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Abstract

Background: In November 2004, a national target was set for the English hospital trusts to reduce the
Meticillin-Resistant Staphylococcus aureus (MRSA) bacteremia rate by 60% by April 2008 against the number during
2003/04 (baseline year). In our organisation the number of MRSA bacteremias had risen since 2002 and peaked at
75 in 2005/06. A target was set to reduce the number and series of specific and non- specific interventions was
introduced including universal MRSA screening. This study analyzes the impact of universal MRSA screening using a
quasi-experimental design using routinely gathered data.

Methods: This study used data gathered routinely for clinical governance, quality control, financial management
and outbreak monitoring purposes. Interrupted Time Series (ITS) analysis of 15 pre- and 19 post- universal MRSA
screening (and decolonisation) quarterly numbers of bacteremias was carried out where Meticillin-Sensitive
Staphylococcus aureus (MSSA) numbers served as non-equivalent dependent variable (control).

Results: An immediate sharp fall in MRSA bacteremias was observed following the universal MRSA screening (and
decolonisation) commenced in Q2, 2007. The number dropped sharply from 23 (Q2, 2007) to 10 (Q3, 2007) for all
MRSA bacteremias, and, from 15 (Q2, 2007) to 6 (Q3, 2007) for bacteremias ≥48 hours of hospitalization. The
declining trend continued reaching zero in Q2, 2009 and Q4, 2010 for those with ≥48 hours of hospitalization and
all bacteremias, respectively. ITS analysis revealed significant impact of universal MRSA screening on all MRSA
bacteremias (β2 -0.554, p 0.000) and those with ≥48 of hospitalization (β2 -0.577, p 0.001). Impact estimation
predicted 17 and 13 bacteremias for all and those with ≥48 hours hospitalization, respectively in the 19th quarter
post-intervention, if the intervention did not occur. The number of MRSA isolates from non-blood culture systemic
sources as percentage of admissions also dropped significantly from 3.32% in Q2, 2007 to 1.51% in Q3, 2007
(β2 -0.506, p 0.000) which is still running low at 0.33% at the end of Q1, 2012. On the other hand, there was no
statistically significant impact of universal screening on MSSA bacteremias.

Conclusions: We conclude that of all interventions, the universal MRSA screening (and decolonisation) is the most
effective intervention associated with significant and sharp drop in MRSA burden.
Background
In November 2004, a national target was set for the English
hospital trusts to reduce the Meticillin-Resistant Staphylo-
coccus aureus (MRSA) bacteremia rate by 60% by April
2008 against the number during 2003/04 (baseline year). In
our organisation the number of MRSA bacteremias had
risen since 2002 and peaked at 75 in 2005/06. A target was
set to reduce the number to 27 bacteremias in the year
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2007/08 and an improvement programme was initiated
facilitated by Department of Health (DoH) in May 2006. A
series of specific- and non-specific interventions was intro-
duced since May 2006. The ‘Clean your hands’ campaign
was already ongoing since September 2004. This study
reviews the impact of these interventions to reduce the
burden of MRSA bacteremias, specifically, the impact of
universal MRSA screening using a quasi-experimental
(Interrupted Time Series - ITS) design using routinely
gathered data in the context of a comprehensive infection
control program.
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Methods
The setting is an acute NHS Trust in the north east of
England serving a mixed urban/rural predominantly eld-
erly population of approximately 500,000. The Trust has
three acute district general and seven community hospi-
tals with 760 acute medical/elderly care beds, and 183
acute surgical beds including orthopedics. The average
number of beds per ward is 21 with 82.9% bed occu-
pancy. There is an active infection control team (ICT)
with four point five whole time equivalent microbiolo-
gists, seven infection control nurses and input from
other specialties including pharmacy. The study used
no patient identifiable information and is a non-
interventional observational study and as such did not
require ethical approval.

Data collection
This study used data gathered routinely for clinical gov-
ernance, quality control, financial management and out-
break monitoring purposes. The numbers of monthly
bacteremias were routinely recorded for governance pur-
poses. The review of surveillance (Sept 2004 to March
2006) data showed the sources of MRSA bacteremias to
be unknown in an unusually large proportion (30%) of
cases, and in the rest, three major sources were identi-
fied viz., indwelling intra vascular devices, chest infec-
tions and soft tissue infections (Figure 1). Following the
introduction of Root Cause Analysis (RCA) in May 2006 a
number of interventions were made in quick succession
as part of the MRSA improvement programme; imple-
mentation of these interventions and compliance levels
were routinely monitored by audits (Table 1). Universal
MRSA Screening and Decolonization was introduced in
May, 2007. Before May, 2007 MRSA screening was
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Figure 1 Sources of bacteraemias: September 2006 to March 2007.
selective based on certain risk factors including pre-
operative patients in elective surgery, emergency orthope-
dics and trauma surgery, critical care, patients known to
be MRSA positive, oncology/chemotherapy inpatients and
patients admitted from high-risk settings [1]. The hospi-
tals screened only about 1600 patients per quarter before
May, 2007. In May, 2007, the universal screening was
introduced in a phased manner to include all adult elect-
ive, day case and emergency admissions. This was imple-
mented in advance of the NHS Operating Framework for
the NHS in England 2008/09 [2] which required screening
for all elective admissions by April 2009 and all emergency
admissions no later than 2011.
Swabs were placed on to MRSA Select™ (Bio-Rad)

chromogenic agar medium and presumptive pink MRSA
colonies were confirmed by a latex slide test. Full bio-
chemical identification and antibiotic susceptibility were
carried out by The VITEKW 2 (bioMérieux UK) system.
All positive MRSA results were communicated directly
to the ICT. Average turnaround time was 48 hours.
The number of patients screened increased to 5000 in

Q2, 2007 reaching 15000 in Q1, 2009 which has
remained stable (Figure 2). A weekly MRSA screening
audit commenced in September, 2007 showed near 100%
screening compliance achieved by beginning of April,
2009 for all elective and emergency admissions.
The MRSA positive patients were isolated according

to the infection control policy and commenced on
decolonisation treatment as soon they were identified
irrespective of whether facilities were available to isolate.
OctenisanW (or 2% Triclosan) body wash once daily and
Mupirocin 2% Nasal ointment three times a day to the
inside of each nostril for 5 days (and hair washing with
OctenisanW on days 2 and 4 of the treatment) were
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Table 1 Timeline of infection control interventions since Sep 2004

Year Period Interventions Description (compliance/comments)

2004 Sep ‘Clean your hands’ campaign [3] Compliance (against opportunities available) 62-72% at baseline rising to
82% by April 2008. Intense daily monitoring continued with results
aggregated and compiled weekly until 95% compliance was achieved at
which point frequency was reduced to weekly. In most locations within a
few weeks the level of compliance rose to over 95%.

2006 May Root cause Analysis (RCA) The information capture tool was given to the clinical teams within hours of
the identification of MRSA bacteremia. Once received back by the ICT further
in depth investigation (if necessary) was carried out by the Infection Control
Nurses (ICN). The clinical teams are updated during the regular visits by
Microbiologists or ICNs. More formal feedback occurs during Clinical
Governance or Operational board meetings, and also quarterly at Trust
Board.

Jul Infection
Control
Nurse
Clinical
Placement

Junior Doctor’s Induction Video

Sep Support Worker’s Training

Nov The peripheral vascular care (PVC) care
plan (High Impact Intervention [4])

Two one day audits in April 2007 and May 2007 showed improvement in
usage. Another audit commenced on 22nd October 2007 for 37 consecutive
weeks showed the number of cannula in situ for >72 hours was only a few
and improved compliance to other elements of the care plan viz., (1)
removal if no continued clinical indication, (2) use of care plan, (3) daily
visual assessment and (4) intact dressing was observed within a few weeks
and maintained throughout the period.

Dec

2007 May Universal Screening and decolonization See result section for full description. 100% compliance both for elective and
emergency admissions achieved by beginning April 2009.

The central vascular care (CVC) care plan

Weekly HCAI meeting A weekly HCAI meeting chaired by the Director of Infection Prevention and
Control has been held since May 2007 regularly attended by ICNs, consultant
Microbiologists, ward matrons, domestic manager and the director of
nursing among others. This group reviews three weekly audits carried out
regularly: MRSA screening, PVC care plan and hand hygiene audits in
addition to other infection control audits. Another daily meeting for
enhanced management of known MRSA positives patients was introduced
in March 2008. This group facilitates feedback of results to the relevant staff
and ensures that recommended measures are backed by support from high
level management in terms of resources.

Jul Improved blood culture technique (‘Taking blood
cultures: A summary of best practice’ (DoH, June 2007)

The blood culture policy was re-issued which required that indication was
recorded in the medical notes and blood culture was authorised by a
consultant/senior doctor. A training video was made available on the Trust
intranet to demonstrate how to take cultures using aseptic technique. This
was also shown at induction for new junior doctors. In June, the number of
blood cultures taken fell from the monthly average of 1252 to 778, a 38%
reduction, of which 16% were positive compared to 14.5% in the previous
five months. The proportion that was skin organisms (e.g., coagulase
negative staphylococci, diptheroids and propionibacterium) marginally
reduced to 24% from 29%.

Patient Administration System (PAS) MRSA alert Patients with previous MRSA history were tagged with an alert code on the
PAS to allow for decolonisation to commence within 24 hours of admission
in accordance with the MRSA policy.

Sep Standardised Intra Venous (IV) cannula site dressing

Universal screening compliance audit See above May, 2007.

Annual infection control study day and road show

Oct PVC care plan compliance audit See above November, 2006.

Web-based Audits Tool A web based data capture was introduced to audit MRSA screening,
peripheral cannula care and hand hygiene standards. This new system
enabled the ICT to produce weekly audit figures efficiently at review in the
weekly HCAI group meeting, identify the outliers and giving real-time feed
back to the ward staff to reinforce corrective measures and best practice in a
targeted and timely way.

ICN job description re-written to make duty and responsibility more explicit

2008 Jan NPSA screen saver on all hospital PCs

General Practitioner’s education on Infection Control
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Table 1 Timeline of infection control interventions since Sep 2004 (Continued)

New infection control ward entrance sign

Mar Management of screening positives Daily meeting for management of screening positives

MRSA Screening at day 10 Screening of all inpatients at day ten after admission (and then every ten
days).

Apr Hand hygiene audit See above Sep 2004 (‘Clean your hands’ campaign)

Aseptic training for the staff

June Junior doctor’s e-learning on Infection Control

Fluoroquinolone restriction Consumption dropped from average 12 Defined daily Dose (DDD)/100 bed-
days in previous 12 months to under 5 from June 2008 with a further drop
in consumption to under 2 from June 2010.
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used for decolonisation. A Patient Group Directive (PGD)
for prompt prescribing of OctenisanW (or 2% Triclosan)
washes by the nursing staff was already in place. Patients
are re-screened 48 hours after completing decolonisation
if they are still in hospital. In general, up to two complete
courses of decolonisation were given during each in-
patient stay. Any patient who was still positive for MRSA
after a second decolonisation treatment received daily
washes using octenisan for the duration of their in-patient
stay.
Analysis
For the interrupted time-series (ITS) analysis, we used
segmented linear regression, which divides a time series
into pre- and post-intervention segments. The universal
screening was introduced in Q2, 2007, therefore, Q3,
2007 was chosen as the intersection between the pre-
and post-intervention segments. Interventions that may
be short-lived may erroneously report maximal effects if
short time series are analyzed; our time series included
19 pre- and 15 post-intervention quarterly data points.
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axis) from Q1, 2007 to Q3, 2011 (Universal screening began in Q2, 20
A linear regression model has two parameters: the
level and slope. Therefore the difference between the
two segments can be quantified by testing the change in
these two parameters (Equation 1). A change in level be-
tween the pre- and post-intervention segments indicates
a step-change, and a change in slope indicates a change
in trend.

Y t ¼ β0 þ β1T þ β2Dþ β3P ð1Þ

Yt
is the MRSA rate at month t;

β0
estimates the baseline MRSA quarterly rate;

β1
estimates the baseline (pre-intervention) linear
trend where T is a continuous variable indicating
the time in quarter interval at time t from the
start of the study period;

β2
estimates the level change between pre- and post-
R2 = 0.8778
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intervention, where D = 0 before the intervention,
and D = 1 after the intervention;

β3
estimates the mean quarterly trend in MRSA post-
intervention, compared to the baseline trend, where
P is a continuous variable indicating the number of
quarters after the start of the intervention at time
t and is coded as zero before the intervention.

Three points of interest were calculated: (1) pre-
intervention trend (slope); (2) post-intervention change
of the baseline level representing an immediate effect;
and (3) post-intervention trend (slope) representing a
sustained effect of the intervention. A p-value of 0.05
was regarded as statistically significant. If coefficient β1
was significantly different from 0, the pre-intervention
trend was deemed statistically significant. Similarly, if
β2 and/or β3 were significantly different from 0, it
was assumed that there had been a significant post-
intervention change of baseline level and/or trend.
We included Meticillin-Sensitive Staphylococcus aur-

eus (MSSA) numbers for the same period as non-
equivalent dependent variable [5] which would be
affected by all infection control interventions except the
MRSA universal screening. ITS analysis for both MRSA
and MSSA series was carried out, Q3, 2007 as the inter-
section between segments. The null hypothesis was that
changes in the positive blood cultures and positive
systemic samples other than blood cultures for MRSA
and the MSSA were similar.
We have included Durbin-Watson (DW) in the regres-

sions statistics to correct for possible auto-correlation.
DW value between 1.5 and 2.5 indicates that the values
are independent. All analysis was done using SPSS 19.

Results
Patients screened
The number of patients screened almost trebled from
1642 (3,432 specimens) in Q1, 2007 to 5087 (11,518
specimens) in Q2, 2007 then increased gradually over
the next quarters to finally stabilize over 15000
(40,000 specimens) by Q1, 2009 (Figure 2). The ratio
of patients to specimen numbers was about 1:2 in line
with the swabbing of nose (N) and throat (T) only.
However, this ratio has increased since Q2, 2008 to
just under 1:3 when we introduced inpatient MRSA
screening at every 10 days interval. The highest detec-
tion of on-admission prevalence of colonized patients
was achieved (3.59%) in the Q3, 2007 then sharply
reduced to 2%, Q2, 2008), 1%, Q3, 2010) and, finally,
dipped down to 0.89% in Q4, 2010 (R2 = 0.9), clearly
reflecting the efficacy of decolonization and successful
eradication (Figure 2).
Estimation of baseline prevalence of MRSA colonization
The highest rate of MRSA positive systemic samples
(infections) other than blood cultures was 6.47% of
all admissions in Q1, 2005 which implies a rate of
colonization prevalence much higher than 6.47%. What
was the on-admission colonization rate could not be
extrapolated from inpatient infection burden but in Q1,
2007 the on-admission colonization detection rate was
only 1% with risk based targeted screening. The highest
on-admission detection rate of 3.59% was achieved in
Q3, 2007 after universal screening was commenced
(Figure 2). The impact of the universal screening and
decolonisation on the MRSA burden was immediate:
there was a sharp decline in on-admission colonisation
prevalence from a peak at 3.59% in Q3, 2007 to less
than 1% by Q4, 2010, while the number of patients
screened remained stable at just over 15,000/quarter.
These data reflect that detection by targeted screening
before the universal screening was by far less efficient.

Impact on MRSA bacteremias
The target set required a reduction from 67 to 27
bacteremias by April, 2008 equivalent to numbers falling
from 5.6 cases to 2.3 cases per month compared to the
baseline year. Initially, following the introduction of
RCA in May 2006, a tangible reduction in the numbers
was achieved on a month by month basis. A care path-
way for insertion, management and maintenance of cen-
tral and peripheral lines was introduced (November,
2006). However, in the subsequent months there was a
gradual increase with MRSA bacteremias peaking at 23
cases in Q2, 2007. The universal MRSA screening was
introduced in Q2, 2007 and an immediate and drastic
reduction in MRSA bacteremias was seen in Q3, 2007;
the declining trend continued till Q1, 2012 with only
two cases ≥48 h of hospitalization (hospital acquired) oc-
curring in 2011–12.
Visual inspection of data (Excel graphics) revealed an

immediate effect of universal screening in terms of sharp
decline of MRSA bacteremias as well as on positive
systemic (non-blood culture) samples in line with the
decline of MRSA on-admission prevalence.
There was an immediate sharp fall in all MRSA

bacteremias from 23, Q2 2007 to 10, Q3, 2007 followed
by a continued declining trend reaching zero Q4, 2010
(Figure 3). Predicted regression line showed a slight
decreasing trend in the slope before the intervention, an
abrupt drop in the rate immediately following the
intervention, and a gradually decreasing slope continued
after the intervention. The hospital acquired MRSA
bacteremias (≥48hours of hospitalization) dropped from 15
in Q2 2007 to 6 in Q3, 2007 followed by a continued de-
clining trend reaching zero in Q2, 2009 (Figure 4). These
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observations were tested using interrupted time-series
(ITS) analysis. The ITS analysis (Table 2) revealed
significant post-intervention drop of the baseline level of all
MRSA bacteremias, representing an immediate effect,
(β2 -0.554, p 0.000) and the post-intervention declining
trend (slope), representing a sustained effect (β3 -0.393,
p 0.048) where pre-intervention coefficient β1 was close to
0 (−0.033,) signifying a flat trend. The immediate effect was
equally prominent for hospital acquired MRSA bacteremias
i.e., ≥48 h of hospitalization (β2 -0.577, p 0.001) but
post-intervention slope was not statistically significant
(β2 -0.216, p 0.298) as the numbers were already very low
after the immediate sharp drop.
Impact estimation predicted 17 (all) and 13 (≥48 hours

of hospitalization) MRSA bacteremias, respectively in
the 19th quarter post-intervention if the intervention did
not occur, and, predicted zero bacteremias with inter-
vention which is borne out by the observation.
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There was no statistically significant impact of
universal screening on MSSA bacteremias. During the
whole observation period of 34 consecutive quarters
the number of MSSA bacteremias, both community
onset (R2 = 0.13) and ≥48 hours of hospitalization
(R2 = 0.09) have been declining slowly but not at a
statistically significant level (Figure 5, Table 2).

Impact on systemic Non-blood culture specimens
Similarly, there has been an equally significant impact
on the number of MRSA isolates from non-blood cul-
ture systemic sources: sterile fluid, tissues, respiratory
specimens and swabs, superficial and deep (Figure 6).
The number of positive specimens as percentage of
admissions dropped from 3.32% in Q2, 2007 to 1.51% in
Q3, 2007. The declining trend continued steadily over
the following quarters to the lowest 0.25% in Q4, 2010
(R2 = 8.9). The ITS analysis revealed a pre-intervention
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Table 2 Interrupted time-series regression analysis of the MRSA/MSSA bacteremias (total and ≥48 h), MRSA/MSSA
systemic (Hospital - % of admissions) and MRSA/MSSA systemic (Community – total numbers)

Parameter Unstandardized Standardized t p 95% CI D-W
Coefficients - B (Std. Error) Coefficients - β

MRSA bacteremias Constant 17.40 (1.64) 10.59 .000 14.04 to 20.75 1.573

Pre-intervention trend -.025 (.181) -.033 -.138 .891 -.39 to .34

Post-intervention change −8.32 (2.072) -.554 −4.016 .000 −12.55 to −4.09

Post-intervention trend -.45 (.221) -.393 −2.065 .048 -.90 to -.005

MSSA bacteremias Constant 17.36 (2.45) 7.075 .000 12.35 to 22.37 2.068

Pre-intervention trend .29 (.270) .604 1.098 .281 -.255 to .848

Post-intervention change −2.28 (3.095) -.235 -.737 .467 −8.60 to 4.04

Post-intervention trend -.61 (.330) -.818 −1.858 .073 −1.28 to.06

MRSA ≥48 h bacteremias Constant 13.46 (1.38) 9.75 .000 10.64 to 16.28 1.753

Pre-intervention trend -.10 (.152) -.168 -.659 .515 -.41 to .21

Post-intervention change −6.79 (1.741) -.577 −3.901 .001 −10.34 to −3.23

Post-intervention trend -.19 (.185) -.216 −1.060 .298 -.57 to .18

MSSA ≥48 h bacteremias Constant 5.96 (1.84) 3.22 .003 2.16 to 9.76 1.901

Pre-intervention trend .173 (.272) .503 .634 .532 -.38 to .73

Post-intervention change 1.10 (2.112) .178 .521 .606 −3.24 to 5.44

Post-intervention trend -.45 (.298) -.990 −1.524 .140 −1.06 to .15

MRSA Systemic (Trust) Constant 5.8 (.225) 25.78 .000 5.34 to 6.26 1.599

Pre-intervention trend -.17 (.028) -.830 −6.252 .000 -.23 to -.11

Post-intervention change −2.03 (.271) -.506 −7.493 .000 −2.58 to −1.47

Post-intervention trend .10 (.033) .350 3.269 .003 .040 to 17

MSSA Systemic (Trust) Constant 3.25 (.191) 17.01 .000 2.86 to 3.64 1.421

Pre-intervention trend -.05 (.024) -.892 −2.358 .026 -.10 to -.007

Post-intervention change .29 (.230) .248 1.289 .208 -.17 to .76

Post-intervention trend .134 (.028) 1.477 4.846 .000 .07 to .19

MRSA Systemic (GP) Constant 287 (12.35) 23.25 .000 262 to 313 1.962

Pre-intervention trend −2.49 (1.55) -.285 −1.602 .120 −5.68 to .69

Post-intervention change −66.23 (14.89) -.402 −4.447 .000 −96.73 to −35.72

Post-intervention trend −4.22 (1.78) -.338 −2.362 .025 −7.88 to -.56

MSSA Systemic (GP) Constant 906 (31.57) 28.71 .000 841 to 971 2.427

Pre-intervention trend −7.52 (3.97) −1.27 −1.891 .069 −15.67 to .62

Post-intervention change 11.71 (38.04) .105 .308 .760 −66.22 to 89.65

Post-intervention trend 10.16 (4.56) 1.20 2.224 .034 .80 to 19.51
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declining trend (β1 -0.830, p .000) but a significant
sharp post-intervention drop representing an immedi-
ate effect (β2 -0.506, p 0.000). However, there was no
prominent post-intervention declining trend (β3 0.350,
p 0.003) as the rate already dropped and was running
at a very low level at < 0.3%. Percentage of MRSA of
all S. aureus isolates (non-blood culture systemic
sources) declined from 51% Q2, 2007 (peak was at
67.54% in Q3, 2005) through 34% Q3, 2007 to 8.7% in
Q1, 2012.
The immediate decline and post-intervention declin-

ing trend were also significant for MRSA non-blood
culture systemic specimens from general practitioners
(GP): β2 -0.402, p 0.000; β3 -0.338, p 0.025 whereas
pre-intervention declining trend was not significant
(Table 2).
Of note, however, there was no concomitant reduction

in MSSA isolates from non-blood culture systemic
sources observed. Instead, there was a slow but statisti-
cally significant post-intervention increasing trend in the
rate of hospital MSSA (R2 = 7.3, Figure 7) confirmed by
ITS analysis (β3 1.477, p 0.000). The ITS analysis also
revealed post-intervention increasing trend in the num-
bers of non-blood culture systemic MSSA from GP
(β3 1.20, p 0.034) although the predicted regression line
was not significant (R2 = 0.06).
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Cost of screening
Each specimen was associated with a consumable cost of
£0.62 for a negative screen and, additional, £2.16 for a
positive specimen (identification and sensitivity). Esti-
mated cost of screening was £24,800 per quarter plus
£1080 based on the current quarterly positive number of
about 500. The yearly cost of universal screening was
just over £100,000 for laboratory consumables alone. In
Q1, 2012 a combined NP Elution Swab (ESwab) in
Liquid Amies medium was introduced reducing the
number of specimens to half. The Eswab costs £0.45
more compared to the standard Amies swab, so, total
consumable cost would be only marginally lower but
specimen numbers halved.
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Mupirocin resistance
The resistance to mupirocin (hospital isolates) margin-
ally increased from 1.7% in 2004 to 2.3% in 2011.

Conclusion
In the era of multi-resistant pathogens, focusing hospital
resources on a single antibiotic-resistant pathogen as a
sole approach to infection control is criticized as inher-
ently flawed [6]. Questions were also raised regarding
the impact of universal screening on MRSA bacteremia
rate given the sensitivity of the screening, lack of isola-
tion rooms, the relatively low effectiveness of current
decolonization techniques, staffing time and financial
resources required vis-à-vis (cost-) effectiveness and the
R2 = 0.8989
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real reduction in risk achieved. Caution is advised for
more evidence before it becomes routine considering
resource requirements, practical difficulties and conse-
quences [7]. In hospitals with an MRSA on-admission
prevalence of < 5% targeted rather than universal screen-
ing is advocated [8].
In our study, all interventions were targeted at both

MRSA and MSSA except the screening and decolonization
but decline in MSSA bacteremias over the 34 consecutive
quarters of observation was not statistically significant,
which served as a natural control (non-equivalent
dependent variable) in the analysis. In contrast, a drastic
drop and quarterly declining trend in MRSA bacteremias
continued, reaching zero following the introduction of uni-
versal screening. In national context, during the first 2 years
following setting of the national target in November 2004,
there was minimal reduction; however, from September
2006 onwards, rates declined dramatically to reach a
reported 57% reduction by April–June 2008 [9-11]. In our
organization, dramatic decline in MRSA bacteremias and
systemic infections was clearly linked to the introduction of
universal screening and decolonization. This is consistent
with reports that widespread uptake of decolonization has
made the key additional contribution [11,12]. The effect of
hand hygiene, identification of patients with MRSA infec-
tions or colonization and isolation interventions alone leads
only to a gradual reduction in MRSA burden over many
years [13]. The Pathfinder project [14], an implementation
project to evaluate the impact of universal screening
recommended by the NHS QIS HTA modeling [15], also
found a temporal association between the initiation of uni-
versal screening and a significant reduction in colonization
from 5.5% to 3.5% by month 12. However, no significant
reduction in the rate of MRSA bacteremias and Surgical
Site Infections (SSI) during the study was found. A
re-worked model using observed parameters from the
Pathfinder study projected that colonization prevalence
could reduce over three to five years to low endemic levels
(0.5-1.8%) with a chromogenic agar based universal screen-
ing strategy. Our study results support this projection.
In one neighbouring NHS Trust only seven additional

day case patients in one month period would have been
identified as MRSA carriers using the DoH universal
screening compared with their targeted approach [16].
However, this Trust had already embarked on an
expanded screening programme in three phases and
needed to extend the screening only to day cases and
elective admissions to comply with mandatory universal
screening commenced in April, 2009. It is only to be
expected that a successful screening and decolonization
programme over a period would eventually lower the
burden and a corresponding fall in MRSA detection
rate.
In previous studies fluoroquinolone restriction was

associated with decline in MRSA infections [17]. In our
study MRSA rates dropped during the period when
fluoroquinolone were used unrestricted albeit at a low
level of average 12 DDD/100 bed-days per month. Our
Fluroquinolone consumption more than halved to under
5 DDD/bed-days from June, 2008 which further dropped
to under 2 from June, 2010. This low level of consump-
tion may have positively impacted on our sustained low
burden of MRSA infections.
Once low on-admission prevalence has been consoli-

dated and sustained, a first line ‘risk assessment’ screen-
ing tool to reduce swabbing, laboratory costs and
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identify the proportion of high risk patients who could
be preemptively isolated is a logical way forward. One
study found that a simple three question Clinical Risk
Assessment (CRA) could perform to a similar level to
universal single site swabbing, but with considerably
reduced resource implications [15]. The CRA has to be
based on the local MRSA epidemiology, infection con-
trol practices and vulnerability of the patient population.
The ITS methods used in this study have several

advantages over other quasi-experimental studies, be-
cause they are less likely to be influenced by certain
biases [18-20]. Cyclical effects and underlying increas-
ing or decreasing secular trends may contribute to
observed intervention effects. While looking at the
effect of specific intervention, the analysis has to take
into account the added effect of pre-existing or newly
introduced measures. Finally, auto-correlated data
means that adjacent data points can be more similar
(positive auto-correlation) or dissimilar (negative auto-
correlation), leading to under- or over-estimates of
effect, respectively. Unlike the classical statistical meth-
ods that assume the observed data are independent
random variables, time-series analysis takes into ac-
count the relationships existing between consecutive
observations, a phenomenon known as auto-correl-
ation. However, as with all non-experimental designs,
causal inference from ITS designs is limited because it
is impossible to rule out alternative explanations for
observed changes in the time series.
Our experience with the precipitous decline in the

burden of MRSA provides clear evidence of the efficacy
of universal screening and decolonization. We achieved
a very high level of compliance with screening uptake
and decolonization. However, this success has to be con-
sidered in the context of the highly empowered weekly
HCAI meeting in operation since May, 2007. This group
have been ensuring continued compliance to MRSA
screening, PVC care plan use and hand hygiene review-
ing weekly audits and feeding back to the relevant staff
with timely recommendation of appropriate measures
backed by the support from the management.
It is noteworthy that our success was in the back-

ground of a declining trend in MRSA infections in
England [11], the USA [21] and elsewhere during the
period. If there is an epidemiological explanation,
perhaps, an effect predicated on natural biological
trends involving specific MRSA strains is a matter of
great interest [11,22,23].
The study reveals one disturbing trend. The rate of

non-blood culture systemic MSSA positive samples from
the trust since Q2, 2007 is increasing. Also, the MSSA
bacteremia trend appears to be decreasing only slowly
and not at a significant level. This warrants specific
actions to combat the MSSA burden.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JBS prepared the manuscript. All authors contributed to the analysis and
reviewed the manuscript.

Authors’ information
BM is Director of Infection Control and Prevention.
JBS, VC, DT and TO are Consultant Microbiologists and Infection Control
Doctors.

Acknowledgment
We acknowledge the contribution of the every single member of the ICT
and strong management support which led to the success in controlling the
MRSA in our organisation.
The publication of this article has been made possible by an unrestricted
educational grant from Novartis Pharmaceuticals UK Limited.

Received: 13 September 2012 Accepted: 6 January 2013
Published: 14 January 2013

References
1. Screening for Meticillin-resistant Staphylococcus aureus (MRSA) colonisation:

a strategy for NHS trusts: a summary of best practice: 2006. http://www.dh.
gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/
digitalasset/dh_063187.pdf.

2. NHS Operating Framework for the NHS in England: 2008. http://www.dh.
gov.uk/en/Publicationsandstatistics/Publications/
PublicationsPolicyAndGuidance/DH_081094.

3. Patient safety alert 04: National patient safety agency. 2004. http://www.npsa.
nhs.uk/EasySiteWeb/GatewayLink.aspx?alId = 75060.

4. Reducing healthcare associated infections: High impact interventions:
department of health. 2010. http://webarchive.nationalarchives.gov.uk/
20120118164404/http://hcai.dh.gov.uk/whatdoido/high-impact-
interventions.

5. Shadish WR, Cook TD, Campbell DT: Experimental and quasi-experimental
designs for generalized causal inference. Belmont, Calif: Wadsworth Cengage
Learning; 2002.

6. Wenzel RP, Bearman G, Edmond MB: Screening for MRSA: a flawed
hospital infection control intervention. Infect Contr Hosp Epidemiol 2008,
29:1012–1018.

7. Dancer SJ: Considering the introduction of universal MRSA screening.
J Hosp Infect 2008, 69(4):315–320.

8. Harbarth S, Hawkey PM, Tenover F, Stefani S, Pantosti A, Struelens MJ:
Update on screening and clinical diagnosis of meticillin-resistant
staphylococcus aureus (MRSA). Int J Antimicrob Agents 2011, 37:110–117.

9. Pearson A, Chronias A, Murray M: Voluntary and mandatory surveillance
for methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-
susceptible S. aureus (MSSA) bacteraemia in England. J Antimicrob
Chemother 2009, 64(Suppl 1):11–17. doi:10.1093/jac/dkp260.

10. Ellington MJ, Hope R, Livermore DM, Kearns AM, Henderson K, Cookson BD,
Pearson A, Johnson AP: Decline of EMRSA-16 amongst methicillin-
resistant Staphylococcus aureus causing bacteraemias in the UK
between 2001 and 2007. J Antimicrob Chemother 2010, 65:446–468.
doi:10.1093/jac/dkp448.

11. Wilson J, Elgohari S, Livermore DM, Cookson B, Johnson A, Lamagni T,
Chronias A, Sheridan E: Trends among pathogens reported as causing
bacteraemia in England, 2004–2008. Clin Microbiol Infect 2011, 17:451–458.
doi:10.1111/j.1469-0691.2010.03262.x.

12. Edgeworth JD: Has decolonization played a central role in the decline in
UK methicillin-resistant Staphylococcus aureus transmission? A focus on
evidence from intensive care. J Antimicrob Chemother 2011,
66(suppl 2):41–47. doi:10.1093/jac/dkq325.

13. Jarlier V, Trystram D, Brun-Buisson C, Fournier S, Carbonne A, Marty L,
Andremont A, Arlet G, Buu-Hoi A, Carlet J, Decré D, Gottot S, Gutmann L,
Joly-Guillou ML, Legrand P, Nicolas-Chanoine MH, Soussy CJ, Wolf M,
Lucet JC, Aggoune M, Brücker G, Régnier B: Curbing methicillin-resistant
staphylococcus aureus in 38 French hospitals through a 15-year
institutional control program. Arch Intern Med 2010, 170:552–559.
doi:10.1001/archinternmed.2010.32.

http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_063187.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_063187.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_063187.pdf
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_081094
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_081094
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_081094
http://www.npsa.nhs.uk/EasySiteWeb/GatewayLink.aspx?alId
http://www.npsa.nhs.uk/EasySiteWeb/GatewayLink.aspx?alId
http://webarchive.nationalarchives.gov.uk/20120118164404/http://hcai.dh.gov.uk/whatdoido/high-impact-interventions
http://webarchive.nationalarchives.gov.uk/20120118164404/http://hcai.dh.gov.uk/whatdoido/high-impact-interventions
http://webarchive.nationalarchives.gov.uk/20120118164404/http://hcai.dh.gov.uk/whatdoido/high-impact-interventions
http://dx.doi.org/10.1093/jac/dkp260
http://dx.doi.org/10.1093/jac/dkp448
http://dx.doi.org/10.1111/j.1469-0691.2010.03262.x
http://dx.doi.org/10.1093/jac/dkq325
http://dx.doi.org/10.1001/archinternmed.2010.32


Sarma et al. Antimicrobial Resistance and Infection Control 2013, 2:2 Page 11 of 11
http://www.aricjournal.com/content/2/1/2
14. Smith A, Christie P, Stari T, Kavanagh K, Robertson C, Reilly J, Gould I,
MacKenzie F, Masterton R: The value of nasal swabbing versus full body
screening or clinical risk assessment to detect MRSA colonisation at admission
to hospital (NHS Scotland MRSA screening pathfinder programme: final report).
Glasgow: Health Protection Scotland; 2011.

15. Ritchie K, Bradbury I, Eastgate J, Foster L, Iqbal K, MacPherson K, McCarthy T,
McIntosh H, Nic Lochlainn E, Reid M, Taylor J: The clinical and cost
effectiveness of screening for meticillin-resistant Staphylococcus aureus (health
technology assessment report 9). Glasgow: Quality Improvement Scotland;
2007.

16. Collins J, Raza M, Ford M, Hall L, Brydon S, Gould FK: Review of a three-
year meticillin-resistant Staphylococcus aureus screening programme.
J Hosp Infect 2011, 78:81–85.

17. Parienti JJ, Cattoir V, Thibon P, Lebouvier G, Verdon R, Daubin C,
du Cheyron D, Leclercq R, Charbonneau P: Hospital-wide modification of
fluoroquinolone policy and meticillin-resistant Staphylococcus aureus
rates: a 10-year interrupted time-series analysis. J Hosp Infect 2011,
78:118–122.

18. Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D: Segmented regression
analysis of interrupted time series studies in medication use research.
J Clin Pharm Ther 2002, 27:299–309.

19. Grimshaw J, Campbell M, Eccles M, Steen N: Experimental and quasi-
experimental designs for evaluating guideline implementation
strategies. Fam Pract 2000, 17(Suppl 1):11–16.

20. Stone SP, Cooper BS, Kibbler CC, Cookson BD, Roberts JA, Medley GF,
Duckworth G, Lai R, Ebrahim S, Brown EM, Wiffen PJ, Davey PG: The ORION
statement: guidelines for transparent reporting of outbreak reports and
intervention studies of nosocomial infection. J Antimicrob Chemother
2007, 59:833–840. doi:10.1093/jac/dkm055.

21. Kallen AJ, Mu Y, Bulens S, Reingold A, Petit S, Gershman K, Ray SM, Harrison
LH, Lynfield R, Dumyati G, Townes JM, Schaffner W, Patel PR, Fridkin SK:
Health care–associated invasive MRSA infections, 2005–2008. JAMA 2010,
304:641–647. doi:10.1001/jama.2010.1115.

22. Murchan S, Auken HM, O’Neill G, Ganner M, Cookson BD: Emergence,
spread and characterisation of phage variants of epidemic meticillin-
resistant staphylococcus aureus-16 (EMRSA-16) in England and Wales.
J Clin Microbiol 2004, 57:345–346.

23. Perencevich EN: Decline in invasive MRSA InfectionWhere to Go from
here? JAMA 2010, 304(6):687–689. doi:10.1001/jama.2010.1125.

doi:10.1186/2047-2994-2-2
Cite this article as: Sarma et al.: Impact of universal screening on MRSA
bacteremias in a single acute NHS organisation (2006–12): interrupted
time-series analysis. Antimicrobial Resistance and Infection Control 2013 2:2.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1093/jac/dkm055
http://dx.doi.org/10.1001/jama.2010.1115
http://dx.doi.org/10.1001/jama.2010.1125

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Analysis

	Results
	Patients screened
	Estimation of baseline prevalence of MRSA colonization
	Impact on MRSA bacteremias
	Impact on systemic Non-blood culture specimens
	Cost of screening
	Mupirocin resistance

	Conclusion
	Competing interests
	Authors&rsquor; contributions
	Authors’ information
	Acknowledgment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


