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The present study aimed to determine the frequency of methicillin-resistant Staphylococcus aureus (MRSA)-
positive clinical culture among hospitalized adults in different risk categories of a targeted MRSA active
surveillance screening program and to assess the utility of screening in guiding empiric antibiotic therapy. We
completed a prospective cohort study in which all adults admitted to non-intensive-care-unit locations who had
no history of MRSA colonization or infection received targeted screening for MRSA colonization upon hospital
admission. Anterior nares swab specimens were obtained from all high-risk patients, defined as those who
self-reported admission to a health care facility within the previous 12 months or who had an active skin
infection on admission. Data were analyzed for the subcohort of patients in whom an infection was suspected,
determined by (i) receipt of antibiotics within 48 h of admission and/or (ii) the result of culture of a sample
for clinical analysis (clinical culture) obtained within 48 h of admission. Overall, 29,978 patients were screened
and 12,080 patients had suspected infections. A total of 46.4% were deemed to be at high risk on the basis of
the definition presented above, and 11.1% of these were MRSA screening positive (colonized). Among the
screening-positive patients, 23.8% had a sample positive for MRSA by clinical culture. Only 2.4% of patients
deemed to be at high risk but found to be screening negative had a sample positive for MRSA by clinical
culture, and 1.6% of patients deemed to be at low risk had a sample positive for MRSA by clinical culture. The
risk of MRSA infection was far higher in those who were deemed to be at high risk and who were surveillance
culture positive. Targeted MRSA active surveillance may be beneficial in guiding empiric anti-MRSA therapy.

Tremendous disagreement exists about the utility of active
surveillance for the detection of methicillin-resistant Staphylo-
coccus aureus (MRSA). The primary rationale for the use of
active surveillance culturing is to identify MRSA-colonized
patients, followed by institution of contact-isolation precau-
tions and/or decolonization regimens, in order to decrease
patient-to-patient transmission. There continues to exist great
controversy over its benefit (1). The Society for Healthcare
Epidemiology of America (SHEA) strongly advocates for its
use (14). Veterans Affairs (VA) hospitals and some states,
including Illinois, have mandated that active surveillance be
used for all admitted patients deemed to be at high risk (25).
However, other organizations, such as the Healthcare Infec-
tion Control Practices Advisory Committee (HICPAC), do not
recommend routine active surveillance for the detection of
MRSA (23). Recent studies have had conflicting results (6, 19).
Some studies suggest that targeted surveillance, where swab
specimens for active surveillance are not obtained from all
patients, may be more efficient (4).

In addition to lowering the rate of patient-to-patient trans-

mission of MRSA, early identification of MRSA-colonized pa-
tients via active surveillance, especially with the newly emerged
rapid diagnostic methods, such as PCR, for identifying MRSA,
could be used to guide more appropriate empiric antibiotic
coverage. Rapid testing for MRSA could be used to help guide
appropriate empiric antibiotic therapy because S. aureus colo-
nization is known to be a strong risk factor for S. aureus
infection (24, 20). Data from previous studies have suggested
that patients with S. aureus and MRSA infections who do not
receive appropriate empiric therapy or who receive delayed
appropriate therapy have worse patient outcomes (9, 11, 12).
To our knowledge, no study has assessed the clinical utility and
feasibility of targeted MRSA active surveillance to guide em-
piric anti-MRSA therapy. The aim of the present study was to
assess the potential clinical utility and feasibility of a program
of targeted MRSA active surveillance in guiding empiric anti-
biotic therapy by determining the frequency of MRSA-positive
clinical cultures of samples among hospitalized patients in dif-
ferent risk categories. Additionally, we calculated the number
of individuals who needed to be treated for each risk group so
that clinicians can begin to weigh the benefits of treating indi-
vidual patients with anti-MRSA therapy against the risk of
overall population exposure to empiric antibiotics.

MATERIALS AND METHODS

Study design and patient population. The present study was approved by the
institutional review board of the University of Maryland, Baltimore, MD. This
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study utilized a prospective cohort of adult patients who were admitted to
non-intensive-care units (non-ICUs) at the University of Maryland Medical
Center (UMMC) from 1 February 2007 to 30 June 2008 and who had no history
of MRSA colonization or infection. The hospital is a 648-bed, tertiary-care,
academic referral center that serves most of metropolitan Baltimore.

On 1 February 2007, UMMC began performing targeted screening for MRSA.
On the basis of a previously published rule for prediction of the existence of
MRSA, patients were asked on admission two questions as part of the nursing
intake triage: (i) have you been admitted to any health care facility in the last 12
months? and (ii) do you have a skin infection (e.g., boil, abscess, spider bite, or
cellulitis) at this time? (3). Those who answered “yes” to either question were
deemed to be at high risk and were targeted to undergo surveillance nasal
swabbing on admission. The nursing intake triage form was administered upon
patient admission. Answering either question “yes” automatically generated an
order for a swab of the anterior nares for MRSA surveillance to be taken. This
was done to increase the compliance and speed of obtaining the surveillance
swab results for MRSA.

We chose to analyze several subcohorts of this cohort to assess the frequency
of MRSA-positive clinical cultures of samples among hospitalized patients in
different risk categories of a targeted MRSA active surveillance program and to
assess the potential clinical utility of targeted MRSA active surveillance in
guiding empiric antibiotic therapy. The primary subcohort analyzed was (i)
patients who had received any oral or parenteral antibiotic within the first 48 h
of admission or from whom a sample for clinical culture was obtained within the
first 48 h of admission. Other subcohorts analyzed were (ii) patients who had
received an antibiotic within the first 48 h of admission and from whom a sample
for clinical culture was obtained within the first 48 h of admission, (iii) patients
who had received an antibiotic within the first 48 h of admission, and (iv) patients
from whom a sample for clinical culture was obtained within the first 48 h of
admission. All four analyses yielded similar results. These subcohorts were cho-
sen because they represented the patients in whom clinicians likely suspected an
infection and, thus, patients who received empiric antibiotic therapy. For the
cohorts and subcohorts, the samples used for clinical culture were those obtained
within the first 48 h of admission for nonsurveillance purposes. The antibiotics
received within the first 48 h of admission were defined as and determined from
the antibiotic orders for the patients in the cohort within 48 h of admission.

Data collection and variables. All data were abstracted from the UMMC
central data repository, which contains the patients’ demographic data, micro-
biological data, and pharmacy data. The validity of these data was assessed by
randomly sampling 2% of the patients’ electronic data records and comparing
them to the original paper medical records. The positive and negative predictive
values of this assessment exceeded 99% each, which was similar to the values
seen in previous studies with the same data source (5, 7).

The primary outcome variable was the presence of a positive clinical culture
result for MRSA for a sample obtained during the same admission, i.e., at any
time between hospital admission and hospital discharge. Samples obtained from
patients during the same admission in which they underwent screening for
MRSA were assessed by clinical culture. Preexisting comorbid conditions were
assessed by use of the Charlson comorbidity index (2). We then determined what
proportion of the clinical culture-positive samples represented actual infection,
as defined using National Healthcare Safety Network (NHSN) definitions. To
accomplish this, a senior infection control practitioner (L.J.C.) reviewed each
medical record and classified each sample tested by clinical culture as being
infected with MRSA or not (8, 15).

Microbiological methods. Surveillance specimens of the anterior nares were
obtained upon admission using one swab for both the right and the left nares.
Nasal swabs were processed for MRSA detection using a GeneOhm MRSA
assay (Becton Dickinson, Franklin Lakes, NJ), according to the manufacturer’s
instructions.

Statistical analyses. All statistical analyses were performed using SAS statis-
tical software, version 9.1 (SAS Institute Inc., Cary, NC). Means and frequency
distributions were used to describe the characteristics of the study population.
We calculated negative predictive values to assess the ability of the targeted
active surveillance program to identify patients from whom samples for clinical
culture for MRSA detection were not obtained during the same hospital admis-
sion.

RESULTS

During the 17-month study period, 29,978 patients were
admitted to non-ICU wards and were asked the targeted
MRSA screening questions. The demographics of these pa-

tients are as follows. The mean age of the patients was 45 years,
and 52% of the patients were male. The mean length of stay in
the hospital was 4.9 days, and the median was 2.9 days. The
mean comorbidity score, measured from the Charlson comor-
bidity index, was 1.65, and the median was 1.00. A total of
2,681 (9%) patients were already known to be MRSA positive
on the basis of the results of clinical or surveillance cultures
from previous admissions and were not tested for MRSA in-
dependently of being asked questions on the nursing intake
triage admission form.

Figure 1, a patient flow diagram, displays the cohort and
subcohorts of the patients and the results presented below. A
subcohort of 12,080 patients received empiric antibiotics within
the first 48 h and/or provided a sample for clinical culture in
the first 48 h. Clinicians likely suspected that the patients in
this group had an infection. The demographics of these pa-
tients are as follows. The mean age of the patients was 45 years,
and 52% of the patients were male. The mean length of stay in
the hospital was 6.0 days, and the median was 3.6 days. The
mean comorbidity score, measured by the Charlson comorbid-
ity index, was 1.75, and the median was 1.00. In the first 48 h,
the following proportions of patients received the indicated
antibiotics: 2% vancomycin, 16% cephalosporins of any kind,
14% quinolones, 13% cephalosporins cefazolin and cepha-
lexin, and less than 1% carbapenems. In this subcohort, 5,609
(46.4%) answered “yes” to one or both of the questions and
thus underwent swabbing for active surveillance screening for
MRSA. Of these individuals, 623 (11.1%) were PCR positive
for MRSA. Of the 623 MRSA-positive patients, samples ob-
tained from 148 (23.8%) during the same admission were also
positive for MRSA by clinical culture. A total of 121 (2.4%) of
4,986 patients who answered “yes” to the screening question
but who were negative for MRSA by active surveillance PCR
on admission had a subsequent positive culture result for
MRSA (negative predictive value, 98%). One hundred four
(1.6%) of 6,471 patients who answered “no” to either screen-
ing question and who thus did not undergo the active surveil-
lance test had a positive result for MRSA by clinical culture of
a sample (negative predictive value, 98%). Of the 2,681 pa-
tients who were previously known to be MRSA positive but
who were excluded from the screening program, 255 (9.5%)
had a positive result for MRSA by clinical culture of a sample
obtained on the admission where they were excluded from the
screening. The Charlson comorbidity index, either used as a
continuous variable (P � 0.18) or a categorical variable, was
not statistically significantly associated with a positive result for
MRSA by clinical culture of a sample. Table 1 demonstrates
the sensitivity, specificity, and positive and negative predictive
values for each group, along with the number of individuals in
each group who needed to be treated. The number of individ-
uals in each group who needed to be treated is used to indicate
the number of patients who need to be treated with anti-
MRSA coverage in order to treat one patient who has a pos-
itive result for MRSA by clinical culture of a sample. Thus, in
this study, 4 patients in the high-risk, surveillance-positive
group would need to receive anti-MRSA therapy, while 63
patients in the low-risk group who were screening question
negative would need to be treated.

Information about the samples from the 12,080 patients
positive for MRSA by clinical culture is as follows. During the
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same admission (between the times of hospital admission and
hospital discharge), 373 patients provided 537 samples that
were clinical culture positive for MRSA; of these, 50 (9.3%)
were blood samples, 7 (1.3%) were obtained during bronchos-
copy, and 1 was a cerebrospinal fluid specimen. There were 314
(58.5%) wound specimens and 57 (10.6%) sputum specimens
that were cultured. Using the NHSN definitions outlined in
Materials and Methods, we found that 305 (82%) of the 373
patients had clinical infections: 159 had skin and soft tissue infec-
tions, 53 had surgical site infections, 33 had bloodstream infec-
tions, and 24 had pneumonia or lower respiratory tract infections.
The first samples from the 373 patients positive by clinical culture
were obtained a median of 12 h after admission, and 75% of the
first samples positive by clinical culture were obtained by 43 h
after admission.

We performed an additional analysis of the subcohort of
3,097 patients who received empiric antibiotic treatment within
the first 48 h and from whom a sample for clinical culture was
obtained in the first 48 h (Table 2). Clinicians suspected the
individuals in this group of having an infection, and the anti-
biotics used were chosen empirically. Of the individuals in this

subcohort, 1,751 (45%) answered “yes” to one or both of the
screening questions and thus underwent swabbing for active
surveillance for MRSA. Of these 1,751 patients, 202 (12%)
were positive for MRSA by active surveillance. Of the 202
positive patients, 60 (30%) were also positive for MRSA by
clinical culture of a sample on the same admission. Fifty-three
(3.4%) of the patients who answered “yes” to the screening
question but who had a negative active surveillance PCR result
had a positive result for MRSA by clinical culture of a sample
(negative predictive value, 96%). Thirty-five patients (2.6%)
who answered “no” to both screening questions and thus for
whom the active surveillance test was not performed had a
positive result for MRSA by clinical culture of a sample (neg-
ative predictive value, 97%). To test the generalizability of our
findings outside the empiric therapy cohorts, we completed a
sensitivity analysis using the entire cohort and a subcohort of
individuals who received antibiotics but for whom samples for
culture were not obtained during the first 2 days of admission.
In these analyses, we found very similar results for both the
whole cohort of 29,978 patients and the subcohort of 8,022

FIG. 1. Patient flow diagram displaying the cohort and subcohorts of patients and the results below.

TABLE 1. Sensitivity, specificity, negative predictive value, positive predictive value, and number of different screening groups needed to
treat to predict MRSA clinical culture result among patients for whom clinical culture of a sample was performed or who received

antibiotics in the first 48 h of admission

Group Sensitivity
(%)

Specificity
(%)

Positive
predictive
value (%)

Negative
predictive
value (%)

No. needed
to treat

Screening question answers “yes” and MRSA surveillance test positive 39.7 95.9 23.8 98.0 4
Screening question answers “yes” and MRSA surveillance test negative 32.4 58.4 2.4 96.5 42
Screening question answers “no” and thus not tested for MRSA 27.9 45.6 1.6 95.2 63
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patients that included only patients who received antibiotics in
the first 48 h (data not shown).

DISCUSSION

In the study described here, we demonstrate that a targeted
program of active surveillance for MRSA in the non-ICU
setting may be useful in guiding empiric antibiotic therapy. We
found that 24% of screening swab-positive, MRSA-colonized
patients had a positive result for MRSA by clinical culture of a
sample during the same admission, whereas only 2.4% of pa-
tients who answered “yes” to the screening questions but who
were screening swab negative for MRSA had a positive result
for MRSA by clinical culture of a sample during the same
admission. Only 1.6% of the patients who answered “no” to
both screening questions had a positive result for MRSA by
clinical culture of a sample. If only the patients known to be
colonized with MRSA received empiric anti-MRSA antibiot-
ics, four patients would be treated for every one patient who
had a positive result for MRSA by clinical culture of a sample.
If the whole cohort received anti-MRSA antibiotics, 32 pa-
tients would be treated for every 1 patient who had a positive
result for MRSA by clinical culture of a sample. The negative
predictive value for both the screening test-negative group and
the group that answered “no” to the screening questions were
98%. However, the sensitivity of a positive screening test result
for identifying patients with a positive result for MRSA by
clinical culture of a sample was 39.7%.

We believe that the results of this study are important. Many
hospitals in the United States are performing cultures for ac-
tive surveillance for MRSA for patients both inside and out-
side intensive care units. Our results are important in helping
to guide hospitals with making the decisions about whether
they are going to perform active surveillance in all intensive
care units or the whole hospital or whether they are going to
target active surveillance to certain patient populations. We
also believe that by providing data such as the number of
patients who need to be treated and the sensitivity of the
different screening categories, clinicians will be better able to
make decisions about the role of anti-MRSA therapy. To be
clear, we are not suggesting that low-risk patients not receive
anti-MRSA therapy; rather, we are suggesting that clinicians
should use their individual judgment in those cases.

Our results suggest that patients who are MRSA colonized
and who are suspected of having a clinical infection should
receive empiric antibiotic coverage that includes therapy di-
rected at MRSA. Other conclusions from our results are more
dependent on clinicians’ attitudes toward certain trade-offs
that they face when choosing empiric therapy. Issues to be
considered relative to these trade-offs include (i) clinician at-

titudes toward what an acceptable positive predictive value is
(i.e., how many MRSA infections are they willing to miss by
not providing empiric anti-MRSA antibiotic coverage?); (ii)
clinicians’ attitudes toward the amount of individual and soci-
etal collateral damage consisting of the development of anti-
microbial resistance exists from using broad spectrum anti-
MRSA antibiotics; and (iii) the frequency of adverse events,
such as Clostridium difficile infections, from using broad-spec-
trum antibiotics (13, 16–18, 27). If clinicians want their deci-
sions to have a high sensitivity and provide anti-MRSA anti-
biotics to most, if not all, patients who have a clinical MRSA
infection to avoid missing patients who would benefit from
anti-MRSA antibiotics, they will provide anti-MRSA antibiot-
ics to many patients who are unlikely to benefit. This type of
clinician behavior may contribute to the public health problem
of the emergence of antibiotic resistance and increased inci-
dences of side effects in individual patients from the unneces-
sary use of antibiotics. However, if, for example, clinicians
provide anti-MRSA antibiotics only to patients who are MRSA
positive by the use of culture of specimens for active surveil-
lance, they must realize that the sensitivity of the test is not
optimal and, thus, that there will be patients not receiving
anti-MRSA antibiotics who will go on to develop MRSA in-
fections.

Harbarth et al. studied active surveillance for MRSA and a
decolonization regimen with more than 10,000 surgical pa-
tients in a 20,000-patient randomized trial (6). Their primary
outcome was MRSA infection. They concluded that a univer-
sal, rapid strategy that uses screening for MRSA on admission
and a decolonization regimen did not reduce the incidence of
nosocomial MRSA infections in a surgical department where
MRSA was endemic. Although it was not a primary outcome
of the study, they observed that 5% of the patients newly
identified to be positive for MRSA on admission screening and
0.5% of patients negative on admission developed a MRSA
infection during their surgical hospitalization. This suggests
that a targeted active surveillance screening program could be
used to optimize empiric antimicrobial therapy. A study by
Wertheim et al. evaluated S. aureus carriage rates and the
subsequent S. aureus infection rates (26). They observed that
the incidence of nosocomial S. aureus bacteremia was three
times more frequent in S. aureus carriers than noncarriers. A
systematic review suggested that patients colonized with
MRSA are four times more likely to develop a clinical infec-
tion than patients colonized with methicillin-susceptible S. au-
reus (21). As part of a whole-hospital universal (nontargeted)
active surveillance program that involved the collection of sam-
ples for culture upon hospital admission and then the collec-
tion of samples for culture upon transfer to hospital units or

TABLE 2. Sensitivity, specificity, negative predictive value, positive predictive value, and number of different screening groups needed to
treat among patients for whom clinical culture of a sample was performed and who received antibiotics in the first 48 h of admission

Group Sensitivity
(%)

Specificity
(%)

Positive
predictive
value (%)

Negative
predictive
value (%)

No. needed
to treat

Screening question answers “yes” and MRSA surveillance test positive 40.5 95.2 29.7 97.0 3
Screening question answers “yes” and MRSA surveillance test negative 35.8 49.3 3.4 93.9 29
Screening question answers “no” and thus not tested for MRSA 23.7 55.5 2.6 93.6 38
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chronic care facilities, Robicsek et al. found that patients col-
onized with MRSA were 12.9 times more likely to have a
positive result for MRSA by clinical culture of a sample (20).
The findings of these studies support our findings that MRSA
carriers are more likely to have a clinical infection due to
MRSA.

A limitation of our study is that the targeted surveillance
program was not studied by use of a randomized controlled
trial, and thus, we were not able to assess the impact of a
targeted surveillance program on patient outcomes and the
actual choice of empiric antibiotic therapy. Thus, the impact of
the targeted surveillance program on clinical outcomes re-
mains unclear. The study was performed at a single institution
with a high prevalence of MRSA. This may affect the gener-
alizability of the results of this study to other patient popula-
tions, especially populations with different prevalences of
MRSA colonization on hospital admission. However, future
economic evaluations could utilize these results to estimate the
cost-effectiveness of targeted surveillance strategies in settings
with higher or lower prevalences.

Because this was not a randomized controlled trial, the fre-
quency of antibiotic administration, the frequency of ordering
of clinical cultures of samples, and the choice of antibiotics was
not controlled but was based on the clinicians’ medical judg-
ment. However, we believe that the physicians’ knowledge of
the MRSA colonization or infection status of their patients
likely led them to choose more often antibiotics that covered
MRSA; thus, this may have led to a bias that underestimated
the frequency of MRSA-positive clinical culture results among
the group colonized with MRSA (22). This would lead to an
underestimate of the potential utility of a targeted MRSA
active surveillance program. A potential concern relative to the
use of answers of “no” to the screening questions or a negative
PCR result for MRSA to guide empiric therapy is the potential
adverse events for patients who do not receive empiric anti-
MRSA antibiotic therapy. This concern should be the highest
in geographic areas and cities with high MRSA prevalence
rates. However, the geographic area where this study was done
has one of the highest prevalence rates of MRSA, which would
mediate this concern (10). A limitation of the study is that only
nasal swab specimens were cultured to identify patients colo-
nized with MRSA. The literature reports that in from 5 to 15%
of MRSA-colonized patients, MRSA will be detected in only
extranasal sites. As well, the PCR method used in our study is
reported to have rates of false-positive results of anywhere
from 2 to 10%.

An important variable that could affect the potential benefit
of a targeted active surveillance program in guiding empiric
antibiotic therapy is the turn-around time of the screening
method. In our study, the first positive clinical cultures were
obtained at a median of 12 h after admission and 75% of the
first positive clinical cultures were obtained by 43 h after ad-
mission. Thus, our study suggests that the turnaround time of
the active surveillance method must be extremely rapid in
order to have a significant potential impact on the choice of
empiric antibiotic treatment.

Our study demonstrates that a large percentage of patients
who are deemed to be at high risk for MRSA colonization
according to their responses to questions on a questionnaire
and who are targeted by active screening and found to be

MRSA colonized have a positive result for MRSA by clinical
culture of a specimen on the same admission. Very few high-
risk patients with a negative MRSA screening test and even
fewer patients in the low-risk group have a clinical culture
positive for MRSA. We conclude that a targeted program of
active surveillance for MRSA may be beneficial in guiding
empiric therapy for suspected MRSA infections.
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