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The duration of colonization with methicillin-resistant
Staphylococcus aureus is not well defined. During 1564 ad-
missions after a clinical culture or surveillance test positive
for methicillin-resistant Staphylococcus aureus, we retested
patients for methicillin-resistant Staphylococcus aureus col-
onization. During the first year after the positive culture
result was obtained, 48.8% of the patients (95% confidence
interval, 45.8%—-51.7%) remained colonized; at 4 years, 21.2%
of the patients (95% confidence interval, 13.1%-31.4%) re-
mained colonized.

It is commonly presumed that patients with a history of meth-
icillin-resistant Staphylococcus aureus (MRSA) colonization or
disease are likely to still be colonized when they are readmitted
to the hospital. This assumption underlies the hospital practice
of maintaining lists that flag MRSA-positive patients so that,
at hospital admission, they can be placed in contact isolation
[1] and, when necessary, given appropriate empirical therapy
and antibiotic prophylaxis. It is not known for how long after
an episode of MRSA colonization or disease a patient should
be flagged as an infection-control risk. Prior studies that ex-
amined the duration of MRSA colonization have been small
and limited to specialized patient populations [2—8], and clear
guidelines have not been set [9].

NorthShore University HealthSystem is a 3-hospital health
care organization in suburban Chicago in which universal ad-
mission surveillance for MRSA is practiced [10]. In this ret-
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rospective study, we determined the duration of MRSA colo-
nization in a large population of patients who were retested at
hospital admission after a prior episode for which a MRSA test
yielded a positive result.

Methods.
at any of the 3 participating hospitals from 1 November 2006
through 31 December 2007 were included if both of the fol-
lowing conditions were true: (1) they had a past clinical (not

All nonneonatal patients hospitalized overnight

surveillance) culture positive for MRSA at any time from 1
January 2002 through the day prior to hospital admission or
a positive result of a surveillance test (and no positive result
of a past clinical culture) for MRSA at any point from 1 No-
vember 2006 through the day prior to hospital admission, and
(2) they were tested for MRSA colonization within 2 days after
hospital admission.

Double-headed premoistened swabs (BBL CultureSwab; Bec-
ton Dickinson) were used to obtain bilateral anterior nares
samples from all included patients. Swab samples were pro-
cessed using the BD-GeneOhm real-time PCR test (Becton
Dickinson); processing was modified to accommodate high-
volume testing [11]. Positive results were confirmed with cul-
ture on colistin-nalidixic acid agar with 5% sheep blood (Re-
mel), followed by a Staphaurex latex agglutination test (Murex
Biotech) and PCR testing for the presence of the mecA gene.
A true-positive result of a PCR test was defined as the recovery
of MRSA on culture or, if no MRSA grew on culture, a positive
PCR test result in the presence of a culture positive for MRSA
in the previous 12 months [11]. Any other positive PCR result
was considered to be a false-positive result. Patients with a
history of a positive MRSA test result were considered to be
persistently colonized if they had a true-positive surveillance
test result at hospital admission or a positive clinical culture
result within 2 days after hospital admission.

For all study patients, the laboratory information system
(which includes all inpatient and outpatient laboratory tests),
the hospital administrative databases, and the electronic med-
ical record were used to determine individual patient details.
The method of Elixhauser et al. [12] was used to determine
certain comorbidities from International Classification of Dis-
eases, Ninth Revision codes. Long-term care facility residence
was determined through review of nursing admission notes and
the home addresses of all patients. Institutional review board
approval was obtained for data collection.

Backward stepwise logistic regression modeling was used to
evaluate the utility of hospital admission and demographic
characteristics, the presence of comorbidities, the time since
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Figure 1.

Decrease in the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) over time. There were 1564 hospital admissions of

patients with a history of MRSA colonization. Each point represents ~50 admissions.

the last positive MRSA test result, and whether the last test was
a clinical or surveillance test as predictors of continued colo-
nization with MRSA. All variables that were statistically sig-
nificant (P = .1) in univariate models were entered into the
multivariable model. Statistically nonsignificant predictors were
then removed one at a time until only variables with P<.05
remained. The final model was then fit using generalized es-
timating equation methodology, to adjust for the noninde-
pendence introduced by repeat hospital admissions for some
patients [13]. We elected not to use Kaplan-Meier survival es-
timates because, for previous MRSA carriers who were not
colonized at the time of hospital admission, the true time at
which they became uncolonized was unknown. Kaplan-Meier
estimates would assume that they remained colonized until the
date of the study admission, which would lead to an overes-
timate of colonization duration. Statistical analyses were per-
formed using SAS, version 9.1 (SAS Institute).

Results. Of 48,203 overnight admissions to the hospital
during the study period, surveillance testing was performed in
43,504 (90.3%). In 1564 hospital admissions (involving 824
patients), there was a prior clinical culture positive for MRSA;
996 of these occurred after a clinical culture for MRSA, and
the remainder occurred after only a positive surveillance test
result. The hospital admissions after a clinical culture occurred
a mean of 518.7 days (median, 296 days) after the most recent
positive clinical culture result. Because universal surveillance
data were only available from November 2006 onwards (as
opposed to January 2002 onwards for culture data), the mean
and median times to hospital admission after only a positive
surveillance test result were shorter—80.3 and 56 days,
respectively.

For all hospital admissions included in our study, the mean

age of the patients was 71.3 years (median, 77 years). Of the
patients represented by the 1564 admissions, 787 (50.3%) were
female, 1342 (85.8%) were white, 774 (49.5%) had spent time
in a long-term care facility after their positive MRSA test results
prior to the current admission, 712 (45.5%) had diabetes mel-
litus, 683 (43.7%) had congestive heart failure, 557 (35.6%)
had chronic lung disease, and 458 (29.3%) had pressure ulcers.
The percentage of hospital admissions in which the patient was
admitted under the care of the internal medicine ward was
88.9%, and 11.6% of admitted patients went directly to an
intensive care unit.

Of the 1564 admissions of previously colonized patients, 648
(41.4%) involved patients who were still colonized, according
to the results of either a clinical culture or a surveillance test.
After a positive culture result, the rate of persistent colonization
during year 1 was 48.8% (95% CI, 45.8%-51.7%), during year
2 was 28.2% (95% CI, 21.6%—35.5%), during year 3 was 23.0%
(95% CI, 15.2%-32.5%), and during year 4 was 21.2% (95%
CI, 13.1%-31.4%) (figure 1). Predictors of continued coloni-
zation are presented in table 1.

Discussion. It is widely assumed that MRSA colonization
persists for a long time, although the duration of colonization
has not been well established. Although it is common practice
for hospitals to maintain lists of MRSA-colonized patients so
that, at hospital admission, these patients can be rapidly iden-
tified and placed in contact isolation, it is not known how long
patients should remain on such a list [9].

A number of previous studies of colonization duration have
focused on specialized patient populations (e.g., neonates [2]
or rehabilitation patients [3]) and are not clearly applicable to
general inpatients. Other small studies have evaluated duration
of colonization in patients admitted to a general hospital [4—
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Table 1.
results of previous clinical or surveillance tests for MRSA.

Predictors of continued colonization with methicillin-resistant Staphylococcus aureus (MRSA) in patients with positive

Percentage
of patients
actoglpz)igl Univariate model Multivariable model
Characteristic admission OR (95% CI) P OR (95% Cl) P
Admission location
Internal medicine (vs. other units) 42.4 1.48 (1.06-2.07) .023 1.48 (1.04-2.10) .028
ICU 49.4 1.41 (1.04-1.92) .028  1.39 (1.00-1.94) .047
Demographic characteristic
Male sex 41.8 1.12 (0.88-1.42) .368
Age, years
0-50 35.0 1.00 (reference) .207
51-70 38.9 1.14 (0.75-1.72)
>70 43.7 1.34 (0.94-1.91)
Race
White 42.7 1.00 (reference) .033 1.00 (reference) .128
Black 30.4 0.57 (0.36-0.88) 0.63 (0.40-1.00)
Other 42.2 0.97 (0.57-1.65) 1.01 (0.59-1.72)
Long-term care facility residence 41.2 0.94 (0.74-1.19) .592
Presence of comorbidities
Cancer 37.0 0.78 (0.55-1.10) .154
Chronic lung disease 43.8 1.11 (0.87-1.40) .406
Congestive heart failure 42.0 1.02 (0.80-1.29) .891
Diabetes mellitus 39.5 0.96 (0.76-1.21) .742
Pressure ulcer 45.8 1.37 (1.07-1.77) .013  1.29 (1.00-1.67) .048
Renal disease 36.2 0.91 (0.70-1.19) .487
Characteristic of colonization
Time since last positive test result, 30-day units 0.97 (0.96-0.98) <.001 0.97 (0.96-0.98) <.001
Type of test that yielded last positive result: culture (vs. surveillance) 38.0 0.64 (0.51-0.82) <.001 0.95(0.73-1.25) .73

NOTE. Overall, 41.4% of patients remained colonized at hospital admission. ICU, intensive care unit.

8]. The patients included in these investigations (range, 52—
135 participants) were identified as MRSA colonized through
both targeted surveillance and incidental positive clinical cul-
ture results. In these studies, estimates of colonization half-life
ranged from 7.4 months [8] to 40 months [4]. Because of the
relatively small sample sizes, the potentially biased method of
detecting colonized patients (i.e., targeted surveillance of pop-
ulations at high risk of colonization), and the widely varying
results, these studies are not clearly applicable to general in-
patients, either.

We examined 1564 consecutive admissions of previously col-
onized patients at 3 general hospitals. In this population, a
reduction to a 50% rate of colonization occurred rapidly (in
<1 month). However, the colonization rate thereafter decreased
slowly, remaining close to 50% for ~300 days and never de-
creasing to much below 20%. These results may represent the
fact that our cohort likely comprised 2 separate groups of in-
dividuals: intermittent carriers, who became decolonized
quickly, and chronic carriers, who required months or years
for decolonization [14].

In contrast to the high rate of continued colonization in this
group, the overall rate of MRSA colonization among the 43,504
hospital admissions included in this study was 4.1%. This sug-
gests that, even in the fourth year after a positive clinical culture
result, the risk of MRSA colonization does not subside to that
of the general inpatient population. Previously colonized pa-
tients, even at this point, had a colonization risk of 21%, which
is ~5 times the colonization risk of an inpatient who has not
been colonized. The risk of continued colonization remained
high in this group, even among patients who lacked other
traditional risk factors for colonization (e.g., long-term care
facility residence [15] or recent hospitalization [16]). However,
as noted by other investigators [5, 7], the presence of a break
in the skin—in our study, a pressure ulcer—predicted contin-
ued colonization. Of interest, MRSA-colonized patients de-
tected through a universal surveillance program had the same
risk of continued colonization as did patients with positive
clinical culture results.

This study has a number of limitations. First, patients were
only routinely tested for nasal colonization; culture of samples
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from other sites occurred only as clinically indicated. The sen-
sitivity of nasal-only PCR in comparison with multiple-site
culture has not been well tested [17], but it is reasonable to
assume that =10% of colonized patients were not detected.
Second, some of the colonized patients had received systemic
or topical antimicrobial agents active against MRSA as part of
their therapeutic or decolonization regimen. Both these limi-
tations could have led to underestimates of the continued col-
onization rate. Third, although this study included a large num-
ber of patients, there are some cautions with regard to
generalizability. A large proportion of patients were white, and
all were retested in the context of hospital readmission. Dif-
ferent colonization dynamics may apply to MRSA-colonized
patient populations with a different racial composition and
populations of patients who are never readmitted to the
hospital.

In conclusion, we have found in a large population of MRSA
carriers that, after an initial rapid decrease in colonization prev-
alence, rates of continued colonization remained high for pro-
longed periods. Previously colonized patients should be con-
sidered to be at high risk of continued carriage for at least 4
years.
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