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Background: Meticillin-resistant Staphylococcus aureus (MRSA) has been entrenched in
Singapore hospitals since the 1980s, with an excess of 600 non-duplicate cases of in-
fections (120 bacteraemia episodes) each year in our 995-bed university hospital.
Approximately 5% of our hospital beds are used as isolation facilities.
Aim: To study the impact of an MRSA control bundle that was implemented via gradual
geographic extension across hospital wards.
Methods: The bundle included active surveillance on admission and transfer/discharge to
identify ward-based acquisition of MRSA, isolation and cohorting of MRSA-infected pa-
tients, enhanced hand hygiene initiatives, and publicly displayed feedback of MRSA
acquisition and hand hygiene compliance rates. Implementation was between October
2006 and June 2010 in order to provide lead-time for the incremental development of
infrastructural capacity, and to develop an ethic of infection prevention among staff.
Results were analysed via interrupted time-series analysis.
Findings: MRSA infections fell midway through the implementation, with MRSA bacter-
aemia declining from 0.26 [95% confidence interval (CI): 0.18e0.34] cases per 1000
inpatient-days in the first quarter of 2004 to 0.11 (95% CI: 0.07e0.19) cases per 1000
inpatient-days in the first quarter of 2012. MRSA acquisition rates fell a year after the
programme had been fully implemented, whereas hand hygiene compliance rose signifi-
cantly from 47% (95% CI: 44e49) in the first quarter of 2009 to 69% (95% CI: 68e71) in the
first quarter of 2012.
University Health System, NUHS Tower Block, 1E Kent Ridge Road, Level 10, Singapore 119228,
9 4112.
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Conclusion: Successful staged implementation of an MRSA bundle in a hyper-endemic
setting is sustainable and represents a model that may be adapted for similar settings.
ª 2013 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction The intervention
Since the worldwide establishment of healthcare-
associated meticillin-resistant Staphylococcus aureus (MRSA),
sustainable reductions have been demonstrated in several
parts of the world. The Netherlands has maintained MRSA
levels of <1.0% and managed outbreaks successfully using a
search and destroy policy.1 Scandinavian countries and West-
ern Australia cite similar success stories, as has the Veteran
Affairs chain of hospitals in the USA after the establishment of
an MRSA bundle.2e5 More reports from across Australia, France,
and the UK have also shown significant reductions in MRSA in-
fections in the last few years.6e9

Effective interventions for controlling MRSA transmission in a
hospital setting are well known and include active surveillance,
improving hand hygiene compliance, and isolating all MRSA
cases, whereas general strategies such as obtaining focused and
committed hospital leadership are critical towards lowering
implementation barriers and improving sustainability.1,4,5,10

Such successes are rare in Asia and parts of the world where
MRSA is hyper-endemic, and where high antimicrobial resis-
tance rates in other nosocomial bacteria result in competition
for limited resources and isolation facilities e infrastructural
hurdles that have been difficult to overcome.11,12

Estimates of the burden of MRSA in Singapore and at the
National University Hospital of Singapore (NUH) have
been published in separate reports which describe the issue
microbiologically, and clinically.13,14 More than 600 MRSA in-
fections including at least 120 bloodstream infections were
previously seen per year at NUH. The sheer volume of cases
coupled with infrastructural and societal constraints tradi-
tionally has hindered MRSA control efforts here. Few beds are
available for contact isolation despite 42 negative pressure
isolation rooms being built after the severe acute respiratory
syndrome (SARS) outbreak in 2003. There is insufficient ca-
pacity to isolate all MRSA patients, as they constitute up to 15%
of all inpatients, and prioritizing MRSA would impair the ability
to isolate or cohort patients with other transmissible dis-
eases.15 Adding to the problem is the average daily bed occu-
pancy rate exceeding 85% e the result of a recent, rapid
population boom in Singapore.

In 2006, the senior hospital management at NUH, in response
to endemic rates of MRSA infections of 40% and large numbers of
clinical infections, called for a more aggressive response. We
describe our strategy to contain MRSA in a hyper-endemic hos-
pital with infrastructural constraints and its implementation, as
well as analyse its impact via time-series analysis.

Methods

Study design and setting

We conducted a prospective interrupted time-series study
at NUH e a 995-bed acute care tertiary university in Singapore.
The intervention (described further below) was implemented
via gradual geographic extension between October 2006 and
June 2010.
The intervention comprised a series of MRSA control mea-
sures put together as a bundle, and included:

� Active surveillance for MRSA carriage. This consisted of
swabsof nares, axillae and groin (plus anywounds) cultured
on chromogenic agar MRSA Select (Bio-Rad Laboratories,
Marnes-la-Coquette, France).16 Patients not known to have
MRSA had entry swabs, while those who had been in a
hospital ward >48 h, had no prior positive MRSA cultures
(screening or clinical) and had not died, also had exit swabs
upon discharge or transfer from the ward.

� Promotion of hand hygiene. This was done primarily via
educational and socio-behavioural measures. Hand hy-
giene education focused on the World Health Organization
(WHO) ‘five moments for hand hygiene’, which was audi-
ted. Continuous reminders were developed, including via
posters in wards, computer screensavers, and audio on
ward entry. Hospital-wide training programmes ran in 2009
and annually to coincide with the WHO World Hand Hy-
giene Day. All frontline clinical staff had to participate in a
compulsory 20min training programme and assessment
over one week on both years. A sticker placed on the staff
identification tag confirmed certification. All new staff
received the same programme at orientation. To further
reinforce the message, the clinical examination template
in the National University of Singapore final MBBS degree
stipulated a deduction in marks for failed hand hygiene.17

� Auditing of hand hygiene compliance. This was performed
primarily by appointed ward liaison nurses that had been
trained by infection control nurses, supplemented and
cross-checked by medical and nursing students who were
engaged via innovative educational programmes in which
they were trained as auditors and observed staff in their
work covertly.18

� Isolation or cohorting of MRSA-positive patients. Such
patients were placed in isolation or, more usually, in a
designated cohort cubicle, established on each ward.
Periodic snapshots of cohorting compliance were under-
taken. A close relationship between the bed management
unit and the project stakeholders was developed to
facilitate the siting of MRSA-positive patients.

� Public and regular feedback of results. Data on hand hy-
giene compliance and MRSA acquisition were posted on
ward-based ‘dashboards’ that had been requested by
hospital administration. The signage was publicly dis-
played, ward-specific and updated monthly.

� Other measures included a bare-below-the-elbows policy
for all clinical staff, coloured bracelets to identify all
colonized and infected patients, and cash rewards (of
around US$250) for exemplary performances by wards or
departments with regards to hand hygiene compliance
and MRSA transmission rates to enjoy a celebratory lunch
or similar.

� To ensure that any progress made was primarily due to
the MRSA bundle and not changes in prescribing
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habits, surveillance of major classes of antibiotics
(fluoroquinolones, carbapenems, third or fourth gener-
ation cephalosporins and vancomycin) was undertaken
from 2006 using pharmacy-based electronic data. This
was expressed as defined daily doses (DDD) per 1000
inpatient-days.

In order to fully implement this in an MRSA-hyper-endemic
hospital with infrastructural and resource constraints, the
MRSA bundle was implemented via planned gradual geographic
extension over 4 years e a few wards at a time. This would
allow lead-time for the incremental development of infra-
structural capacity in a number of areas including the number
of microbiology laboratory technical staff and an infection
control data management system. It was also believed that a
gradual introduction would help the growth of an ethic of
infection prevention among staff.

To improve the odds of sustainability, two actions were
undertaken simultaneously. First, an overall MRSA taskforce
was formed that included members of the senior hospital
management, comprising the chair of the medical board, chief
operations officer, director of nursing, the infection control
chair and a full-time MRSA data manager among others. Sec-
ond, an assessment of the local clinical and economic impact of
MRSA infections was undertaken.19

Outcome measures

The key indicators for improvement included:

� The incidence-density of all MRSA clinical isolates
(measured as the number of MRSA clinical specimens
cultured per 1000 inpatient-days, with duplicates within 2
weeks and same admission excluded). Uniform data have
been kept since 1999.

� The incidence-density of severe MRSA infections (MRSA
bacteraemia episodes per 1000 inpatient-days, excluding
duplicates within 2 weeks). Consistent data capture
dated back to 2004.

� The rates of MRSA acquisition during the inpatient stay
(the percentage of patients with positive MRSA clinical
specimen or exit swab on discharge in patients who tested
MRSA-negative on hospital admission). Such active sur-
veillance began in 2006.

� Hand hygiene compliance (the percentage of compliance
in all assessed hand hygiene opportunities). Standardized
audits began in 2008.

Collectively, these indicators would represent the overall
burden of MRSA infections in the institution, the likelihood of
MRSA acquisition in MRSA-naı̈ve patients during their hospital-
ization, and the overall infection control adherence among
healthcare staff. Process indicators included cohorting
compliance rates and active surveillance testing rates as well
as the results of hand hygiene compliance audits.

Statistics

Preliminary analysis of pre-intervention time-series yielded
non-significant autoregressive coefficients, suggesting that the
observed autocorrelations at lag 1 across the entire time-series
resulted from gradual changes in disease incidence rather than
inherent correlations between time-windows. Subsequent
analysis accounted for autocorrelation by modelling changes in
the mean incidence or proportion as a function of time. The
numbers of MRSA clinical cases and MRSA bacteraemia cases
per quarter were modelled as Poisson with mean m(t) per
hospital inpatient-day. Extending the model to negative bino-
mial to account for super-Poisson heterogeneity did not
improve the fit. The quarterly number of positive exit swabs
among initially non-colonized patients was assumed to be
binomial with proportion p(t). Both models used linear (on a log
or logit scale) changes in location with time, with a single
change in gradient allowed. For the number of MRSA or bac-
teraemia cases, the models have the form:

log mðtÞ ¼ a� bðt� sÞ 1ðt>sÞ � gðs� tÞ 1ðt < sÞ
where a quantifies average incidence at the temporal change
point, s, while b(g) characterizes per-quarter increase
(decrease) in incidence after (before) s, and 1(A)¼ 1 if A is true
and 0 otherwise. A similar model, replacing log m(t) by logit
p(t), was used for within-hospital colonization and handwash-
ing performance.

The parameters a, b, g and s, were inferred independently of
the time-course of interventions, thereby to assess the plausi-
bility that interventions coincided with the inferred change-
point, s. Because the likelihood surface suggested that the
maximum likelihood estimate of s, in particular, may not be
normally distributed, Bayesian methods were used to derive 95%
confidence intervals (CIs), taking uniform prior distributions over
the parameter support, using Markov chain Monte Carlo samplers
with 100,000 samples and every 10th retained, withmultivariate
normal proposals with covariance tuned on trial runs. Approxi-
mate P-values were obtained by extending credible intervals by
analogy to the relationship between P-values and the end-points
of confidence intervals. Point estimates reportedweremaximum
likelihood estimates or posterior modes. All analysis was per-
formed in the R statistical environment.20
Results

The programme was initiated in October 2006 in a single
orthopaedic ward, followed by a subsequent roll-out to all
targeted wards within the hospital that was completed by June
2010 (Figure 1). By the end of June 2008, all adult intensive
care units, and up to 30% of general wards including the ma-
jority of surgical general wards, had been included in the
programme. Figure 2 shows the incidence-density of all MRSA
clinical isolates since 1999, all MRSA blood isolates since 2004,
and MRSA acquisition rates since 2006.

There is strong evidence of a rising incidence of all MRSA
clinical cases until a peak in the first quarter of 2008 (95% CI:
Q1-2007 to Q2-2009) with a notable decline thereafter
(Figure 2a); this peak is consistent with the completion of the
roll-out by the end of the second quarter of 2008 (P¼ 0.57) but
not with the first roll-out of the programme in the fourth
quarter of 2006 (P¼ 0.005). The decline after the change-point
was 2.3 times (95% CI: 1.3e4.7) as rapid as the preceding rise.
The MRSA acquisition rate is presented in Figure 2b alongside
the modelled fit. Here, too, there is evidence of a change in the
acquisition rate over time, with a decelerating fall around the
first quarter of 2010 (95% CI: Q2-2009 to Q3-2011), i.e. around a
year after the control programme was fully rolled out. The
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empirical and modelled MRSA bacteraemia rates are presented
in Figure 2c. Here, there was a significant fall from 0.26 cases
(95% CI: 0.18e0.34) per 1000 inpatient-days in the first quarter
of 2004 to 0.11 cases (95% CI: 0.07e0.19) in the first quarter of
2012, but no evidence of the fall levelling off, with the 95% CI
for a change-point spanning almost the entire period of
recorded data.

The evolution of hand hygiene compliance is displayed in
Figure 2d. Compliance rose significantly since audits started,
from 47% (95% CI: 44e49%) in the first quarter of 2009 to 69%
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Figure 3. Trends of defined daily doses (DDD) per 1000 inpatient-
days of major broad-spectrum antibiotics prescribed at our
institution.
(95% CI: 68e71%) in the first quarter of 2012. There was,
however, evidence that compliance stalled around the last
quarter of 2010 (95% CI: Q1-2010 to Q2-2011) with a rate of
change after that time that was not statistically distinguishable
from 0 (P ¼ 0.5).

Throughout the period of the study, the changes in con-
sumption of the antibiotics measured did not correlate with
the improvement in MRSA rates (Figure 3), and therefore
antibiotic prescription per se did not affect MRSA rates at our
institute.

Discussion

Our results reinforce the concept that an ‘MRSA bundle’
comprising standard well-known MRSA control measures is able
to bring down MRSA transmission and infection rates substan-
tially, even in a setting where MRSA is hyper-endemic.1,4,5

This study has shown significant declines in MRSA acquisi-
tions, all clinical specimens and also bacteraemias. Concur-
rently there was no decline in antibiotic prescribing habits.
Adding to the likelihood that the interventions caused the MRSA
improvements is the fact that vancomycin-resistant entero-
cocci and Clostridium difficile rates have increased at our
hospital (unpublished data) while multidrug-resistant Gram-
negative infection rates have remained stable.

Our approach can perhaps be extrapolated to other similar
settings, as it shows how implementation barriers in terms of
manpower, cultural and infrastructural constraints can be
overcome using a gradual and staged roll-out of the MRSA
bundle, with active involvement of senior hospital manage-
ment. Kotter broadly mapped out the process of initiating and
sustaining change efforts more than a decade ago.21

Sustainability is critical in such efforts, and requires cultural
change. Data management and communication was key to
sustaining the change. One full-time member of staff was
appointed to collate and feed performance metrics back to
ward-based healthcare workers, nurse managers, the infection
control team and senior management. Ward-specific hand hy-
giene compliance data from trained auditors and MRSA acqui-
sition rates were posted graphically each quarter in publicly
displayed dashboards on each ward.

Efforts toward prevention of MRSA acquisition and infec-
tion have become embedded in the culture of clinical medi-
cine at NUH. The plateau seen in the data after significant
gains suggests that the improvements are sustainable but that
better results are unlikely in the absence of further inter-
vention. Potential further interventions beyond those already
implemented include those related to technological
advancement or cutting edge research. Screening of health-
care staff was not implemented because of both operational
concerns e a significant proportion of staff are likely to be
colonized but it would be impossible to lay all of them off
work during the period required for MRSA decolonization as
well as the concern that MRSA recolonization would be com-
mon in a hyper-endemic setting.22 Nonetheless, this will be
considered in the future as MRSA rates fail to decline further.
Decolonization (of patients or staff) remains controversial
beyond some preoperative indications and further work in this
regard is underway at our institution. It is conceivable that
reducing the reservoir of MRSA may prevent transmission, and
therefore infection rates. The predictable development of
mupirocin resistance is of particular concern and evaluating



D. Fisher et al. / Journal of Hospital Infection 85 (2013) 141e148 147
alternative agents is another priority for research in MRSA
control globally.

Current efforts are labour-intensive and carry a risk of fa-
tigue. Maintenance of data allows the tracking of progress and
may help to prevent history from repeating itself if a trend
toward the original baseline appears. Patients who are colo-
nized but do not develop infection are invisible in the absence
of active surveillance, so this monitoring of acquisition
(without infection) allows a more ‘upstream’ view of the
progress of infection control interventions.

Manual hand hygiene audits using trained auditors are
inefficient because they are labour intensive, and are made
inaccurate by the Hawthorne effect and necessarily small
sample sizes, generally only on weekdays and daytime hours.
Technological solutions are evolving and could potentially
feature in the infection control programme of tomorrow.23

Functionality and evidence of cost-effectiveness remain bar-
riers to such technology.

Active surveillance testing was a cornerstone of our bundle.
Whereas we used culture-based techniques, molecular testing
would be more timely and sensitive, albeit it carries a risk in
the regional setting of potentially missing certain MRSA strains
with arginine-catabolic mobile elements (ACME) inserted into
orfX, and incurring greater operational costs.24

There are several limitations of this work. First, this was a
non-randomized before-and-after study design involving a
single institution. However, this is a common issue in infection
control studies and not one that is easily overcome because of
the nature of such studies. During this period, there was no
concomitant decrease in other nosocomial antibiotic-resistant
pathogens such as carbapenem-resistant Acinetobacter
baumannii or extended-spectrum beta-lactamase-producing
Enterobacteriaceae (data not shown) that would suggest an
overall decline in antimicrobial resistance rates. Clinical
practices also did not change substantially. Second, the nature
of the intervention is such that several measures were
included in a single ‘bundle’, and the individual effect of each
measure cannot be determined. Nonetheless, such ‘care
bundles’ are now accepted in clinical practice, and their
effects are greater collectively than when introduced as
separate measures.25

In conclusion, hospitals confronting hyper-endemic MRSA
with high infection rates and infrastructural and/or resource
constraints can introduce sustainable improvement, provided
that a proactive team including senior management leadership
is driving it. Data maintenance of process and outcome mea-
sures and good communication are essential.
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