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Can we do better in controlling and preventing
methicillin-resistant Staphylococcus aureus (MRSA)
in the intensive care unit (ICU)?
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Abstract Methicillin-resistant Staphylococcus aureus
(MRSA) is prevalent in many hospitals, but many of its
most serious clinical manifestations, such as bloodstream
infection and ventilator-associated pneumonia, are seen in
the intensive care unit (ICU). Many interventions to prevent
and control MRSA were initially pioneered in the ICU and
subsequently extended to the rest of the hospital. Recent
studies confirm how many of these are effective. Active
surveillance reveals higher numbers of cases when compared
with the sole use of clinical specimens to identify MRSA-
positive patients. Although one recent study from the UK has
suggested that isolation has no impact on MRSA transmis-
sion in the ICU, current recommendations include isolation
or cohorting, combined with decolonisation (e.g., mupirocin
to the nose and chlorhexidine baths) as major control
measures. However, the excessive use of mupirocin for
nasal MRSA decolonisation leads to resistance. Improved
compliance with hand hygiene recommendations and better

antibiotic stewardship are also important. Rapid diagnosis
such as PCR may utilise isolation facilities more effectively
by identifying MRSA patients earlier. However, all these
measures must be combined with adequate numbers of staff
and suitable space and facilities, e.g., single rooms, to be
maximally effective. Finally, while much can be done within
the ICU itself, MRSA in the ICU often reflects the dif-
ficulties elsewhere in the acute hospital and the health
service generally, in terms of the control and prevention of
healthcare-associated infection.

Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a
worldwide cause of healthcare-associated infection, and
many of its more serious clinical manifestations are seen in
the intensive care unit (ICU). The prognosis from MRSA
infections is often more grave than that from infections
caused by methicillin-susceptible S. aureus (MSSA). In a
meta-analysis of 31 cohort studies of S. aureus bacteraemia,
mortality was significantly higher with MRSA than with
MSSA [1]. Although controversies remain about the
optimal diagnosis of ventilator-associated pneumonia
(VAP), in patients with infection caused by MRSA, the
median length of ICU stay is significantly longer even
when patients receive appropriate initial antibiotic treatment
[2]. The additional length of stay in ICU, the requirement
for additional investigations and the use of more expensive
antibiotics mean that MRSA has a significant impact on
ICU costs. The cost attributable to MRSA infection was
$9,275 during the mid-1990s in a French ICU, and after
assessing the likely costs of control measures themselves, it
was considered cost effective to have an effective control
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programme in place to reduce infection [3]. Strategies to
control and prevent MRSA include active surveillance with
screening to identify cases, antibiotic stewardship, decolo-
nisation or MRSA eradication from carriage sites, isolation,
appropriate general infection prevention measures, such as
hand hygiene, and adequate numbers of staff [4].

The principles of control and prevention of MRSA in the
ICU are broadly similar to those in the rest of the hospital,
and indeed many of them were first implemented in the
ICU. However, there are particular challenges in applying
such measures to an acutely ill patient population where
patients require multi-therapeutic and diagnostic interven-
tions, often as an emergency, and/or, in less than ideal
circumstances. Recent published studies have emphasised
the importance of MRSA in critically ill patients, but also
that prevention and control measures are effective.

Surveillance

MRSA rates vary, and this partly depends on the approach
to detection, i.e., surveillance and screening. Recent data
from German ICUs that take part in a national surveillance
system reveal that the percentage of total isolates of S.
aureus that are MRSA ranges from 0% to 64%, with a
mean of 24% [5]. In North America, clinical specimens
indicate that prevalence varies, but that without routine
surveillance of MRSA, the occurrence of MRSA is
significantly underestimated [6, 7]. In one study, routine
surveillance for MRSA on admission, weekly screens and
screening on discharge increased the detection of MRSA by
58% compared to the use of clinical specimens alone [7].

In an interrupted time series, Huang and colleagues
assessed the effect of maximally sterile central venous
catheter placement, the introduction of alcohol hand rubs, a
hand hygiene campaign and enhanced ICU surveillance of
MRSA infections [8]. Over a period of 16 months, the
incidence of MRSA in the bloodstream in the ICU
decreased significantly. Routine surveillance cultures and
subsequent contact isolation precautions were considered to
be the most influential interventions in achieving this
reduction, even if the study could not specifically quantitate
the contribution of each intervention [8]. In a medical and
surgical ICU in Denver, CO, active surveillance on
admission, and weekly thereafter, resulted in a statistically
significant fall in noscomial MRSA infections, i.e., from
4.5 to 2.8 infections per 1,000 days [9]. This decrease in
MRSA infections is encouraging despite the emergence in
North America and in some other countries of increasing
numbers of community-associated MRSA where patients,
not previously exposed to healthcare, may present to acute
hospitals with MRSA, adding to the overall burden of
MRSA in the ICU.

Isolation, cohorting and decolonisation

Isolation or patient cohorting is a major component of any
MRSA control policy. However, in a prospective 1-year
study in three intensive care units in London, there was no
difference in the rate of transmission when patients with
MRSA were or were not isolated [10]. However, this study
was characterised by sub-optimal patient screening, the
failure to provide designated non-nursing as well as nursing
staff for patients in MRSA isolation, poor compliance with
hand hygiene protocols (i.e., only 21%), and delays in the
availability of MRSA results, leading to patients who were
positive not being isolated for 2 or more days. Intuitively,
isolation makes sense, and this is borne out in part by some
anecdotal reports involving ICUs that, however, fall short
of being considered randomised trials. In a 14-bed
combined medical and surgical ICU in Montreal, Canada,
MRSA acquisition was higher in open bays than in single
rooms, despite the fact that the sickest patients were often
to be found in single isolation rooms [11]. Surgical ICUs in
Germany were found to be an independent risk factor for
MRSA infection, and the routine isolation of patients with
MRSA was a protective factor on multivariate analysis of
national surveillance data [12].

Decolonisation, usually with a combination of mupirocin
to the nose and body washes using chlorhexidine or an
equivalent, are a component of most MRSA control pro-
grammes. However, a recent systematic review of interven-
tions to prevent and control MRSA has emphasised that the
currently available evidence does not support the routine use
of topical and or systemic antimicrobial therapy in every
colonised patient for eradicating nasal and extra-nasal MRSA
[13]. However, in the ICU a case can be made for the routine
decolonisation of many patients colonised with MRSA,
given the clinical consequences for the colonised patient
developing serious infection, e.g., bloodstream infection
against a background of multiple organ failure, and the risk
of spread to other vulnerable patients. In a non-controlled
study of over 2,000 patients in a 13-bed general ICU, 2%
mupirocin applied to the nose three times daily for 5 days
and a chlorhexidine bath once daily for 3 days resulted in a
fall in nosocomial MRSA infections and a statistically
significant reduction in all S. aureus infections [14]. The
widespread use of mupirocin leads to resistance, and this
occurs in patients administered repeated courses, especially
where MRSA colonisation is associated with a device, e.g.,
an endotracheal tube, that needs to remain in situ for a
prolonged period. Of 302 MRSA isolates recovered from
patients in a surgical intensive care unit, 13.2% were
mupirocin resistant, and this was more likely to occur in
older patients and was associated with a higher mortality
[15]. MRSA eradication from the nose in the setting of
mupirocin resistance is challenging, as the options are
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limited and the use of systemic antibiotics, such as
rifampicin, fusidic acid, co-trimoxazole, etc., may be
associated with severe side effects.

Hand and environmental hygiene

Hand hygiene is another key component of any infection
prevention strategy, but it is often difficult to determine the
impact of increased compliance when other measures are
being undertaken at the same time. In a longitudinal
observational study of a 350-bed tertiary referral hospital,
which included a 35-bed intensive care unit, the introduc-
tion of antimicrobial hand hygiene gel to the intensive care
unit and a hospital-wide MRSA surveillance feedback
programme resulted in a reduction in the rate of new
patients with MRSA in the ICU [16]. This was accompa-
nied by an increase in the use of hand hygiene products
from 78.1 litres per 1,000 patient days to 102.7 litres per
1,000 patient days [16]. While actual compliance with hand
hygiene recommendations is preferable as an indicator of
improved practice, measuring the consumption of hand gel
is an indication of improved practice. However, hand
hygiene compliance levels are often linked to patient-staff
ratios, particularly nursing staff levels. In a cohort study of
a 12-bed ICU, observation of 125 staff-patient contacts
revealed 59% compliance with hand-hygiene procedures,
and on multivariate analysis, exposure to relative staff
deficits was the only variable significantly associated with
clustered cases of MRSA [17]. The authors predicted that
an average increase of 12% in hand hygiene compliance
would have significantly limited transmission potential.

Environmental hygiene may also be important in MRSA
control, but the literature by and large fails to suggest a
direct correlation between MRSA in the environment and
infection rates. Although a recent study carried out in a
non-ICU clinical area showed heavy contamination of
environmental surfaces and positive air samples and
demonstrated that 70% of patient and environmental
isolates were indistinguishable [18], it can’t be assumed
that patients acquired their isolate from the environment. In
a recent UK study of 114 ICU patients, 47 bed areas were
found to be contaminated with MRSA, but only one patient
developed infection with an MRSA strain identical to that
in that patient’s environment [19].

Rapid detection

Current techniques to detect MRSA are slow and somewhat
cumbersome. However, rapid diagnostic tests, which
include the use of PCR, offer hope for early identification
of positive patients (i.e., within hours rather than 2–3 days)

and consequently the possibility of earlier isolation and the
institution of barrier precautions. Initial non-controlled
trials offer promise in this area. In a study from Switzer-
land, PCR to detect MRSA decreased the overall time to
notification, but only when this was combined with pre-
emptive isolation was there a significant reduction in
MRSA infections in a medical ICU; there was no change
in the surgical ICU [20]. Cunningham and colleagues in
Plymouth, UK, demonstrated a mean reduction in the
incidence of transmission from 13.89 per 1,000 patient
days to 4.9 per 1,000 patient days in critical care patients,
following the introduction of PCR to detect MRSA
colonisation [21]. The earlier identification of patients
carrying MRSA may also be used to guide appropriate
antimicrobial chemotherapy in those patients not respond-
ing to antibiotics [22].

Mathematical modelling

Mathematical modelling using simulated scenarios has helped
determine the relative impact of different measures on MRSA
transmission even if conclusions from such studies are only as
good as the quality of the model itself. In one such model, it
has been suggested that although eradication of endemic
MRSA is possible, it is far easier to prevent MRSA from
becoming endemic in the first place [23]. Furthermore, the
level of resource provision and the chance to combine a
number of different interventions will determine whether
such measures succeed or fail. In a model using four
compartments, applied specifically to the intensive care unit
of an 800 bed tertiary referral hospital, daily prevalence data
were collected over 999 days [24]. The model predicted that
MRSA acquisitions would increase substantially if hand
hygiene compliance fell below 40% and that MRSA
decolonisation attempts have only a modest impact on
transmission. A recent study that combined many of the
components of current models such as early identification of
MRSA patients, isolation and patient decolonisation, resulted
in reduced MRSA rates, a fall in mean ICU length of stay
and also a decline in bloodstream infection due to coagulase
negative staphylococci [25].

While control measures are often effective in the ICU in
preventing and controlling MRSA despite the particular
challenges that exist in this clinical area, such as high bed
occupancy levels, inadequate numbers of isolation rooms
and, in many ICUs, insufficient numbers of nursing staff,
the aggressive enforcement of known control measures in
the form of healthcare bundles markedly reduces health-
care-associated infections; in one study central-line-associ-
ated sepsis and bloodstream infections were practically
eradicated [26]. Similarly, there is a strong case to be made
for the utilization of care bundles applied to antimicrobial
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prescribing in the ICU where assertive antibiotic steward-
ship programmes can result in reducing unnecessary
antibiotic use [27].

Conclusions

In healthcare systems where MRSA is endemic, and where
patients re-admitted to the hospital have a high likelihood
of MRSA, e.g., Ireland, the UK, Spain, etc., the emphasis
may be on control. In contrast, prevention and eradication
are possible where MRSA levels are very low, e.g., the
Netherlands and the Scandinavian countries. Nonetheless,
recent studies demonstrate the possibilities of real reduc-
tions in MRSA in the ICU when well recognised
interventions are successfully implemented. A combination
of earlier detection of MRSA, isolation with selective
patient decolonisation, compliance with best professional
practice, such as with hand hygiene and antibiotic steward-
ship, will reduce MRSA colonisation and infection in the
ICU, and given the severity of illness in such a group of
patients, will almost certainly lead to reduced bed stay and
reduced morbidity and contribute to improving mortality
rates. However, the ICU is not an isolated clinical area, but
rather exists and provides a key clinical service in a
healthcare environment that often fails to adequately
prevent and control healthcare-associated infection through
inadequate space and isolation facilities and as a conse-
quence of deficiencies in staffing.
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