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Abstract
Background—Patients with newly acquired methicillin-resistant Staphylococcus aureus (MRSA)
have significant risks of short-term morbidity and mortality due to this pathogen. We were interested
in assessing whether long-term carriers have persistent risks of disease and whether all carriers,
regardless of the duration of carriage, should be considered to be reasonable candidates for
interventions to reduce the risk of infection.

Methods—We conducted a single-center retrospective cohort study to evaluate the risk of
subsequent MRSA infection and death among patients known to have harbored MRSA for at least
1 year (i.e., prevalent carriers).

Results—Among 281 prevalent carriers, 65 (23%) developed a total of 96 discrete and unrelated
MRSA infections in the year after their identification as prevalent carriers. The most common
infections were pneumonia (accounting for 39% of MRSA infections), soft-tissue infection (14%),
and central venous catheter infection (14%). Twenty-four percent of all infections involved
bacteremia. Thirty-eight MRSA infections occurred during a new hospitalization, and 32 (84%) of
these infections were the reason for admission to the hospital. MRSA contributed to 14 deaths, with
6 of these deaths deemed to be attributable to MRSA. Harboring MRSA for <2 years and MRSA
colonization at the time of detection as a prevalent carrier were predictive of subsequent infection
with MRSA.

Conclusions—Individuals who are known to have harbored MRSA for >1 year are at high risk for
subsequent MRSA morbidity and mortality and should be considered to be targets for intervention,
in addition to individuals who have newly acquired this pathogen.

Methicillin-resistant Staphylococcus aureus (MRSA) is an antibiotic-resistant pathogen that
causes a variety of serious infections. Although community-acquired MRSA is becoming
increasingly common [1–3], the bulk of severe morbidity and mortality attributable to MRSA
continues to occur among hospitalized patients [4–9]. More than 10% of inpatients who are
newly colonized with MRSA develop subsequent infection during the same hospital stay
[10], and among newly colonized patients in the intensive care unit, the risk of short-term
bacteremia approaches 40% [11].
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This high risk of infection among new MRSA carriers has increased the need for preventative
interventions in this population. However, MRSA-positive populations predominantly consist
of patients whose MRSA status has been established for some time. The risk of subsequent
infection in this group remains unknown.

We previously found that 33% of new carriers in a tertiary care center developed invasive
sequelae in the year following acquisition of MRSA [7]. These infections were severe, with
26% of infections involving bacteremia and no reduction in the risk of bacteremia after hospital
discharge. It is reasonable to hypothesize that the risk of subsequent infection extends beyond
1 year, because MRSA colonization often persists for prolonged periods after hospital
discharge [12]. One study has suggested that MRSA may be carried in the nares for a mean of
42 months [13]. We sought to assess whether patients who were known to harbor MRSA for
>1 year continued to be at increased risk for MRSA infection.

PATIENTS AND METHODS
We conducted a retrospective cohort study to evaluate the frequency of subsequent MRSA
infection among patients who were already known to have harbored MRSA for at least 1 year
(i.e., prevalent carriers). We identified a cohort of adult patients who had an MRSA-positive
culture from 1 January 2002 through 31 December 2005 at the Brigham and Women’s Hospital
(BWH), an 800-bed tertiary care hospital in Boston, Massachusetts. Patients were retained in
the cohort if they had evidence of MRSA positivity at least 1 year earlier based on microbiology
and infection-control records. There were no exclusion criteria for MRSA events occurring
during this 1-year period. We assessed the further risk of MRSA infection in the year after
identification as a prevalent carrier when evaluating all available BWH inpatient and outpatient
medical records.

We obtained demographic and comorbidity information for all prevalent carriers.
Comorbidities were identified using diagnoses of diabetes mellitus, end-stage renal disease,
end-stage liver disease, hematologic malignancies, solid tumor malignancies, and other
noncancer immunocompromised states based on BWH International Classification of
Diseases, Ninth Revision, codes from the prior year. Identified comorbidities were confirmed
through medical record review. Malignancies were recorded only if there was evidence of
treatment within the preceding year. We also identified known risk factors for subsequent
MRSA infection, including active wounds, intensive care unit admission, and intubation at the
time of detection as a prevalent carrier. In addition, we assessed whether prevalent carriers had
undergone a surgical procedure in the previous 6 months or had been admitted to BWH in the
previous year. For prevalent carriers who were identified during an inpatient stay, we also
determined their preadmission location, hospital discharge disposition, and length of hospital
stay.

Medical records were reviewed to identify the source of the MRSA-positive culture at the time
of detection as a prevalent carrier and to determine whether the positive culture result
represented colonization or infection based upon National Nosocomial Infections Surveillance
criteria [14]. All subsequent MRSA isolates within a 1-year period were evaluated for evidence
of distinct MRSA infection. Subsequent MRSA infections were described according to (1) the
number of days between detection as a prevalent carrier and the onset of MRSA infection, (2)
the type of infection, (3) whether the infection was associated with MRSA bacteremia, and (4)
the antibiotic susceptibility pattern of the MRSA isolate. Infection type was assigned according
to the primary source of infection on the basis of National Nosocomial Infections Surveillance
criteria.
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We provided patient characteristics as the percentage of total patients with the specified
attribute. We determined the proportion of patients who developed any subsequent MRSA
infection and the proportion of patients who died within 1 year after the time of detection as a
prevalent carrier. We also assessed whether deaths were associated with MRSA infection at
the time of detection or during the year following detection as a prevalent carrier and, if
associated, whether deaths were attributable to MRSA. Death was deemed to be associated
with MRSA if MRSA bacteremia was found within 7 days of death or if there was active MRSA
infection at the time of death [6]. Death was additionally deemed to be attributable to MRSA
if the above criteria were met and there was no other cause of death.

Potential predictors of subsequent MRSA infection among prevalent carriers were assessed
using χ2 tests. Variables significant in bivariate testing at a level of α < .2 were entered into a
logistic regression model (SAS, version 9.1; SAS). Final model variables were retained at α
= .05.

RESULTS
We identified 281 patients with an MRSA-positive culture who had evidence of MRSA
positivity at least 1 year earlier. Seventy percent of patients had an MRSA-positive culture
between the time of first evidence of MRSA positivity and detection as a prevalent carrier.
Patient characteristics are summarized in table 1. The mean age of patients at the time of
detection as a prevalent carrier was 61.5 years (median age, 62.9 years), and the mean time
since first evidence of MRSA positivity was 2.4 years (median period, 1.6 years). Most
individuals were inpatients at the time that they were determined to be prevalent carriers, and
the majority (162 [73%] of 221) had an MRSA-positive culture within 2 calendar days of
admission to BWH. The mean length of hospital stay among inpatients was 12.7 days (median
duration, 7.0 days).

Of the 281 patients who were found to harbor MRSA for at least 1 year, 52% were infected
and 48% were colonized at the time of entry into the study as a prevalent carrier. Among those
patients who were colonized, common sources of MRSA colonization included nares (63% of
patients), sputum (18%), and wounds (10%). Sixty-five patients (23%) developed a total of 96
additional discrete and unrelated MRSA infections in the year after their detection as prevalent
carriers (table 2). These MRSA infections occurred a mean of 3.8 months (a median of 2.4
months) after the time of detection as a prevalent carrier. Most patients experienced pulmonary,
soft-tissue, and central venous catheter infections. Among the 14 infections categorized as
“other,” there were 4 urinary tract infections, 3 surgical site infections, 3 sinusitis infections,
2 gastrointestinal system infections, 1 parotitis infection, and 1 oral cavity infection. Of all
infections, 24% were associated with MRSA bacteremia. Ninety-one percent of infections were
caused by strains with drug susceptibility patterns that were identical to those for the first
positive MRSA isolate when evaluating the following antibiotics: erythromycin, clindamycin,
gentamicin, levofloxacin, trimethoprim-sulfamethoxazole, tetracycline, rifampin, and
vancomycin.

The risk of subsequent infection according to the time since first known evidence of MRSA
positivity is shown in table 3. Risk of subsequent infection was significantly higher among
patients whose time since first evidence of MRSA positivity was 1–2 years (48 [27%] of 175),
compared with patients whose time since first evidence of positivity was ≥2 years (17 [16%]
of 106; P = .03).

Figure 1 displays the percentage of patients who developed subsequent infection in the year
after detection as a prevalent carrier. Risk of infection was significantly higher in the first
quarter than it was in any other quarter in the subsequent year. Subsequent MRSA infections
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also occurred more frequently among patients who were colonized with MRSA (39 [29%] of
136) than among patients who were infected with MRSA (26 [18%] of 145) at the time of
detection as a prevalent carrier (P = .03).

Death occurred in 41 patients (15%). When assessing deaths associated with MRSA (14 deaths;
34%), one-half were associated with MRSA infections present at enrollment, and one-half were
associated with subsequent MRSA infections. When assessing deaths attributable to MRSA,
3 deaths were attributable to MRSA infections that were present at enrollment, and 3 were
attributable to subsequent MRSA infections. The majority of deaths associated with MRSA
occurred during the hospitalization in which the patients were determined to be prevalent
carriers (9 [64%] of 14). There was no significant difference in the number of deaths from all
causes or in the number of deaths associated with MRSA between patients who were known
to harbor MRSA for 1–2 years and patients who were known to harbor MRSA for ≥2 years.
Among those who died, the mean time to death from all causes from the time of detection as
a prevalent carrier was 3.4 months (median time to death, 1.3 months).

Subsequent hospitalizations with MRSA were common. Thirty-eight MRSA infections (40%)
were detected during later hospitalizations, and 32 (84%) of those 38 infections were
responsible for the patient being hospitalized. The most common MRSA infections resulting
in hospital admission were pneumonia (11 [34%] of 32 cases), soft-tissue infection (7 [22%]
of 32), and primary bloodstream infection (5 [16%] of 32).

Harboring MRSA for <2 years and MRSA colonization at the time of detection as a prevalent
carriers were significantly associated with subsequent infection due to MRSA. There was also
a trend for male sex to be predictive of MRSA infection (table 4). Other demographic,
comorbidity, and hospital information were not predictive of subsequent MRSA infection.

DISCUSSION
The increasing morbidity and mortality attributable to MRSA have heightened the need for
preventative interventions targeting patients who are at risk for MRSA infection. These risks,
together with recent legislation permitting Medicare to withhold payments for certain hospital-
acquired infections [15], have increased the attractiveness of eradicating MRSA carriage in
hopes of preventing a portion of hospital-acquired infections among patients who are at risk
for hospitalization. Prior reports have focused on the risks of MRSA-associated morbidity and
mortality in the immediate period following new acquisition of MRSA. Our data suggest that
patients who continue to harbor MRSA remain at continued risk of MRSA infection and death,
regardless of time since the initial detection of MRSA positivity.

Current preventative strategies for decolonizing MRSA carriers have targeted all prevalent
carriers with MRSA, despite the fact that risks for subsequent infection have only been studied
among individuals with recent MRSA acquisition [16–18]. This study provides an estimate of
the risk among the larger group of prevalent carriers and may be helpful in predicting the overall
impact that successful decolonization can have on MRSA infection. At our hospital, there are
2–3 times as many hospital admissions involving patients previously known to harbor MRSA
than there are hospital admissions of individuals who are newly detected as MRSA carriers
each year; all known MRSA carriers account for a total ~3% of annual hospital admissions.
Our results support the application of decolonization or other preventative interventions to all
known carriers of MRSA with recent exposure to the health care system or with substantial
risks of future hospitalization.

We recognize that the risk of infection in the first year after initial MRSA detection may exceed
the risk of infection in subsequent years. Earlier work involving the same hospital population
suggests that 33% of patients with newly acquired MRSA develop invasive disease in the
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ensuing 12 months [7], whereas our results suggest a 27% risk in the second year of carriage
and a 16% risk thereafter. Although the latter 2 estimates are likely to be underestimated by
our study, because patients may not return to the same institution for all future care [7], it is
worth noting that substantial risks persist. In addition, it is likely that there is some
misclassification of newly detected cases, because MRSA detection is often reliant on
indications for clinical cultures. It is possible that some of the 33% risk noted in our patients
actually reflects the risk in patients who have harbored MRSA for some time.

In fact, we propose that much of the risk of subsequent MRSA infection may not be attributable
to the time since the initial acquisition of MRSA but may instead be attributable to the risks
associated with hospitalization or undergoing a surgical procedure. We submit that these high
risks of MRSA infection among culture-positive prevalent carriers are not only preferentially
detected because of hospitalization but may, in fact, be incurred because of the device-related,
wound-related, and immunologic declines associated with a current illness. This is supported
by our finding of a higher risk of MRSA infection during the 3 months following the time of
detection as a prevalent carrier. After this 3-month perihospitalization period, patients appeared
to incur infections at a lower rate. Although additional studies are needed to confirm these
findings, long-term carriers may experience an out-of-hospital risk of MRSA infection of ~5%
per quarter that becomes elevated 3-fold or more at the time of hospitalization.

We were surprised to find that colonized patients were at greater risk of subsequent MRSA
infection. We believe that this may result from the protective effect that MRSA-infected
patients receive from active therapy, which may extend for several weeks beyond infection
detection. During this treatment period, these patients are unlikely to be at risk for additional
MRSA disease.

There are several limitations to this study. First, our definition of prevalent carriers assumes
that patients continuously harbored MRSA. It is possible that these patients instead experienced
serial acquisition of MRSA strains and that the high risk of infection found in this study was
because of recurrent recent acquisition. We did not collect or strain-type isolates to confirm
persistent carriage. However, other studies suggest that 40%–60% of patients persistently carry
the same strains over time [19–22], and we have previously shown that repeat MRSA infection
following initial acquisition is primarily caused by the same strain [23]. Furthermore, in this
study, nearly all infections were caused by strains with antibiotic susceptibility profiles that
were identical to those for the patient’s first positive isolate.

Second, as mentioned above, our reported risk of MRSA infection is likely to be an
underestimate, because we could not account for infections that occurred at other medical
facilities. Third, we note that active surveillance nares cultures for MRSA were instituted in
September 2003 for intensive care unit patients. Inclusion of patients whose first detection of
MRSA was the result of surveillance may change the reported risk of subsequent infection
because of surveillance bias. However, we found no difference in the risk of infection between
patients whose acquisition cultures were nares cultures and patients whose initial cultures were
not nares cultures (data not shown). Fourth, observation bias may have contributed to the high
number of hospital admissions attributable to MRSA. Fifth, deaths associated with MRSA may
have been underestimated. Of the 41 patients who died in the subsequent year, 5 had an MRSA-
positive culture at the time of death, but details of the cause of death were unavailable. Lastly,
our results reflect the infection and mortality rates for a patient population at a single tertiary
care center and may not be generalizable to other hospitals or patient groups.

In summary, we found that MRSA carriers remain at considerable risk for subsequent MRSA
infection, regardless of the time since the initial detection of MRSA carriage. These risks not
only involve serious infection, such as MRSA-associated pneumonia and bacteremia, but also
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include substantial MRSA-associated mortality. Many of these infections resulted in
subsequent hospital admissions. Interventions aimed at preventing post-acquisition MRSA
morbidity and mortality should include both incident and prevalent carriers, and predictions
of impact should account for the large risks of infections seen in both groups.
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Figure 1.
The percentage of patients who developed subsequent methicillin-resistant Staphylococcus
aureus infection in quarterly intervals following the time of detection as a prevalent carrier.
The number of patients experiencing infection in each interval is shown. Some patients
experienced multiple infections. Denominators (not shown) have been corrected for patients
who died before the analyzed interval. Risk of infection was significantly greater in the first
quarter than in any other quarter (P < .001).
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Table 1
Characteristics of patients at time of identification as a methicillin-resistant Staphylococcus aureus (MRSA) prevalent
carrier.

Characteristic No. (%) of patients (n = 281)

Sex

  Male 151 (54)

  Female 130 (46)

Race

  White 237 (84)

  Black 36 (13)

  Other 8 (3)

Age

  18–44 years 48 (17)

  45–54 years 50 (18)

  55–64 years 58 (21)

  65–74 years 60 (21)

  75–84 years 47 (17)

  ≥85 years 18 (6)

Comorbidity

  Diabetes mellitus 100 (36)

  End-stage renal disease 29 (10)

  End-stage liver disease 13 (5)

  Solid-organ cancer 41 (15)

  Hematologic malignancy 14 (5)

  Immunocompromised, noncancer 26 (9)

Health care location

  Inpatient 221 (79)

  Outpatient 60 (21)

Potential risk factors for MRSA infection

  Wound 180 (64)

  Intubation 54 (19)

  Intensive care unit admission 39 (14)

  Hospital admission in previous year 191 (68)

  Surgical procedure in previous 6 months 110 (39)

Preadmission locationa,b

  Home 165 (75)

  Hospital transfer 33 (15)

  Rehabilitation 9 (4)

  Skilled nursing facility 14 (6)

Discharge dispositiona,b

  Home 126 (57)

  Hospital transfer 4 (2)

  Rehabilitation 60 (27)

  Skilled nursing facility 17 (8)
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Characteristic No. (%) of patients (n = 281)

  Deceasedc 14 (6)

Time since first known evidence of MRSA positivity

  1 to <2 years 175 (62)

  2 to <3 years 49 (17)

  3 to <4 years 22 (8)

  ≥4 years 35 (16)

a
n = 221.

b
Evaluation for admission where patient identified as prevalent carrier a with known history of MRSA ≥1 year.

c
Deaths refer to all-cause mortality during the enrollment hospitalization.
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Table 2
Sources of subsequent infection with methicillin-resistant Staphylococcus aureus (MRSA).

Infection
No. of patients

(n = 65)a

No. (%) of MRSA infections

Overall (n =
96)

≤6 Months after
identification as

prevalent case patient
(n = 69)

>6 Months after
identification as

prevalent case patient
(n = 27)

Pneumonia 32 37 (39) 31 (45) 6 (22)

Soft tissue 11 13 (14) 5 (7) 8 (30)

Central venous catheter 8 13 (14) 11 (16) 2 (8)

Primary bloodstream 9 11 (11) 9 (13) 2 (8)

Bone/joint 6 8 (8) 5 (7) 3 (11)

Other 12 14 (15) 8 (12) 6 (22)

Associated bacteremia 15 23 (24)b 19 (28)b 4 (15)b

a
Some patients experienced multiple infections.

b
Percentage of total infections associated with MRSA bacteremia.
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Table 4
Predictors of subsequent infection due to methicillin-resistant Staphylococcus aureus (MRSA) at the time of
identification as a prevalent carrier.

Predictor OR (95% CI) P

Harboring MRSA for 1–2 years 2.2 (1.2–4.1) .02

MRSA colonization vs. infection 1.9 (1.1–3.4) .03

Male sex 1.7 (0.9–3.0) .07
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