evidence There is a lack of evidence on the management of
MRSA UTIs. No new evidence was identified for the treatment of
such infection, but the previous guidelines were reviewed. The
guideline development group feel that the detection of MRSA in
the urine should lead to an investigation of the cause. MRSA might
be shed in the urine as a result of a bacteraemia or the presence of
the bacterium in the urine may simply represent colonization, par-
ticularly in patients with long-term catheters. MRSA bacteriuria
may also be secondary to an anatomic abnormality of the urinary
tract. While linezolid may occasionally be used for treatment
of UTI caused by vancomycin-resistant enterococci, we advise
caution in the use of this agent to treat UTI caused by MRSA due to
low levels of excretion by the kidneys.

Quality of the evidence UTI caused by MRSA is not well repre-
sented in clinical trials (quality of evidence: 4).

Recommendations

(i) Exclude the presence of MRSA bacteraemia before commenc-
ing treatment of MRSA isolated from urine (weak
recommendation).

(ii) Consider treating a genuine lower UTI caused by MRSA
with an oral agent, such as doxycycline, trimethoprim, cipro-
floxacin, or co-trimoxazole, according to susc eptibility (weak
recommendation).

(iii) For complicated UTI caused by MRSA consider intravenous
glycopeptides (vancomycin or teicoplanin) as the first-line
treatment (weak recommendation).

(iv) When a glycopeptide is contraindicated consider daptomycin
as an alternative agent if intravenous therapy is required
(weak recommendation).

(v) Linezolid is not recommended for the treatment of MRSA
UTI, given its poor excretion by the kidney (weak
recommendation).

(vi) For catheter-associated UTI caused by MRSA, whenever
possible/practicable replace the catheter, with or without a
single dose of gentamicin if the MRSA isolate is known to be
susceptible (weak recommendation). Consider a single dose
of glycopeptide (vancomycin or teicoplanin) as an alternative
if the isolate is resistant to gentamicin or there are other
contraindications (weak recommendation).

4.3 Bone and joint infections

Evidence Bone and joint infections caused by MRSA can be
difficult to treat and patients may require prolonged courses of

antimicrobial therapy. Our recommendations do not include the
management of the specialist conditions such as prosthetic joint
infection and diabetic foot infection.

Paul et al. (2015)40 performed a RCT of co-trimoxazole
compared with vancomycin in patients with a range of severe
infections caused by MRSA. Co-trimoxazole was initially adminis-
tered intravenously at a dosage of 1920 mg 12 hourly and this was
converted to an oral formulation at the same dosage at a
time chosen by the treating physician. The vancomycin dosing
was 1 g 12 hourly intravenously with target pre-dose serum
concentrations of 10-20 mg/L; the duration of therapy was not
reported. The trial was powered for non-inferiority across a
range of infections and therefore not powered to determine
utility of co-trimoxazole in bone or joint infection alone. This
trial included 39 and 32 patients with MRSA bone and joint in-
fection, randomized to co-trimoxazole or vancomycin, respect-
ively (unpublished data cited in Paul et al.40). The primary
outcome measure was clinical treatment failure at 7 days, and
this occurred in 11/39 (28%, co-trimoxazole) and 7/32 (22%,
vancomycin) patients, respectively. A secondary outcome of
mortality at 30 days did not differ between groups [2/39 (5%)
for co-trimoxazole and 1/32 (3%) for vancomycin]. The differen-
ces were not statistically significant, but in any event, the
study was associated with a high risk of bias, owing to the low
numbers of patients, thereby precluding us from drawing any
meaningful conclusions.

Owing to its biofilm penetration rifampicin has been recom-
mended in previous UK guidelines1 as adjunctive therapy in patient
with MRSA bone or joint infections, particularly where metalwork is
implanted. No evidence fulfilling the inclusion criteria on the use of
rifampicin to treat bone infection was identified during the current
systematic review.

There is increasing experience in the UK of the use of dal-
bavancin to treat bone infection. Due to its long half-life and
suitability for weekly administration, it is used when other
drugs cannot be easily administered. No evidence fulfilling
the inclusion criteria on the use of dalbavancin to treat bone
infection was identified during the current systematic
review.

Quality of the evidence Recent clinical trials have not been suf-
ficiently powered to provide new evidence for the treatment of
bone and joint infections caused by MRSA (quality of evidence: 4).

Recommendations

(i) Use a multidisciplinary approach for treatment of MRSA
bone and joint infections, including surgery or drainage
where indicated (strong recommendation).

(ii) For bone and joint infections caused by MRSA use intraven-
ous glycopeptides (vancomycin or teicoplanin) as the first-
line choice of treatment (strong recommendation).

(iii) Consider 2 weeks of intravenous glycopeptide (vancomycin
or teicoplanin), followed by further intravenous or oral antibi-
otics to complete a total treatment course of a minimum of
4 weeks for septic arthritis or 6 weeks for osteomyelitis
(weak recommendation).

(iv) Use therapeutic drug monitoring to ensure that non-toxic,
therapeutic pre-dose serum concentrations of 15–20 mg/L

Review

12 of 18



for vancomycin, or 20–40 mg/L for teicoplanin are achieved
(strong recommendation).

(v) When a glycopeptide is contraindicated consider daptomycin
or linezolid as alternative agents (weak recommendation).

(vi) Use clindamycin, co-trimoxazole, doxycycline, or linezolid
as oral options to complete treatment when the MRSA iso-
late is known to be susceptible (strong recommendation).

(vii) Do not use rifampicin, fusidic acid or a quinolone as a single
oral agent; use in combination with other agents to which
the isolate is susceptible (strong recommendation).

4.4 Bacteraemia

Evidence Four studies met our inclusion criteria in this clinical set-
ting.40–43 Paul et al. (2015)40 enrolled 91 patients with MRSA bacter-
aemia in an RCT. Fifty patients were randomized to vancomycin
(target pre-dose serum concentrations 10–20 mg/L) and 41 to co-
trimoxazole (1920 mg 12 hourly intravenously initially then oral or
intravenously). In the intention-to-treat analysis, 23/41 (56%) and
20/50 (40%) patients in the vancomycin and co-trimoxazole groups
respectively experienced clinical treatment failure at day 7 [effect es-
timate 1.4 (95% CI 0.9–2.16). The secondary outcome of all-cause
mortality at 30 days was non-significantly higher in the co-
trimoxazole group [14/41 (34%) versus 9/50 (18%), effect estimate
1.9 (95% CI 0.9–3.9)], leading the study authors to advise that this
antibiotic is not used alone to treat patient with MRSA bacteraemia.
The small numbers of patients per study arm and associated high
risk of bias invalidates the statistical analysis and confounds the im-
pact of this recommendation. HERE

Thwaites et al. (2018)43 allocated patients with S. aureus bac-
teraemia to a standard first-line regimen together with adjunctive
therapy comprising either rifampicin or placebo. Of the 47 patients
with infections caused by MRSA, 26 received rifampicin and 21
received placebo. Nine of 26 (35%) patients who were given ad-
junctive rifampicin and 3/21 (14%) prescribed adjunctive placebo
met the primary outcome measure at 12 weeks (clinically defined
treatment failure or disease recurrence, or death) (P . 0.05). The
authors concluded that the addition of adjunctive rifampicin to
standard therapy did not improve clinical outcomes in patients
with S. aureus bacteraemia (SAB), but conclusions cannot be pre-
sumed to extrapolate to MRSA. The low numbers of patients and
associated high risk of bias preclude drawing any meaningful con-
clusions regarding the intervention of adjunctive rifampicin in
patients with MRSA bacteraemia.

In vitro and animal studies have suggested the potential for
synergy when vancomycin is combined with b-lactam antibiotics
for the treatment of patients with MRSA bacteraemia.44,45 Davis
et al. (2016)41 report the results of a pilot RCT (CAMERA) designed
to investigate the effect of an adjunctive b-lactam in this setting.
Three hundred and eighty patients were screened and 60 were
recruited. All participants received intravenous vancomycin 1.5 g
12 hourly, with 29 patients receiving adjunctive placebo (control
arm) and 31 patients receiving adjunctive flucloxacillin 2 g 6 hourly
(combination arm), for 7 days. The duration of bacteraemia was
3 days in the control arm and 1.94 days in the combination arm in
the intention-to-treat analysis (P"0.06). As the high risk of bias
arising from enrolment of small numbers of patients precludes
drawing any meaningful conclusions and as the results were
inconclusive.

Rehm et al. (2008)42 compared daptomycin (6 mg/kg/day) with
vancomycin combined with low-dose gentamicin in patients with
bacteraemia or endocarditis due to MRSA. In this RCT, 32 patients
with MRSA bacteraemia received daptomycin and were compared
with 33 patients with MRSA bacteraemia who received the usual
therapy of vancomycin combined with low-dose gentamicin. Six
weeks following the conclusion of therapy, clinical success was
recorded 16/32 (50%) in the daptomycin arm and 11/33 (33%) in
the vancomycin/gentamicin arm. In this trial the results were sep-
arated into complicated and uncomplicated bacteraemia, but the
small numbers perhaps preclude sub-analysis. Expert Infectious
Diseases Society of America (IDSA) opinion suggests a higher dose
of daptomycin of 8–10 mg/kg/day may be required, particularly in
complicated bacteraemia.16 The small overall numbers of patients
per study arm and associated high risk of bias invalidates the stat-
istical analysis and no recommendation is based on this trial result.

The evidence regarding teicoplanin treatment of MRSA bacter-
aemia is limited. There is no robust evidence of inferiority of
teicoplanin compared with vancomycin.

Evidence to support course duration for treatment of MRSA
bacteraemia is limited, although it is generally agreed that
a longer treatment duration is needed for complicated bacter-
aemia. For definitions of uncomplicated and complicated
bacteraemia, the reader is referred to the clinical practice
guidelines by the IDSA for the treatment of MRSA infections in
adults and children.16

Quality of the evidence Recent clinical trials have not been suf-
ficiently powered to provide new evidence for the treatment of
bacteraemia caused by MRSA and optimum duration of therapy
remains subjective (quality of evidence: 4).

Treatment of MRSA bacteraemia with co-trimoxazole may be
associated with a higher rate of clinical failure compared with
vancomycin; however, this association has yet to be confirmed
(quality of evidence: 1#).

Recommendations

(i) Use intravenous vancomycin for uncomplicated bacteraemia
caused by MRSA (strong recommendation).

(ii) When vancomycin is contraindicated use linezolid as
an alternative first-line choice of treatment (strong
recommendation).

(iii) When first-line agents are contraindicated consider dapto-
mycin or teicoplanin (weak recommendation).

(iv) Do not use co-trimoxazole alone as a first-line agent for
MRSA bacteraemia, however, consider using it as an oral
step-down when the MRSA isolate is known to be susceptible
(weak recommendation).

(v) Consider a minimum duration of 14 days of antibiotic
therapy for uncomplicated bacteraemia and a minimum
duration of 28 days for complicated bacteraemia caused
by MRSA (weak recommendation).

4.5 Infective endocarditis

Evidence Current BSAC endocarditis guidelines46 advise the use
of vancomycin for vancomycin-susceptible native or prosthetic
valve MRSA endocarditis. If the patient cannot tolerate
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vancomycin or if the isolate is not vancomycin susceptible then
daptomycin is recommended as an alternative in combination
with a second agent chosen according to antibiotic susceptibility
testing. The guidelines recommend a minimum duration of
4 weeks for patients with native valve endocarditis and 6 weeks for
those with prosthetic valve endocarditis.

Recommendation The reader is referred to the most recent ver-
sion of the BSAC endocarditis guidelines.

4.6 Respiratory tract infections

4.6.1 Necrotizing pneumonia

Evidence MRSA necrotizing pneumonia (e.g. in association with
Panton–Valentine leucocidin) is a life-threatening disease that
requires urgent treatment. No new evidence that allows existing
guidelines to be updated/modified has been identified in the cur-
rent systematic review. The 2008 UK MRSA treatment guidelines1

recommended the use of vancomycin or linezolid, but the authors
expressed concerns regarding the efficacy of both drugs. Previous
Public Health England (PHE) guidelines, which advised a combin-
ation of clindamycin, linezolid and rifampicin, have not been
updated since 2008 and we do not recommend that these are
used to guide treatment.

Quality of the evidence Treatment of necrotizing pneumonia
caused by MRSA is not well represented in clinical trials (quality of
evidence: 4).

Recommendations

(i) For necrotizing pneumonia caused by MRSA, use intravenous
vancomycin or linezolid (strong recommendation).

(ii) Consider addition of a toxin-inhibiting agent, such as clinda-
mycin or rifampicin when the MRSA isolate is known to be sus-
ceptible (weak recommendation).

4.6.2 Nosocomial pneumonia

Evidence Wunderink et al. (2012)47 performed a large RCT that
enrolled 1184 patients with all-cause nosocomial pneumonia in
the initial recruitment. Patients were randomized to receive either
intravenous linezolid (600 mg 12 hourly) or intravenous vanco-
mycin (15 mg/kg 12 hourly) for 7–14 days (or 21 days in the case of
associated bacteraemia). The primary outcome measure for
end-of-study clinical success was analysed according to those
patients later identified as having confirmed MRSA (a propor-
tion of whom had MRSA combined with other pathogens). This
included 348 patients (linezolid, n"172; vancomycin,
n"176). In the per protocol population, 95/165 (58%) in the
linezolid arm and 81/174 (46.5%) in the vancomycin arm
achieved clinical success at end of study (P "0.042). Mortality
at 60 days did not differ between the modified intention-to-
treat and the intention-to-treat groups. Moreover, the small
number of patients with MRSA in each group (fewer than 200),
which resulted in a moderate risk of bias, precludes drawing re-
liable conclusions.

Rubinstein et al. (2011)48 randomized 1532 patients with noso-
comial pneumonia, of whom 290 had evidence of MRSA infection,
to intravenous telavancin 10 mg/kg/day (n"136) or vancomycin

1 g 12 hourly (n"154) for 7–21 days. In the patients with MRSA in-
fection, 104/136 (76.5%) treated with telavancin and 115/154
(74.7%) treated with vancomycin were assessed as cured at the
test of cure/follow up visit. Although these numbers are larger
than those in other studies in this clinical setting, they are not
adequately powered to demonstrate non-inferiority of telavancin
to vancomycin in patients with MRSA pneumonia; indeed, the
number of patients in each group (fewer than 200) resulted in a
moderate risk of bias, which precludes drawing reliable conclu-
sions. Overall, there was an increase in serious adverse events
(septic shock, respiratory failure or multiorgan failure) and
treatment-emergent adverse events (diarrhoea, anaemia, hypo-
kalaemia, constipation, or renal impairment) in patients receiving
telavancin (234/751; 31%) compared with those receiving vanco-
mycin (197/752; 26%) in this trial (no P value available).

Awad et al. (2014)49 completed an RCT to compare ceftobiprole
with ceftazidime plus linezolid in hospital-acquired pneumonia
(HAP). Infection was caused by MRSA in 41 of 391 patients in the
ceftobiprole group and in 48 of 390 patients in the ceftazidime/
linezolid group (although MRSA may not have been the only patho-
gen in patients in either group); of these 89 patients with HAP, 29
had ventilator-associated pneumonia (VAP). In the subset of 55
patients for whom there was a microbiologically evaluable out-
come: 13/27 (48%) had microbiological eradication and 17/27
(63%) had clinical cure with ceftobiprole; 16/28 (57%) had
microbiological eradication and 18/28 (64%) had clinical cure
with ceftazidime plus linezolid. The report quotes a subset ana-
lysis for early clinical improvement at day 4 in the clinically
evaluable patients with HAP (without VAP) who had MRSA and
found a statistically significant difference in outcome in
patients treated with ceftobiprole (18/19; 95%) versus those
treated with ceftazidime plus linezolid (10/19; 53%) (difference
42%, 95% CI 17.5%–66.7%). However, this difference was not
found in the intention-to-treat population of those with MRSA
(improvement in 22/28 (78%) versus 19/32 (59%) with ceftobi-
prole or ceftazidime plus linezolid respectively, difference 19%,
95% CI #3.6% to 42%). There is a high risk of bias with these
small numbers. No recommendations are based on the results
from this trial.

Daptomycin is not licensed for treatment of respiratory infec-
tions due to inhibitory interaction of the molecule with lung
surfactant.50

Quality of the evidence Nosocomial pneumonia caused by
MRSA treated with linezolid is associated with a significantly
higher clinical response rate compared with nosocomial pneu-
monia treated with vancomycin, although this observation is
based on only one RCT for which the risk of bias, based on the
number of patients with MRSA enrolled into each group, is
moderate (quality of evidence: 1#).

Recommendations

(i) In the absence of at least one additional RCT confirming
the superiority of linezolid over vancomycin for nosoco-
mial pneumonia caused by MRSA, ideally associated with
a low risk of bias, we have opted to recommend either
intravenous vancomycin or linezolid as first-line therapy
(weak recommendation).
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(ii) Do not use daptomycin to treat nosocomial pneumonia
caused by MRSA, as it is inactivated by lung surfactant (strong
recommendation).

(iii) No recommendations can be made on the use of ceftobiprole
over standard therapeutic agents in the treatment of HAP
caused by MRSA.

4.6.3 Ear, nose and throat or upper respiratory tract
infections

Evidence MRSA-associated ear, nose and throat or upper respira-
tory tract infections are rare, although they may be complicated
by skull penetration or brain abscess formation. No new evidence
that might inform our recommendations was identified in the cur-
rent systematic review.

Quality of the evidence Treatment of ear, nose and throat or
upper respiratory tract infections caused by MRSA is not well repre-
sented in clinical trials (quality of evidence: 4).

Recommendations

(i) For severe MRSA-associated ear, nose and throat or upper
respiratory tract infections consider intravenous glycopep-
tide (vancomycin or teicoplanin) or linezolid (weak
recommendation).

(ii) For minor/less severe infections consider co-trimoxazole or
doxycycline as an oral option when the MRSA isolate is known
to be susceptible (weak recommendation).

4.7 Central nervous system and eye disease

4.7.1 Intracranial or spinal infections
Evidence. Infections in this category include brain abscess,

subdural empyema, spinal epidural abscess and vertebral osteo-
myelitis. No new evidence which might inform our recommenda-
tions for the treatment of patients with MRSA infection in these
clinical settings was identified in the current systematic review.

Whenever clinically possible, source control is necessary for
intracranial and spinal infections.

Quality of the evidence Treatment of intracranial and spinal
infections caused by MRSA are not well represented in clinical trials
(quality of evidence: 4).

Recommendations

(i) Whenever clinically possible, source control is necessary for
intracranial and spinal infections (strong recommendation).

(ii) Unless surgical intervention is contraindicated use incision
and drainage for treatment of intracranial and spinal infec-
tions caused by MRSA (strong recommendation).

(iii) In the absence of neurological deficits consider treating
small epidural abscesses with antibiotics alone (weak
recommendation).

(iv) For treatment of intracranial and spinal infections caused by
MRSA consider intravenous vancomycin or linezolid as the
first-line choice of treatment (weak recommendation).

4.7.2 Meningitis
Evidence. No new evidence that might inform our recommenda-

tions for the treatment of patients with meningitis caused by MRSA
was identified in the current systematic review.

Shunt infection was not considered in this review. Oritavancin
has demonstrated efficacy in animals and may have a role to play
in this clinical setting, but that role is not currently clear.

Quality of the evidence Treatment of meningitis caused by MRSA
is not well represented in clinical trials (quality of evidence: 4).

Recommendations

(i) For meningitis caused by MRSA use intravenous vanco-
mycin (strong recommendation). For severe infection,
consider adding rifampicin according to susceptibility
(weak recommendation).

(ii) Use therapeutic drug monitoring to ensure that non-
toxic, therapeutic pre-dose serum concentrations (15-
20 mg/L) of vancomycin are achieved (strong
recommendation).

(iii) In severe cases or when the patient fails to respond to intra-
venous vancomycin, transfer the patient to a neurosurgical
centre for instillation of vancomycin directly into the ven-
tricles (strong recommendation).

(iv) Do not use clindamycin, chloramphenicol or linezolid to
treat meningitis caused by MRSA (strong recommendation).
These drugs are not bactericidal, such activity being a re-
quirement of antibiotics used as therapy of patients with
meningitis.

(v) No recommendation can be made for the use of teicoplanin
in this clinical setting.

4.7.3 Eye disease
Evidence. MRSA eye disease is rare. In the event, no new evidence

which might inform our recommendations for the treatment of
patients with eye infection caused by MRSA was identified in the
current systematic review.

Endophthalmitis can represent dissemination secondary to
bacteraemia and this should always be considered when a patient
is diagnosed with this disease.

Quality of the evidence Treatment of eye disease caused by MRSA
is not well represented in clinical trials (quality of evidence: 4).

Recommendations

(i) For superficial MRSA eye disease consider gentamicin or
chloramphenicol eye drops according to isolate suscepti-
bility (weak recommendation).

(ii) For deep-seated eye infections caused by MRSA consider a
multidisciplinary approach comprising specialist ophthal-
mologists and infection specialists (weak
recommendation).

(iii) For deep-seated eye infections caused by MRSA consider
intravitreal vancomycin and systemic quinolones according
to susceptibility (weak recommendation).

(iv) Consider oral linezolid as a treatment option, recognizing
that there is limited evidence of efficacy in MRSA infection at
this site (weak recommendation).
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5. Implementation of these guidelines

5.1 How can the guidelines be used to improve clinical
effectiveness?

These guidelines can be used to inform antibiotic treatment policies
and provide standards for clinical audit. Areas of additional research
are identified, thereby directing future research necessary for the
provision of high-quality, evidence-based recommendations.

5.2 How much will implementation of the guidelines
cost?

Implementation of recommendations in the updated guideline is
not anticipated to be associated with any additional costs com-
pared with the previous guideline; however, treatment using
newer anti-MRSA agents may be associated with higher costs than
established MRSA treatments.

5.3 Summary of suggested audit measures

• Proportion of cases of impetigo caused by MRSA which were
treated with topical antiseptic (Aim .80%).

• Proportion of cases of impetigo caused by MRSA which were
treated with topical antibiotic (Aim ,20%).

• Proportion of abscesses .5 cm in diameter caused by MRSA
which underwent incision and drainage within 48 h of diagnosis
(Aim .95%).

• Proportion of patients with abscesses that are drained or that
are ,5 cm in diameter treated with systemic antibiotics in the
absence of a systemic response (fever and/or cellulitis) and/or
immunodeficiency (Aim ,20%).

• Proportion of patients with MRSA UTI who have a blood culture
taken to exclude MRSA bacteraemia (Aim 100%).

• Proportion of patients with MRSA UTI who are treated with an
agent which is effectively excreted in the urine (Aim 100%).

• Proportion of patients with MRSA bone and joint infection dis-
cussed at a multidisciplinary team (MDT) meeting (Aim .95%).

5.4 E-Learning tools

An assessment tool is available to identify compliance with the
recommendations within this guideline (available as
Supplementary data at JAC-AMR online). Information collected by
the tool informs service providers where their service is doing well,
where improvements could be made, or where support is required.

6. Evidence gaps and further research
It is disappointing that efforts to produce robust, evidence-based
recommendations have been limited by the absence of adequate
numbers of well-designed and well-conducted clinical trials.
Evidence gaps have been identified and further research is urgent-
ly needed in the following areas:

(i) The role of teicoplanin: to determine if there a tendency to
under-dose, to identify the optimum dosage of teicoplanin,
to support teicoplanin therapeutic drug monitoring and
identify peak and trough values, to identify the circumstan-
ces when ‘actual body weight’ or ‘ideal body weight’ are
used in dosage calculations.

(ii) Gentamicin regimens in patients with renal impairment.
(iii) The role of linezolid: to investigate an association between

the duration of therapy with linezolid and adverse events,
and the requirement for, and interpretation of, tests to
monitor for adverse events.

(iv) Management of MRSA in chronic wounds: to identify agents
that are effective against biofilms, topical agents that are
effective in treatment, and to determine the utility of topical
fusidic acid in primary care and dermatology.

(v) Establish the difference between MRSA colonization and in-
fection in the urine and the role of trimethoprim and cipro-
floxacin in UTI management.

(vi) To identify ways to differentiate between MRSA colonization
and infection in the lung.

(vii) The treatment of CNS infection in view of the limitations of
the agents available and identification of optimal treatment
in relation to CNS penetration.

(viii) The use of older medicines, such as co-trimoxazole or chlor-
amphenicol, in the management of MRSA infection.

(ix) Duration of treatment: duration is unclear in several
conditions, including when to switch from intravenous
to oral agents and patient factors associated with such a
switch.

(x) Agents most appropriate for administration within out-
patient parenteral antimicrobial therapy (OPAT) for man-
agement of MRSA infection.

(xi) Agents to use when there is evidence of allergy/hypersensi-
tivity/intolerance to the first-line agents.

(xii) Vancomycin-resistant S. aureus.

7. Conclusions

The incidence of MRSA has decreased considerably in the UK
since the publication of the 2008 MRSA guidelines. Since
2008 there has been a change in clinical management of MRSA
with linezolid and daptomycin available more widely. Several
new antimicrobial agents with activity against MRSA have
been licensed, but the evidence to support their routine use is
limited. For reasons that are unclear, community strains of
MRSA, such as PFGE strain type USA300, have remained uncom-
mon in the UK. Evidence was found to support the use of anti-
biotic treatment in abscesses caused by USA300 and, should this
become more common in the UK, it may then be necessary
to recommend adjunctive antibiotics for the management of
abscesses.
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