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Methicillin-resistant Staphylococcus aureus (MRSA) is being seen
with greater frequency in most hospitals and other health care facili-
ties across Canada. The organism may cause life-threatening infec-
tions and has been associated with institutional outbreaks. Several
studies have confirmed that MRSA infection is associated with
increased morbidity and mortality compared with infections caused
by susceptible strains, even when the presence of comorbidities is
accounted for. Treatment of MRSA infection is complicated by the
fact that these organisms are resistant to multiple antimicrobial
agents, so treatment options are limited. The effectiveness of decolo-
nization therapy (attempting to eradicate MRSA carriage) is also
uncertain. This paper reviews the medical management of MRSA
infections, discusses the potential role of decolonization and provides
an overview of evidence to support recommended infection control
practices.
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La prise en charge de I'infection et de la
colonisation secondaires au Staphylococcus
aureus méthicillinorésistant : Une déclaration

de principe de la SMCI et de ’TACMM

La fréquence des cas de Staphylococcus aureus méthicillinorésistant
(SAMR) augmente dans la plupart des hopitaux et des autres
établissements de soins du Canada. Lorganisme peut provoquer des
infections mettant en jeu le pronostic vital et s’associe 2 des flambées
nosocomiales. Plusieurs études confirment que linfection 3 SAMR
s’associe A une augmentation de la morbidité et de la mortalité par rapport
aux infections causées par des souches susceptibles, méme en tenant
compte de la présence de comorbidités. Le traitement de l'infection a
SAMR se complique par le fait que ces organismes résistent a de multiples
antimicrobiens, ce qui limite les possibilités de traitement. Lefficacité du
traitement par décolonisation (une tentative d’éradiquer le portage de
SAMR) est également incertaine. Le présent article permet d’analyser la
prise en charge médicale des infections 8 SAMR, traite du role potentiel
de la décolonisation et fournit un apercu des données probantes
permettant de soutenir les pratiques recommandées de controle de
linfection.

he past few decades have witnessed the emergence of

methicillin-resistant Staphylococcus aureus (MRSA) as a
major hospital-acquired pathogen worldwide (1-4). Although
MRSA was first reported in Canada in 1981 (5), MRSA rates
in Canadian hospitals have only increased substantially in the
last few vyears. The Canadian Nosocomial Infection
Surveillance Program (CNISP) reported that the incidence of
MRSA in sentinel hospitals across the country increased from
a mean of 0.9 per 100 S aureus isolates in 1995 to 8.2 per 100
isolates in 2001, and from 0.5 cases per 1000 admissions in
1995 to 4.4 per 1000 admissions in 2001 (6,7). Part of this
increase may have been related to more frequent screening for
MRSA colonization in high risk patients (8). However, a four-
fold increase in MRSA infection rates was also observed (from
0.3 infections per 1000 admissions in 1995 to 1.2 infections per

1000 admissions in 2001) (6,7).

Although there have been recent reports describing com-
munity-onset MRSA in the United States, CNISP data
would suggest that MRSA remains predominantly a hospi-
tal-acquired pathogen in Canada (6). Nevertheless, it
would seem reasonable to expect that an increase in MRSA
rates in hospitals will eventually lead to spread of the
organism in long term care facilities and the community. In
Canada, community-acquired MRSA has been reported
most frequently in western Canada, especially among
native Aboriginals and intravenous drug users (9,10).
Recognized risk factors for MRSA acquisition have included
previous hospitalization, admission to an intensive care
unit, prolonged hospital stay, proximity to another patient
with MRSA, older age, invasive procedures, presence of
wounds or skin lesions, and prior antimicrobial therapy

(11-15).
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TABLE 1

Randomized, controlled trials of antimicrobial agents for the treatment of infections caused by methicillin-resistant

Staphylococcus aureus (MRSA)

Reference (year) n (total) Evaluable patients with MRSA (n) MRSA infections Antimicrobial agents Clinical success (%)*

41 (1988) 21 21 ‘Invasive’, Teicoplanin, 7/12 (58)
septicemia vancomycin 6/9 (67)

51 (1992) 101 47 Bacteremia, TMP-SMX, 21/21 (100)

skin or soft tissue vancomycin 26/26 (100)
73 (1999) 562 15 Skin or soft tissue Q/D, 7/9 (78)
vancomycin 3/6 (50)
76 (2000) 171 38 Nosocomial Q/D, 6/20 (31)
pneumonia vancomycin 8/18 (44)
86 (2001) 396 32 Nosocomial Linezolid, 15/23 (65)
pneumonia vancomycin 7/9 (78)
85 (2002) 460 108 Skin or soft tissue, Linezolid, 41/56 (73)
pneumonia, vancomycin 38/52 (73)

urinary tract

*None of these studies demonstrated a statistically significant difference in outcomes (clinical success rates) between the comparator antimicrobial agents.

Q/D Quinupristin-dalfopristin; TMP-SMX Trimethoprim-sulphamethoxazole

If MRSA only colonized patients, there would be little rea-
son for concern. However, 20% to 60% of patients identified as
being colonized with MRSA in hospital subsequently develop
an MRSA infection (12). Using standard criteria for identifi-
cation of infections, CNISP data indicated that approximately
31% of patients with MRSA in Canadian hospitals were
infected (7). In certain high risk populations, staphylococcal
infections including bacteremia occur more frequently follow-
ing colonization with MRSA than after colonization with sus-
ceptible strains of S aureus (16). Moreover, MRSA does not
merely replace susceptible strains of S aureus as a hospital-
acquired pathogen, but rather, it appears to add substantially to
the total burden of nosocomial infections (17,18). Although
the results are somewhat controversial, several studies have
also indicated increased mortality and prolonged hospitaliza-
tion associated with MRSA infections (19-21). After adjust-
ment for comorbidities, methicillin resistance has been found
to be a significant independent risk factor for mortality in bac-
teremic patients (21-23).

Several studies have also documented the economic impact
of MRSA in hospitalized patients, demonstrating increased
costs associated with managing infections and with the imple-
mentation of control measures (19,24,25). The average attrib-
utable cost of managing an MRSA infection in a Canadian
hospital was estimated to be approximately $14,360, whereas
costs associated with managing a patient with MRSA coloniza-
tion were approximately $1,363 per hospital admission (25).

The first strain of S aureus, an MRSA, with reduced suscep-
tibility to vancomycin was reported from Japan in 1996
(26,27). Since then, such strains with vancomycin minimum
inhibitory concentrations (MIC) of 8 pg/mL to 16 pg/mL (van-
comycin-intermediate S aureus [VISA]) have been reported
from several countries in southeast Asia, South America,
Europe and the United States (28-30). Of even greater con-
cern has been the recent identification of two infections
caused by MRSA with high level resistance to vancomycin
(MIC greater than 128 pg/mL; vancomycin-resistant S aureus
[VRSA]), mediated by the vanA gene determinant found in
vancomycin-resistant enterococci (31,32). These develop-
ments have emphasized the need for appropriate use of gly-
copeptides and other antimicrobial agents in the management
of patients with MRSA. This paper reviews options for the
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treatment of patients with MRSA infection or colonization.
The treatment options should be considered appropriate for
hospitalized patients as well as for out-patients, and for those
residing in long term care facilities.

TREATMENT OF MRSA INFECTION
Few clinical trials designed to determine optimal antimicrobial
therapy for MRSA infection have been published (Table 1). In
all of these comparative studies, vancomycin was considered to
be standard therapy. Inclusion criteria, sites and severity of infec-
tion, and outcome measures varied from study to study. Each of
the studies included relatively small numbers of patients with
documented infection due to MRSA and failed to show any sta-
tistically significant differences between the agents evaluated. In
the past few years, several new agents with in vitro activity
against resistant Gram-positive organisms have become avail-
able but clinical experience with these drugs against serious
MRSA infections, including bacteremia, is still limited.

Glycopeptides

Vancomycin is currently considered the treatment of choice for
serious MRSA infections (33-36). Unfortunately, vancomycin is
potentially more toxic and probably less effective than a beta-
lactam antibiotic would be if the infection were caused by a sus-
ceptible strain of S awreus (35,37-39). Vancomycin has a
relatively slow bactericidal effect against staphylococci, thereby
possibly reducing its clinical effectiveness (40). The emergence
of vancomycin resistance in MRSA and in enterococci is an
additional reason for concern (27,31,32,35). Teicoplanin, a gly-
copeptide agent structurally related to vancomycin, is as active
in vitro as vancomycin against MRSA but does not appear to
offer any significant advantages for the treatment of MRSA
infections (Table 1) (41,42).

Clindamycin

Clindamycin has been used successfully in a small number of
patients infected with susceptible strains of MRSA (43).
However, most MRSA strains are resistant to clindamycin
(6,44,45) and the drug should probably not be used in the
treatment of systemic or bacteremic infections where MRSA is
known or suspected to be a pathogen. In addition,
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staphylococci resistant to macrolides should also be considered
resistant to clindamycin based on the presence of rRNA
methylases specified by erm genetic determinants (46).

Minocycline

Minocycline is a semisynthetic derivative of tetracycline with
in vitro activity against many strains of MRSA. Resistance to
tetracycline in MRSA is common in many parts of the world
and may be associated with cross-resistance to doxycycline and
minocycline (44,47). Minocycline has been used in the man-
agement of both infected and colonized patients with MRSA,
although clinical experience with the drug in these settings has
been limited. There have been case reports describing the suc-
cessful treatment of MRSA endocarditis with minocycline in
patients who had failed to respond to other antimicrobial

agents (48,49).

Trimethoprim-sulphamethoxazole
Trimethoprim-sulphamethoxazole (TMP-SMX) has been used
to treat a small number of patients with MRSA bacteremia,
endocarditis and meningitis (50). In a randomized, controlled
trial, TMP-SMX (used in 21 patients) was found to be as effec-
tive as vancomycin (used in 26 patients) for those with MRSA
infections including bacteremias, although TMP-SMX appeared
to be less effective for the treatment of patients with infection
due to susceptible strains of S aureus (Table 1) (51). Increasing
resistance to TMP-SMX in MRSA has been reported, limiting
its use (44). Currently, approximately 40% to 50% of MRSA
isolates in Canadian hospitals are resistant to this agent (6).

Fluoroquinolones
When fluoroquinolones such as ciprofloxacin were first intro-
duced into clinical practice, staphylococci were uniformly sus-
ceptible to this class of drugs. There was optimism about the
role fluoroquinolones might play in the treatment of MRSA
infections and the eradication of MRSA colonization (52).
However, rapid emergence of ciprofloxacin resistance in
staphylococci, especially in MRSA, occurred (53,54).
Currently, the vast majority of MRSA isolates in Canada are
resistant to ciprofloxacin (6).

More recently, newer fluoroquinolones with enhanced in vit-
10 activity against Gram-positive organisms have become avail-
able. Although drugs such as moxifloxacin, gatifloxacin and
gemifloxacin have enhanced activity against staphylococci and
MRSA (MICy, 0.5 to 8.0 pg/mL) (55-58), there have been no
published reports describing the use of these agents for the treat-
ment of MRSA infections. Currently available fluoroquinolones
are not recommended for the treatment of MRSA infections.

Rifampin

Rifampin has bactericidal in vitro activity against staphylococ-
ci, including MRSA (59). However, there is rapid emergence
of resistance if this drug is used alone (60). Therefore, it has
been suggested that if rifampin is to be used, it should be used
in combination with another active agent. Such drug combi-
nations may result in synergistic activity against staphylococci
(61,62). The combination of rifampin and vancomycin has
been used successfully in the treatment of infections where
vancomycin alone appeared to fail (63). However, the combi-
nation of these two drugs may be antagonistic in vitro (64).
The clinical relevance of this observation is uncertain but it
has been recommended that combination therapy with
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rifampin be reserved for patients not responding to van-
comycin alone (34).

Fusidic acid

Fusidic acid interferes with protein synthesis and is bactericidal
against staphylococci at high concentrations (65). The drug is
available topically, orally and as an intravenous formulation.
Administration of the drug intravenously has been associated
with significant toxicity (granulocytopenia, hepatotoxicity,
thrombophlebitis). As with rifampin, resistance to fusidic acid
often emerges rapidly when the drug is used alone, particularly
when used to treat chronic infections (65-67). In a rabbit model
of endocarditis due to MRSA, fusidic acid alone was ineffective
and was associated with the emergence of resistance to the drug;
no resistance emerged if fusidic acid was used in combination
with vancomycin, although the combination was no more effec-
tive than vancomycin alone (67). In a small series of patients
with a variety of MRSA infections, 67% of the infections were
cured when intravenous fusidic acid was used in combination
with vancomycin, an aminoglycoside, or a fluoroquinolone (68).
However, resistance to fusidic acid in association with treatment
failure has also been reported to occur in a patient with MRSA
infection treated with a combination of vancomycin and fusidic
acid (69). Consequently, the role of fusidic acid in the manage-
ment of MRSA infections remains uncertain.

Quinupristin-dalfopristin

Quinupristin-dalfopristin is the first of the streptogramin com-
pounds to become available. The combination of quinupristin
and dalfopristin is synergistic and bactericidal against most
Gram-positive cocci, including MRSA (70). The drug also
appears to be active against most strains of lincosamide- and
erythromycin-resistant MRSA (71). Only a parenteral formu-
lation of quinupristin-dalfopristin is available.

There has been a small number of case reports, open label
studies and clinical trials that have demonstrated the efficacy
of quinupristin-dalfopristin in treating a variety of MRSA
infections. In many patients, quinupristin-dalfopristin was giv-
en in combination with other drugs (such as vancomycin or
rifampin) (70,72-74) and in some cases, the drug was used in
patients who had failed prior therapy (74,75). In one multi-
centre, randomized, controlled trial, quinupristin-dalfopristin
was compared with vancomycin for the treatment of nosoco-
mial pneumonia (Table 1) (76). In the 38 patients in whom
MRSA infection was identified, there was no significant differ-
ence in outcome with either agent. Two multicentre trials of
quinupristin-dalfopristin in hospitalized patients with compli-
cated skin and soft tissue infections were reported by Nichols
et al (Table 1) (73). Although a total of 562 patients were
enrolled in these studies, only 15 with documented MRSA
infection were evaluable. No difference in outcome was found
in the quinupristin-dalfopristin-treated group compared with
those treated with vancomycin.

In the relatively short time since the introduction of quin-
upristin-dalfopristin, the development of streptogramin resist-
ance in MRSA has been reported (77,78). In at least one case,
resistance to quinupristin-dalfopristin emerged in an MRSA
isolate with reduced susceptibility to vancomycin (78).

Linezolid
Oxazolidinones are chemically distinct synthetic antibacterial
agents that inhibit protein synthesis by binding to the 508
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ribosomal subunit and thereby inhibit the binding of mRNA
to the ribosome at the initiation of translation. Linezolid is the
first of this class of compounds to become available but there
are several other related agents under development. The drug
may be administered intravenously or orally. Linezolid is active
in vitro against Gram-positive cocci, including staphylococci
and MRSA, with MIC,, generally reported to be approximately
2 pg/mL (79). However, it is important to note that linezolid
has bacteriostatic activity against staphylococci and there is no
synergy in vitro if linezolid is combined with vancomycin or
rifampin (80). Prolonged treatment with linezolid has been
associated with the development of reversible thrombocytope-
nia and myelosuppression (81). Linezolid has been used for the
treatment of a variety of MRSA infections, although there is
still little experience with the use of this drug in bacteremic
infections (82). Two cases of MRSA endocarditis failed to
respond to treatment with intravenous linezolid but were sub-
sequently treated successfully with other agents (83). The first
clinical MRSA isolate resistant to linezolid was recently
reported (84).

There have been two published randomized, controlled tri-
als with linezolid in patients with MRSA infections (Table 1).
Stevens et al (85) randomized 460 patients with suspected
MRSA infections to receive either linezolid (600 mg bid) or
vancomycin (1 gm bid). MRSA infection was confirmed in
108 evaluable patients; none of these patients was bacteremic.
The two drugs demonstrated equal efficacy. Rubinstein et al
(86) conducted a multicentre, randomized, controlled trial
comparing linezolid with vancomycin for the treatment of
nosocomial pneumonia. MRSA was recovered from 31 of the
296 patients enrolled in the study. No significant difference in
outcome was found in this subset of patients (nor was there a
difference in outcome for the entire study population).
Preliminary results of a study comparing linezolid with van-
comycin for treatment of hospitalized patients with MRSA
infection indicated that patients randomized to treatment with
linezolid could be discharged home earlier because of the avail-
ability of an oral formulation of the drug (87).

Investigational compounds

The mechanism of beta-lactam resistance in MRSA involves
the production of penicillin-binding protein (PBP) 2a with
low affinity to beta-lactam compounds specified by the mecA
gene. However, new beta-lactams have recently been devel-
oped that appear to bind to PBP 2a in staphylococci. RW]J-
54428 is an investigational parenteral cephalosporin that is
able to bind to PBP 2a and has been found to be active against
MRSA, including strains with reduced susceptibility to van-
comycin (MICyy, 2 pg/mL) (88). New carbapenems (eg,
L-695,256 and SM-17466) able to bind to PBP 2a with a high
degree of affinity have also been developed. These drugs appear
to be active in vitro against MRSA strains (89,90) and
L-695,256 appears to be as effective as vancomycin in an ani-
mal model of endocarditis (89).

New glycopeptides are being evaluated, including a com-
pound designated oritavancin (LY333328) which appears to
have in vitro activity against MRSA comparable to that of van-
comycin, but is more rapidly bactericidal (91). New oxazolidi-
none agents (such as AZD2563) are also being evaluated (92).

Glycyleyclines are derivatives of tetracycline or minocy-
cline, and have been found to have activity against many tetra-
cycline-resistant organisms, including MRSA (93).
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Newer fluoroquinolones and desfluoroquinolones (eg,
garenoxacin, formerly BMS 284756) have been developed
with enhanced activity against Gram-positive organisms (94).
These agents appear to be more active in vitro against staphy-
lococci, including MRSA, than ciprofloxacin, levofloxacin
and gatifloxacin. Sitafloxacin is an investigational fluoro-
quinolone that has been used to treat MRSA infections in a
small number of patients. In an open label study involving 11
patients with MRSA infections who failed therapy with a gly-
copeptide, treatment with sitafloxacin resulted in a successful
outcome in four patients, treatment failure in six and indeter-
minate outcome in one patient (95).

Daptomycin (LY146032) is an acidic lipopeptide that
inhibits synthesis of lipotechoic acid. It appears to be bacteri-
cidal against staphylococci with in vitro activity that is com-
parable to that of glycopeptides such as vancomycin and
teicoplanin (96,97). It has also been found to have activity
against strains of MRSA with reduced susceptibility to van-
comycin (97). Daptomycin appears to be effective in treating
MRSA infections in a number of animal models but there is
limited clinical experience, and concerns about toxicity may
limit its use in humans (98,99).

Everninomicins are oligosaccharide antimicrobials with
broad-spectrum activity against Gram-positive organisms.
Evernimicin (formerly SCH 27899) is the first of this class of
drugs to be evaluated, has been found to be active against
MRSA (MIC,, less than 1.0 ug/mL), and also appears to be
more potent in vitro than vancomycin and quinupristin-
dalfopristin (100).

The available data for all of these investigational com-
pounds are limited, and many of these drugs are currently
undergoing phase II and III studies. Although the preliminary
results with these agents are promising, further clinical studies
are required in order to determine their comparative efficacy
and safety, and to determine their potential role in the man-
agement of MRSA infections.

VISA and VRSA strains

The clinical experience in treating infections caused by VISA
and VRSA is limited. However, thus far these strains have gen-
erally been susceptible to TMP-SMX, tetracycline and linezolid;
one clinical isolate was reported to be resistant to quinupristin-
dalfopristin (30,31,101). Patients have been treated with a
variety of antimicrobial agents, often in combination, includ-
ing vancomycin, aminoglycosides, TMP-SMX, rifampin, doxy-

cycline and linezolid (30,101).

TREATMENT OF MRSA COLONIZATION
Eradication of MRSA carriage (decolonization), if effective,
could be used to prevent the development of subsequent infec-
tion in colonized patients or as part of infection control strate-
gies to limit transmission of the organism in health care settings.
There are clinical trials of eradication therapy in colonized
health care workers (generally healthy adults) (102-104).
However, there are fewer data available determining the effec-
tiveness of such therapy in hospitalized patients. An important
consideration in evaluating the efficacy of treatment to eradi-
cate MRSA is the extent of colonization. It may be more diffi-
cult to eradicate MRSA from individuals with extranasal sites of
colonization such as the perineum, wounds or catheter exit sites
(105). Other relevant factors include the susceptibility of the
MRSA strain to the antimicrobial agent being used for

Can J Infect Dis Vol 15 No 1 January/February 2004



TABLE 2

Management of infection and colonization due to MRSA

Summary of characteristics and results of clinical trials of antimicrobial agents used for eradication of methicillin-resistant

Staphylococcus aureus (MRSA) colonization

Reference (year) n Interventions Length of follow-up (days) Results
53 (1990) 21 Ciprofloxacin 180 30% eradication with
+ rifampin x14 days ciprofloxacin vs
vs TMP-SMX 40% with TMP-SMX
+ rifampin x14 days (RR 0.6; 95% Cl1 0.2to 1.9)
106 (1993) 80 Novobiocin 14 67% eradication with
+ rifampin x7 days novobiocin vs
vs TMP-SMX 53% with TMP-SMX
+ rifampin x7 days (RR 1.3; 95% CI1 0.9 to 1.6)
107 (1994) 35 Rifampin x5 days vs 90 70% eradication with rifampin
minocycline x 5 days vs vs 14% with no treatment
rifampin + minocycline x5 days (RR 4.9, 95% CI 0.8 to 31.5);
vs no treatment 38% eradication with minocycline
vs 14% with no treatment
(RR 2.6; 95% CI1 0.35 to 19.9)
50% eradication with rifampin +
minocycline vs 14% with no treatment
(RR 3.5; 95% CI 0.5 to 23.8)
108 (1995) 72 Mupirocin ointment x5 days 90 74% eradication with mupirocin
vs fusidic acid ointment vs 71% fusidic acid + TMP-SMX
+ TMP-SMX x5 days (RR 1.1; 95% CI1 0.6 to 1.9)
105 (1999) 102 Mupirocin ointment 26 25% eradication with mupirocin
vs placebo x5 days vs 18% with placebo
(RR 1.4; 95% CI 0.6 to 3.0)
109 (2000) 16 Fusidic acid orally x7 days 14 t0 77 33% eradication with fusidic acid

Vs no treatment

vs 50% with no treatment
(RR 0.7; 95% C1 0.2 to 2.4)

TMP/SMX Trimethoprim-sulphamethoxazole; Vs Versus

decolonization. Moreover, persistence of MRSA colonization
may actually be due to the acquisition of a new strain of MRSA
rather than failure of eradication therapy. These factors need to
be considered when evaluating the efficacy of antimicrobial
agents for eradicating MRSA colonization.

Six randomized, controlled trials of topical or systemic
agents used for MRSA decolonization in hospitalized or long
term care facility patients have been reported (53,105-109)
and are summarized in Table 2. A variety of drugs was used,
including topical and oral agents. Three of the trials included
a placebo or no treatment group. The percentage of patients
with nasal MRSA colonization alone was reported in five stud-
ies and ranged from 26% to 100% (105-109). Percentages of
cutaneous site (including ischemic or decubitus ulcers) colo-
nization were reported in four studies and ranged from 7% to
46% (105,106,108,109). Eradication of MRSA on day 14 post-
treatment was the most frequently reported outcome. Only
one study reported the occurrence of MRSA infection (105).
Five of the studies were conducted in acute care hospitals
(53,105,106,108,109) and one in long term care facilities
(107). No statistically significant difference in overall MRSA
eradication was identified in any of the studies, although most
were small and not adequately powered. The confidence inter-
vals were generally wide and do not exclude clinically impor-
tant effects. In one study, mupirocin was found to be less
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effective in eradicating extranasal MRSA than was topical
fusidic acid and oral TMP-SMX (108).

Only one study reported data regarding MRSA infection as
an outcome: Harbarth et al (105) randomized 102 patients in a
Swiss university hospital to five days of treatment with
mupirocin ointment or to placebo. Ten MRSA infections
occurred (five skin or wound infections, four urinary infections
and one osteomyelitis). Three (7%) infections were in the
mupirocin group and seven (14%) in the placebo group
(RR 0.47;95% CI 0.13 to 1.70).

These clinical trials also examined the emergence of
antimicrobial resistance to the agents used. In one study,
strains with low level resistance to mupirocin (MIC 8 to
64 pg/mL) were documented in 23 participants (11 in the
mupirocin group and 12 in the placebo group) but no isolates
demonstrated higher levels of resistance (110). In the study by
Chang et al (109), all pretreatment isolates were susceptible to
fusidic acid but, following treatment with this agent, resistance
developed in two strains. Similarly, Muder et al (107) found
increased rifampin MICs in four patients receiving rifampin,
and an increase in minocycline MICs was noted in post-thera-
py isolates from three patients. Resistance to ciprofloxacin and
rifampin developed in MRSA isolates from patients treated
with these drugs (53). In contrast, none of the strains from 12
patients treated with either mupirocin or fusidic acid and
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TMP-SMX who had a relapse of MRSA developed resistance in
the study by Parras et al (108).

Adverse events were reported in three of the clinical trials
(53,106,108). Nasal discomfort was associated with use of top-
ical agents (mupirocin or fusidic acid) (108). Nausea and vom-
iting due to TMP-SMX, ciprofloxacin or rifampin were
reported (53,108). Leukopenia or abnormal liver function tests
were also identified in a small number of individuals receiving
either rifampin or TMP-SMX (53,106).

In summary, there is insufficient evidence to support use of
topical or systemic antimicrobial therapy for eradicating nasal
or extranasal colonization with MRSA. There is no demon-
strated superiority of either topical or systemic therapy, nor of
a combination of these agents. The use of topical or systemic
drugs can lead to the development of resistance to the antimi-
crobial agent used for eradication.

INFECTION CONTROL STRATEGIES FOR THE

MANAGEMENT OF MRSA IN HOSPITALS
A variety of infection control measures has been recommend-
ed for the management of hospitalized patients with MRSA
infection or colonization in order to prevent transmission of
the organism (111-113). Recommendations have included
screening or surveillance to identify asymptomatic MRSA car-
riers, meticulous hand hygiene when providing patient care,
implementation of isolation or barrier precautions, cohort
nursing, decolonization therapy of colonized patients, and
screening and decolonization of health care providers. The
effectiveness of handwashing in removing MRSA from the
hands of health care providers was demonstrated 20 years ago
(11). However, the effectiveness of most other individual con-
trol measures has rarely been evaluated because several control
measures have generally been implemented concurrently to
control an outbreak or to lower endemic MRSA infection
rates.

Screening and surveillance
Studies have demonstrated that isolation of patients identified
as having MRSA from clinical specimens only was unsuccess-
ful in controlling MRSA transmission or reducing nosocomial
MRSA rates (11,114). In contrast, screening high risk patients
for the presence of MRSA followed by implementation of iso-
lation or barrier precautions for those found to be infected or
colonized has been shown to be effective in controlling MRSA
outbreaks in hospitals and long term care facilities (115-119),
and in reducing nosocomial transmission and overall preva-
lence in facilities where MRSA is endemic (11,110,120-125).
Jernigan et al (118,121) reported a 15-fold decrease in trans-
mission of MRSA in a hospital when colonized patients were
recognized by a screening program and then cared for with iso-
lation precautions, compared with when isolation precautions
were used only in patients recognized to have MRSA from
clinical specimens. Screening patients admitted to a high risk
in-patient unit, such as an intensive care unit, was found to be
successful in reducing MRSA acquisition rates from 5.8% to
2.6% (P=0.002) and this was associated with a significant
decrease in MRSA infection rates (123). Several studies have
also documented that screening programs to identify colonized
patients with MRSA are cost effective in limiting nosocomial
transmission of MRSA (121,124,126).

Although extremely variable, MRSA carriage tends to
be prolonged, for months or even years. The half-life of
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MRSA colonization in patients previously known to have
been MRSA carriers and then subsequently readmitted to
hospital has been estimated to be approximately 40 months
(127). Therefore, it has been recommended that an ‘alert’
system be implemented to identify patients previously
known to have had MRSA on readmission to hospital so
that they can be screened and placed into isolation if appro-
priate. Outcomes associated with this recommendation
have not been evaluated.

Isolation and barrier precautions

Contamination of the inanimate hospital environment of
patients with MRSA occurs frequently. In one study, 69% to
73% of the rooms with MRSA patients were contaminated
(128). Moreover, the gloved hands of personnel entering the
rooms of MRSA patients frequently became contaminated by
touching contaminated environmental surfaces even without
direct contact with patients (128). Gowns worn by health care
providers also often became contaminated. These findings sup-
port recommendations for use of a private room, gloves and
gowns when caring for patients with MRSA infection or colo-
nization. Jernigan et al (118) reported that contact isolation
(private room; use of gloves for manual contact with the
patient or potentially contaminated surfaces; gown use for
direct patient contact; mask worn when within 1.5 m of the
patient) interrupted nosocomial transmission of MRSA.
MRSA transmission was 16 times more frequent from noniso-
lated patients compared with those in isolation.

Screening high risk patients and subsequent implementa-
tion of barrier precautions (such as contact isolation) resulted
in reduced MRSA transmission and in a 30% reduction in
MRSA infections in one study (124). Moreover, a cost benefit
analysis determined that this strategy would be cost effective
even with just a 14% reduction in MRSA infection rates. At
the University Hospitals of Geneva, the implementation of
control measures that included high risk patient screening,
contact isolation, a computerized ‘alert’ system and
a hand hygiene campaign was followed by a decrease in noso-
comial MRSA rates from 0.60 cases per 100 admissions in 1993
to 0.24 cases per 100 admissions in 1997 (P<0.001) (110). This
was also associated with a decrease in MRSA infection rates
and bacteremia rates.

Decolonization of colonized patients or staff

Decolonization therapy of colonized hospital in-patients has
been used to reduce the reservoir of MRSA during outbreaks
(129-131). This strategy has been effective when combined with
other interventions including MRSA screening and implemen-
tation of barrier precautions. Similarly, decolonization therapy
of hospital health care providers with nasal MRSA colonization
has also been used as part of outbreak management
(129,130,132). However, because decolonization therapy has
invariably been implemented concurrently with other interven-
tions, it is difficult to determine the attributable effect of this
strategy.

RECOMMENDATIONS
Specific recommendations for the management of patients
infected or colonized with MRSA are listed below. The recom-
mendations have been classified into five levels based on the
quality of evidence (Table 3) and have been used previously in
Position Papers of the Canadian Infectious Disease Society
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(133). Specific infection prevention and control guidelines are
not included but interested readers may refer to published

guidelines (12,111,112,134).

Treatment of MRSA infection
Vancomycin is the treatment of choice for serious or invasive
MRSA infections (Level II).

Alternative agents that may be considered for the treat-
ment of MRSA infections include clindamycin, TMP-SMX,
minocycline, quinupristin-dalfopristin or linezolid, provided
the organism is susceptible in vitro to these agents (Level II).
Insufficient data are available to make any recommendations
regarding the effectiveness of drug combinations for the treat-

ment of MRSA infections.

Eradication of MRSA colonization

At present, there is insufficient evidence to support the routine
use of topical or systemic antimicrobial therapy for eradicating
MRSA colonization in patients (Level IV).
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