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Methicillin-resistant Staphylococcus aureus (MRSA) infection is a global health care problem. Large studies (e.g., >25,000 pa-
tients) show that active surveillance testing (AST) followed by contact precautions for positive patients is an effective approach
for MRSA disease control. With this approach, the clinical laboratory will be asked to select what AST method(s) to use and to
provide data monitoring outcomes of the infection prevention interventions. This minireview summarizes evidence for MRSA
disease control, reviews the involvement of the laboratory, and provides examples of how to undertake a program cost analysis.

Health care organizations with total MRSA clinical infections of >0.3/1,000 patient days or bloodstream infections of >0.03/

1,000 patient days should implement a MRSA control plan.

,VI ethicillin-resistant Staphylococcus aureus (MRSA) has been a
major health care problem for more than 50 years (1). The
latest U.S. national data indicate that rates of infection are slowly
decreasing but that the disease risk remains substantial (2),
including an estimated 59,000 MRSA cases resulting in 9,670
deaths during 2012 (3). With the most recent published disease
trends being from 2012, the Centers for Disease Control and
Prevention (CDC) has concluded that “MRSA remains an im-
portant public health problem and more remains to be done to
further decrease risks of developing these infections” (2).
Given this information, it is very likely that clinical microbiol-
ogy laboratories will be actively involved with MRSA control
programs. The Joint Commission requires the clinical micro-
biology laboratory to provide needed support for infection pre-
vention and control (4). Furthermore, the CDC has published
data suggesting that an immediate, coordinated national infec-
tion control and antibiotic stewardship effort to reduce health
care-associated infections (HAIs) from carbapenem-resistant
Enterobacteriaceae (CRE), multidrug-resistant Pseudomonas
aeruginosa, invasive MRSA, and Clostridium difficile would result
in 619,000 fewer HAIs over 5 years (5). All these indicate that
clinical microbiology laboratories will be actively involved in
infection control for many years to come.

Laboratory support of infection prevention and control can
have many roles, including pathogen detection, surveillance, data
analysis, support of outbreak investigation, and monitoring the
outcome of intervention(s) designed to lower health care-associ-
ated infections (6). The purpose of this minireview is to use very
large published studies on MRSA control reported after 2005 in
order to assist the laboratory in implementing surveillance pro-
grams relating to MRSA disease prevention and control when the
decision to do this has been made at its health care organization.
We will review the clinical impact of major approaches to MRSA
disease control in order to predict the likelihood of future inter-
vention strategies, highlight the laboratory role for each of these,
suggest an approach to decision making for active surveillance
testing (AST) through assessment of economic benefit, and de-
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scribe a general approach for monitoring disease burden (includ-
ing the outcome of any intervention). Based on the large pub-
lished studies, we will present reasonable disease reduction
target(s) that can be expected from an effective MRSA control
program and demonstrate how the clinical microbiology labora-
tory can help prepare a MRSA disease risk assessment for presen-
tation to the administrators of the infection prevention and con-
trol program that is useful in determining if MRSA control efforts
are adequate. We have recently published a comprehensive review
of the molecular diagnostic tests available for detection of MRSA
(7), so this description will not be part of the current review. How-
ever, with these two sources, our goal is that the clinical laboratory
can actively and expertly support MRSA infection prevention ef-
forts when asked to do so.

METHODS
For our literature review, we used PubMed.gov (MEDLINE) with the
terms “MRSA,” “Transmission,” and “Prevention” to search the medical
literature from 2005 through March 2016. Articles selected for review
were those clinical studies or models incorporating at least 25,000 patients
or model simulations. Only models using original data were included.
Individual hospital reports that were also part of large health care organi-
zation studies were not included so as not to report the same data twice.
The reason for selecting a high threshold for patient encounters assessed
was to evaluate those reports with sufficiently robust data sets so that the
information reported was highly likely to be reproducible and generaliz-
able.

As part of this review we have also updated our own data to encompass
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10 full years of MRSA surveillance (D. Schora, B. Smith, A. Robicsek, R.
Thomson, and L.R. Peterson. The impact of MRSA admission nasal sur-
veillance on nosocomial infection: ten years of testing, presented at Mi-
crobe, Boston, MA, 16—20 June 2016). Data were reviewed from 1 August
/2003 to 31 July 2015. Yearly MRSA nosocomial infection rates were de-
termined with the Carefusion MedMined Nosocomial Infection Marker
for blood, respiratory tract, urinary tract, and wound infections, which we
have validated as a reliable method to determine MRSA clinical infection
rates (8). The data for patient days were gathered from finance reports and
included observation days. Statistical analysis was done as previously de-
scribed (9). Briefly, infection rates were compared between the 3 study
periods using Poisson models, implemented via SAS PROC GENMOD
with Poisson distribution, log link function, and log of patient days as
offsets. The clinical MRSA HAI infection count was the dependent vari-
able, and the independent variable was the study period (i.e., 2003 base-
line as period 1, 2004 intensive care unit [ICU] surveillance as period 2, or
2005 to 2015 hospital-wide surveillance as period 3). Aggregate HAI
MRSA rates were further analyzed with a segmented Poisson regression
model (8).

RESULTS

In addition to core infection control practices at health care orga-
nizations, such as monitoring hand hygiene performance, there
are three major approaches to MRSA infection prevention that
have been systematically studied. These are (i) universal isolation
(using contact precautions), (ii) universal decolonization (source
control), and (iii) AST (universal or targeted) with either isolation
of MRSA carriers, decolonization of these patients, or both. Fol-
lowing is a discussion of large data sets studying each approach.

Clinical impact of MRSA control practices. (i) Universal iso-
lation. During 2012, Harris and colleagues performed a 9-month
prospective, cluster-randomized study of patients in the intensive
care units (ICUs) at 20 hospitals across the United States where
they compared use of contact precautions (gown and glove isola-
tion) for everyone versus standard practice (10). They measured
the changes in acquisition of MRSA and in infection from this
pathogen. The primary laboratory involvement was culture of ad-
mission and discharge surveillance swab samples for MRSA and
vancomycin-resistant enterococci (VRE), in addition to the usual
role of performing cultures to detect infection when clinically
needed (10). A total of 26,180 patients were included in the study.
There was no change in VRE acquisition but a statistically signif-
icant lowering of MRSA acquisition was found (from 10.03 to 6.0
acquisitions per 1,000 days at risk for the intervention units com-
pared to a change from 6.98 to 5.94 acquisitions per 1,000 days at
risk in control units; P = 0.046). However, there was no difference
in the rate of ICU infections between the intervention and control
groups (10), and in fact the HAI rate rose during the intervention
period for all measured infections (central line-associated blood
stream infections [CLABSI], ventilator-associated pneumonia
[VAP], and catheter-associated urinary tract infection [CAUTI]).
These results are summarized in Table 1.

(ii) Universal decolonization. Huang and colleagues con-
ducted a multicenter, cluster-randomized trial in 43 hospitals
(mainly community hospitals) with 74 ICUs over 18 months. In-
cluding baseline and intervention periods, a total of 122,464 pa-
tients were randomly assigned to 1 of 3 infection control strate-
gies. These were MRSA AST (culture-based) followed by isolation
of positive patients in group 1, surveillance followed by isolation
and decolonization of positive patients in group 2, and decoloni-
zation (universal) of all patients in group 3 (11). The primary
laboratory involvement was culture of AST swab samples for
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MRSA in groups 1 and 2, in addition to the usual role of perform-
ing cultures to detect infection when clinically needed (11). Rates
of bloodstream infection (BSI) caused by any pathogen were sig-
nificantly lower in both groups 2 and 3 than in group 1, with group
3 significantly lower than group 2. However, there were no signif-
icant differences in the rates of BSI caused by MRSA among any of
the 3 groups. A comparison of the groups for the rate of any
clinical MRSA infection found only group 3 to be superior to
group 1; there was no significant difference in the rates of MRSA
clinical infections between groups 2 and 3. Examination of the
supplementary data showed that preventing BSI from coagulase-
negative staphylococci (CNS) was the main driver of the reduction
in BSTin the ICU (12). For a pairwise group comparison of results
after removal of BSI caused by CNS, the rate ratio between group
3 versus group 2 was 0.9234 (95% confidence interval, 0.73 to 1.17;
P = 0.50). A summary of the results is found in Table 1.

(iii) Active surveillance testing. Robicsek and colleagues pub-
lished the first large study of this intervention using a before-after
quasi-experimental approach (9). This was a three-hospital study
over 45 months evaluating all-admission (universal) AST with
isolation and decolonization of nasal MRSA-positive patients.
Real-time PCR testing was used for nasal MRSA surveillance on
65,369 patients during three study periods (12-month baseline,
12-month ICU-only testing, and 18-month universal admission
testing). The laboratory involvement was real-time PCR of AST
swab samples for MRSA and performance of clinical cultures to
detect infection (9). The primary outcome was a change in clinical
MRSA disease. They found no significant reduction in MRSA clin-
ical disease during the ICU testing period and a 69.6% disease
reduction with universal admission testing (Table 1). While there
appears to be a reduction in disease during 2004 (the ICU testing
period) in Fig. 1 that includes these early data, it is important to
examine the original published report where this apparent reduc-
tion was not significant and recognize the fact that during the ICU
testing year, the rate of MRSA clinical disease was actually increas-
ing at the end of this focused surveillance trial (9). A statistically
significant and sustained reduction in MRSA disease did not occur
until all admission testing (e.g., universal admission testing) be-
gan in 2005 (9). When adding our additional years of this practice,
we included 501,129 more patients; in the final 2 years (calendar
years 2014 to 2015); this approach realized a rate of MRSA HAIT at
0.23 infections per 1,000 patient days (Fig. 1; Table 1).

Jain and colleagues reported the next large study, which was
done in the U.S. Veterans Affairs (VA) health care system (13) and
also used a before-after quasi-experimental design. This investi-
gation included 153 hospitals nationwide and took place from
October 2007 through June 2010; it included 1,934,598 admis-
sions, transfers, and discharges (13). Patients underwent universal
AST (primarily real-time PCR) with isolation (no decolonization)
of those who were MRSA positive. The laboratory involvement
was real-time PCR (admission) or culture (discharge) of AST
swab samples for MRSA and culture testing for infection (13). The
primary measured outcome was a change in clinical infection and
in the rate of MRSA transmission. There was a 62% reduction
in MRSA disease within the ICU setting and 45% fewer MRSA
infections hospital-wide (P < 0.001 for both). The results are
summarized in Table 1. The VA has also published an update
on their results through June 2012 that includes another
2,382,952 admissions, transfers, and discharges (14). They
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TABLE 1 Comparison of outcome measures with various approaches to MRSA control

Intervention studied

Population (no. of patients)

Outcome measured”

Results

Significance

Reference or report

Universal glove and gown
isolation

Universal decolonization
with mupirocin and
chlorhexidine

Universal AST (PCR)
with isolation and
decolonization of
MRSA patients

Universal AST (PCR)
with isolation of
MRSA patients

Universal AST (PCR)
with isolation of
MRSA patients

Universal (culture) or
targeted (PCR) AST
with isolation and
decolonization vs
enhanced hand
hygiene

Targeted AST (culture) v.
universal AST with
contact precautions
isolation of positives

Universal and targeted
AST (PCR) with
isolation with or
without
decolonization

Cluster-randomized trial in
20 ICUs (26,180)

Cluster-randomized trial in
74 1CUs (122,464)

Before-after design in 3
affiliated hospitals
(65,369)

Before-after design in 153
affiliated hospitals
(1,934,598)

Before-after design in 153
affiliated hospitals
(2,382,952)

Before-after-before quasi-
experimental design in
33 surgical units at 10
hospitals in 9 countries
(126,750)

Before-after-before quasi-
experimental design in 3
hospitals (147,975)

Before-after design in 4
affiliated hospitals
(501,129)

Acquisition of MRSA
(secondary); HAI
(secondary)

Rate of MRSA BSI (primary);
rate of MRSA clinical
culture (secondary)

Rate of all MRSA clinical
infections (primary)

Rate of all MRSA clinical
infections (primary) and
rate of MRSA
transmission (primary)

Rate of all MRSA clinical
infections (primary) and
rate of MRSA
transmission (primary)

Rate of all MRSA clinical
infections (primary) and
rate of MRSA surgical site
infections (primary)

Rate of newly identified
nosocomial MRSA
patients (clinical infection
and AST results
combined; primary);
MRSA nosocomial
infection (secondary)

Rate of all MRSA clinical
infections (primary)

Reduction from 10.03 to 6 MRSA acquisitions/1,000
patient days for intervention; 6.98 to 5.94 for
control; no change in HAI

Change from 0.46 to 0.49 MRSA BSI/1,000 patient
days for group 1, from 0.47 to 0.56 for group 2,
and from 0.58 to 0.38 for group 3; reduction
from 3.4 to 3.1 MRSA clinical cultures/1,000
patient days for group 1, 4.3 to 3.2 for group 2,
and 3.4 to 2.1 for group 3

Rate of MRSA clinical infection was 0.89 cases/1,000
patient days during baseline period, 0.74/1,000
during ICU testing period, and 0.39 during
universal admission AST period

Rate of MRSA disease in the ICU changed from 1.64
cases/1,000 patient days at beginning to 0.62 at
the end, and the non-ICU rate went from 0.47 to
0.26 cases/1,000 patient days; rate of transmission
in the ICU changed from 3.02 cases/1,000 patient
days at beginning to 2.5 at the end with the non-
ICU rate going from 2.54 to 2 cases/1,000 patient
days

Rate of MRSA disease in the ICU changed from 0.54
cases/1,000 patient days at beginning to 0.46, and
the non-ICU rate went from 0.29 to 0.16 cases/
1,000 patient days, with the combined rate
changing from 0.33 to 0.21 clinical infections/
1,000 patient days; rate of transmission in the
ICU changed from 2.54 cases/1,000 patient days
at beginning to 2.36 at the end with the non-ICU
rate going from 2.27 to 1.96 cases/1,000 patient
days

Only significant reductions in MRSA infections were

for clean surgical patients (n = 43,166
procedures); AST and decolonization had 15%
reduction in disease per month, with 18% in the
combined arm; after multivariable analysis, AST
and decolonization provided a 17% reduction
per month in total MRSA infection

Rate of nosocomial MRSA was 0.42 cases/1,000
patient days with targeted AST and 0.48 during
universal AST; MRSA BSI was 1.8 and 2.1 cases/
100,000 patient days, respectively; MRSA
detection rate prevalence was 0.98% during
targeted and 2.6% during universal AST periods

Final rate of MRSA clinical infection was 0.23 cases/
1,000 patient days during AST period; the fourth
hospital was added during the 10-yr period and
achieved the same level of MRSA HAI as the
original three hospitals after 3 yr (Fig. 1)

P = 0.046 for reduced acquisition of
MRSA colonization; all HAI rates
increased for intervention (P = 0.16 to
0.68)

P = 0.11 for change in MRSA BSI; for
comparison of intervention on MRSA
clinical cultures, P = 0.09 for group 2
vs 1, P = 0.003 for group 3 vs 1, and
P = 0.16 for group 2 vs 3

No significant difference between baseline
and ICU periods (P = 0.15); difference
was significant between baseline and
universal AST period (P < 0.001)

Change in both clinical infection and
transmission was significant in the ICU
and non-ICU populations (P < 0.001
for all comparisons)

The change in both clinical infection and
transmission was not significant in the
ICU, but was in the non-ICU and
overall populations (P < .001 for these
latter comparisons)

No impact from enhanced hand hygiene;
for clean surgery, significance of AST
plus decolonization was P = 0.019,
combined with hand hygiene was it
P = 0.007, and multivariable MRSA
reduction was P = 0.041

No significant differences found for
MRSA transmission; nonsignificant
reduction of MRSA nosocomial
infection of 0.011 cases/1,000 patient
days during universal AST

Difference was significant between
aggregate baseline and AST periods at
P < 0.001; targeted, risk-based
screening began in January 2012

10

11

13

14

15

17

New data in
current report

“ HAI, hospital-acquired infection; BSI, bloodstream infection.
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FIG 1 Rate of MRSA nosocomial infection (per 10,000 patient days). When
calculated from baseline for each hospital, the aggregate P value was <0.001.

have seen continued improvement relating to MRSA transmis-
sion and disease (Table 1).

A large multicenter, multinational trial that studied ap-
proaches to reduce MRSA in surgical patients was reported by Lee
and colleagues (15). The study included 10 hospitals in 9 countries
using 33 surgical wards with a total of 126,750 patients and was
designed as a prospective trial with a 6-month baseline, a 12-
month intervention, and 6-month washout study periods. The
interventions were enhanced hand hygiene training and MRSA
AST with contact precautions and decolonization of positive car-
riers (15). AST was conducted with chromogenic agar culture for
universal surveillance and PCR for targeted (risk-based) surveil-
lance. For patients undergoing clean surgery, there was a signifi-
cant reduction in MRSA clinical infection for the AST and decolo-
nization (15% per month) arm and for the combined AST and
decolonization plus enhanced hand hygiene arm (18% per
month). After multivariable analysis, the only significant reduc-
tion in clinical MRSA nosocomial infection was for patients un-
dergoing clean surgery in the AST and decolonization (17% per
month) arm (15). The results are summarized in Table 1. Note-
worthy is the fact that the lead investigators in this report earlier
published a widely recognized article indicating that AST was not
useful in preventing MRSA surgical infections (16), but the prior
population studied was from a single site with a somewhat smaller
population sample (n = 21,754), indicating the importance of
focusing on results from larger (and preferably multisite) studies
in order to extrapolate the results to a broader patient population.

The most recent large report is from Canada where Roth and
colleagues compared the impact of risk-based AST (e.g., targeted)
with that of universal testing (17). This study included three hos-
pitals in the Ottawa hospital system and was designed as a before-
after quasi-experimental investigation. The interventions were a
baseline of 24 months using targeted AST followed by 20 months
of universal AST. Testing was done by pooling swab samples from
various body sites in a broth culture with PCR performed on the
broth after incubation (17). AST was done within 48 h of admis-
sion, and the median length of hospital stay was 3 days. Other than
anearly 3-fold increased detection of MRSA-colonized patients at
the time of admission, there were no significant differences in
MRSA nosocomial infection or bacteremia comparing targeted or
universal AST (17). The results are summarized in Table 1. One
reason that no change in MRSA disease was seen is that the rate of
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clinical infection (<0.5 total infection and <0.03 MRSA BSI per
1,000 patient days) was very low throughout the study so that no
intervention was needed.

(iv) Key implications of MRSA control practices for labora-
tories. Based on the data discussed, there are two practices with
the potential to lower MRSA clinical infection rates: universal de-
colonization (11) and active surveillance testing (9, 13-15). AST,
combined with contact precaution isolation or with isolation plus
decolonization, was reported to achieve the lowest endpoint rates
of clinical MRSA disease: between 0.21 and 0.48 clinical infections
per 1,000 patient days for 5,032,023 enrollees (9, 13-14, 17), com-
pared to 2.1 cases per 1,000 patient days for universal decoloniza-
tion in a 122,464-patient study (11). The low AST disease rate
findings are consistent with a recent report from The Netherlands,
a country using “search and destroy” since 1988, where 0.11 cases
of clinical infection per 1,000 patient days (57 infections in
527,267 patient days) were found during a study from 2008 to
2013 (18). Thus, it would be expected that many health care orga-
nizations will use some form of MRSA prevention and control
approach that will heavily involve the laboratory.

Financial impact of MRSA control practices. The optimal way
to approach assessment of the financial impact of infection pre-
vention and control interventions has been controversial, but
much has been learned during the considerable focus on MRSA
disease. Potential costs to consider are those that occur during the
primary hospitalization plus those related to MRSA infection fol-
lowing hospital discharge. Nelson and colleagues recently re-
ported on the impact of a MRSA nosocomial infection (HAI) fol-
lowing discharge in the VA health care system (19). Over 3 years,
they studied 369,743 patients from 123 hospitals, of whom 3,599
(1%) had a positive culture for MRSA >48 h after admission.
They determined the associated health care cost within 1 year of
discharge (19), using a comparison to matched patients. Those
with a positive MRSA culture had $776 in additional outpatient
costand $12,167 in additional inpatient expense (19). Extrapolat-
ing this additional $12,943 cost of care after discharge from the 1%
of patients with a MRSA HAI to all admissions suggests that
$129.43 could be spent on each patient admitted for preventing a
MRSA clinical infection to still have a cost-effective prevention
initiative.

A novel approach for determining the financial impact of a
MRSA HAI during hospital admission has also been reported by
the VA health care system. In this evaluation, Nelson and col-
leagues determined the cost only after the MRSA HAI occurred
and compared that result to more typical methods for this type of
analysis such as when the entire hospitalization is included
(against matched patients) and the cost of MRSA infection when
matched to the cost for other patients based on the time to onset of
infection (20). The data set was 114 VA hospitals from 1 October
2007 to 30 September 2010 and included 121,520 patients in the
post-HAI analysis. The calculation showed that the total excess
costs for the MRSA HAI were 32% and 12% higher for the two
traditional methods and gave a figure of $24,015 when only costs
after infection were counted (20). Interestingly, when we assessed
the cost of a MRSA infection using a model that eliminated all
matched controls with an inpatient stay of less than 8 days (the
median time to onset of a MRSA HALI in our facilities), our total
cost assessment was nearly the same at $23,783 (21). Therefore,
the excess cost of a MRSA HAI can reasonably be approximated at
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$24,000 when one is contemplating the benefit of a successful
MRSA prevention and control program in the United States.

Huang and colleagues reported a very in-depth cost analysis on
the multicenter ICU trial (REDUCE MRSA) discussed earlier
where they developed a table for specifically calculating the cost of
any particular MRSA prevention and control intervention (22),
based on the data collected in their earlier report (11). Since the
table created contained virtually all costs associated with an inpa-
tient control program, it is straightforward for the microbiology
laboratory and the infection control and prevention department
at any hospital to develop a Microsoft Excel spreadsheet to deter-
mine both the cost and likely benefit of a MRSA control program.
Examples of such spreadsheets are shown in Fig. 2 and 3. Figure 2
can be used to determine the cost of a potential AST program. Itis
important to understand that if universal surveillance is the initial
AST intervention, one will quickly learn the risk factors for colo-
nization in one’s own patient population, and then a prediction
rule can be developed so that even though all patients are
“screened (by a computer algorithm)” at admission, only a por-
tion who are at higher risk actually need to be tested for MRSA
colonization (23). This is noted in line B of Fig. 2 where even
though the table is constructed for 1,000 patients, only 500 are
actually tested using a developed prediction rule. We imple-
mented a prediction rule that was developed from our own uni-
versal surveillance program in January 2012 and now only test
50% of admissions, even though all are screened for MRSA risk
using the prediction model (23). As can be seen from Fig. 1, the
downward trend of MRSA clinical disease continues after this
practice change. In the legend to Fig. 2 is a note on the cost of a
universal surveillance program if there is no decolonization. This
is included because the VA health care system does not decolonize
patients (13, 14), and we recently completed a trial in one of our
hospitals indicating that decolonization was not needed when
contact precautions were in practice (27). Figure 3 depicts a
spreadsheet that can be used to calculate the cost benefit of reduc-
ing MRSA clinical disease. Again there is a comparison of the
results from universal decolonization and universal surveillance
with a third column for entering local data. Use of Fig. 2 and 3 to
estimate the benefit of a MRSA prevention and control program
can provide a reliable estimate of costs and benefits before a deci-
sion is made on which intervention(s) to pursue.

MRSA control modeling, federal mandates, and the likely fu-
ture. A very interesting model for MRSA control was reported by
Bootsma and colleagues, who investigated a one-hospital model
and a three-hospital model that evaluated the impact of rapid
diagnostic testing (results within a few hours) on MRSA control,
based mainly on their own data (28). In a setting with no MRSA
control, the prevalence of MRSA-colonized patients within the
hospital would saturate at 15%. Most interestingly, they found
that isolation of MRSA carriers identified by clinical cultures was
insufficient to adequately interrupt MRSA transmission (and con-
trol clinical disease) and that the prevalence would plateau at 5%.
Our own experience confirms their modeling; isolation of patients
with clinical MRSA infection has been the practice for decades,
and our hospital prevalence when tested in 2004 was 8.5% (21),
even exceeding the model estimate and implying that our isolation
efficacy was insufficient (28). In the model, application of contact
precautions to those clinically infected combined with AST of pa-
tients at risk for MRSA had the impact of lowering MRSA preva-
lence. Concerted application of AST in a setting of high nosoco-
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ICU Universal Universal AST Local Program
Decolonization (9, 21) Data
(11, 22)
A Total
SdbRcsiohe 1,000 1,000 Add local data
B No. of ASTs Atimes % of
0 RS patients tested
C MRSA Will be
Prevalence 11% 5.5% determined by
AST
2o P.atlent Atimes local
Days: US
mean is 5 4391 5,100 mean length of|
days (24) stay (LOS)
E No. Isolation F times local
Days: goal is LOS after AST
>80% of LOS 0 296 results or
(25) assume goal
of 80% times
local LOS
F No. Patients B times C for
decolonized 1’000 55 AST program
G Cost of AST:
Range $11.23
to $42.00; $20 B times local
used in 0 $10.000.00 AST cost
example (7,
26)
H Room entries 6 29 Add local
per day observed data
| Cost of daily
isolation at :
: 1.80
$1.80/entry 0 $52.20 Htimes $
(22)
- ng;tgn 0 $11771.10  Etimes|
K Cost of daily Dand E
decolonization respectively,
at $6.69 for times $10.09
chlorhexidine (assumes
(2)andsaq0 $4430519  S22830 ioyion ang
for mupirocin decolonization
done
concurrently)
L Total Cost of Sumof G, J,
program $44 305.19 $24,046.40 and K

FIG 2 Sample table for calculating cost of a MRSA control program. The
mean price for mupirocin ($16.99 per 22 g, 2% tube) was obtained from
http://www.goodrx.com/mupirocin. Note that the total cost of the AST pro-
gram with no colonization is $21,771.10. See cited references 7, 9, 11, 21,
22,23, 24, 25, and 26.

mial endemicity reduced the nosocomial prevalence to <1%
within 6 years (28). This model suggests a two-phase process
where a rapid reduction in MRSA is seen initially, followed by a
continued decline to a very low level of MRSA prevalence, as seen
from our NorthShore data in Fig. 1. Rapid diagnostic testing in-
creased the program feasibility and decreased the prevalence faster
than did culture (28).

Another impetus to reduce MRSA disease is the recent action
of the Center for Medicare and Medicare Services (CMS). On 1
October 2016 (the beginning of U.S. fiscal year [FY] 2017) CMS
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ICU Universal Universal  Local Program
Decolonization  AST (9, 21) Data
(11, 22)
AlTotal 1000 1000  Add local data
admissions
B Beginning Add local data
MRSA Disease calculated
Rate as from LIS
Cases/1,000 3.40 0.89 Clinical
Patient Days Cultures
9,11 Positive for
MRSA
C Ending MRSA
Disease Rate
S:(r:)oevc\;/:e:)r aé Add local data
Cases/1,000 2.10 0.23 orassume <.3
Patient Days Asigen
(11, 14, and
current data)
D Mean cost of
MRSA infection Add local data
at $24,000 (20, $24,000.00 $24,000.00 orassume
21) $24,000.00
E No. MRSA B minus C
Clinical times local
Disease 3.90 337 LOS, or
Cases Avoided assume LOS
= 5 days (24)
F{Gostbenche $93,600.00  $80,784.00 D times E
from program

FIG 3 Sample table for calculating cost benefit of a MRSA control program.

adopted the assessment of hospital-onset MRSA bacteremia as a
measure in the safety domain and increased domain measure
weight to 20%, with the fining of hospitals having too high a dis-
ease rate (29). These fines are substantial and will place consider-
able pressure on U.S. hospitals to reduce or eliminate MRSA nos-
ocomial bacteremia (and eventually all MRSA HAIs). Since AST is
one of the core measures for prevention and control in the Society
for Health Epidemiologists of America (SHEA) guide for reducing
MRSA clinical disease when routine practices are not sufficient
(30), this will place increasing pressure on health care organiza-
tions to act, and substantial involvement by the clinical microbi-
ology laboratory is very likely.

Laboratory monitoring of MRSA clinical disease rates and
suggested disease targets. The microbiology laboratory has
unique access to data for its health care organization that enables
the rapid calculation of MRSA disease rates. Virtually all labora-
tory information systems (LIS) used in U.S. hospitals have the
capability of determining the annual number of MRSA-positive
clinical cultures from specimens submitted more than 2 days after
admission to the hospital. If one organizes these data so that
each positive patient is only included once per month, then the
laboratory has the data necessary for an accurate estimate of the
clinical disease rate (8, 11). The same can be done for estimat-
ing MRSA BSI by simply collecting only blood culture data, if
that is the desired metric. One caution for use of BSI data is that
application of a care bundle for prevention of CLABSI can
markedly reduce BSI from central venous catheters (31, 32), so
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that the desired level of MRSA BSI should be very low with
good catheter care and a MRSA control program (our organi-
zation’s rate has remained under the proposed 0.03/1,000 pa-
tient days target for 9 years). Once the numerator is deter-
mined, only the number of inpatient days is needed, typically
available from the finance department and often published on
the hospital website in its annual report. Then, the calculation
of the MRSA clinical disease rate estimate (disease per 1,000
patient days) is straightforward using the formula: total posi-
tive clinical cultures (or MRSA BSI) divided by total inpatient
days times 1,000 days. A target threshold for separating ade-
quate versus inadequate MRSA prevention and control in U.S.
hospitals (based on articles discussed in this review) is shown in
Table 2.

Once the decision has been made to introduce an AST pro-
gram, the laboratory will be tasked with choosing the format of
MRSA surveillance testing to adopt. Key to the decision process is
selection of a testing system with sufficient sensitivity and result
reporting time so that a combination of these factors will enable
placing patients in contact precautions for 80% of the time they
are in the hospital (9, 25, 26). This is critical since the most
expensive AST program is one where testing is done, but MRSA
clinical disease is not reduced, an outcome to be avoided. The
other factors important for the decision are test cost and per-
formance specificity. The test cost directly impacts the expense
of the assay to the laboratory and the specificity of the assay
impacts the cost of the program to the health care organization
(7, 33). For example, a test with high cost and high specificity
may actually be less expensive overall than one with low cost
and low specificity since low specificity leads to unnecessary
patient isolation, which can add as much as $30,000 of unnec-
essary isolation cost for every 10,000 tests done for each 1% loss
of test specificity (33). More discussion of the potential eco-
nomic and patient safety impacts of test specificity is provided
by Brukner and colleagues, who point out that some commer-
cial assays have unacceptably low specificity (which can be im-
proved) that can lead to adverse outcomes, especially when
colonization prevalence is low (34).

SUMMARY

Over the past decade several large studies from the United States,
Europe, and Canada have addressed key approaches for improv-
ing patient safety by reducing the risk of health care-associated
MRSA clinical disease. With more than 5 million patients studied
in these investigations, the data indicate that AST with application
of contact precautions (with or without decolonization of MRSA-
colonized persons) and universal decolonization of all patients are
the two likely strategies for achieving clinical disease reduction,
with AST providing the lowest rate of MRSA infection. Very low
rates of clinical disease can be achieved with a successful program.

TABLE 2 Proposed target thresholds for MRSA clinical culture rate
(e.g., clinical disease rate) for U.S. hospitals

Sample Target rate Reference(s) or report

<0.3/1,000 patient days

14 and data in current
report

14, 31, 32 and data in
current report

All clinical samples

Blood cultures <0.03/1,000 patient days
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Health care organizations should assess their rate of MRSA clinical
infection and if all potential body infection sites have a rate of
>0.3/1,000 patient days or bloodstream infection a rate of >0.03/
1,000 patient days, then implementation of a MRSA prevention
and control strategy should be undertaken.
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