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Methicillin-resistant Staphylococcus
aureus transmission: The possible
importance of unrecognized health
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Background: This study was conducted to evaluate the ongoing transmission of methicillin-resistant Staphylococcus aureus (MRSA)
in a 10-bed trauma intensive care unit (TICU) in a large teaching hospital.

Methods: Surveillance cultures for MRSA were obtained on admission to the TICU. Colonized or infected patients were placed on
contact precautions. On February 21, 2003, 19 burn patients were admitted to the TICU after a local mass casualty event. Universal
barrier precautions were implemented for all patients, and point-prevalence surveys (nares cultures) were used to detect MRSA
acquisition.

Results: During March 2003, 58 % of the burn patients developed MRSA infection or colonization. Six of 133 health care workers
(HCWs) had positive MRSA screening cultures. Seven patients and 4 HCWs harbored the pulsed-field gel electrophoresis clone A.
Two patients and 1 HCW harbored clone B. Once the colonized HCWs were successfully decolonized, a sustained reduction in
MRSA infections occurred.

Conclusion: Transmission of MRSA in an ICU was observed despite various infection control precautions. Identifying and treating
colonized HCWs was followed by a significant reduction in the incidence of MRSA. Unrecognized MRSA-colonized HCWs may be
an important reservoir in endemic institutions that could impair other control measures. (Am ] Infect Control 2008;36:93-7.)

MRSA is a major hospital-acquired pathogen that has
become endemic in many health care facilities world-
wide.'” Several European countries adhere to vigorous
infection control policies, including active surveillance
cultures for patients and personnel to identify unrecog-
nized colonization, contact precautions, and isolation of
patients transferred from other countries >*In contrast,
US hospitals had generally adopted previously pub-
lished Centers for Disease Control and Prevention
(CDC) guidelines,” with contact precautions for patients
colonized or infected with MRSA and no attempt to ac-
tively identify unknown, colonized patients.

Several studies have shown that active surveillance
leads to a significant and sustained reduction in MRSA
acquisition and is cost-effective.®'® Consequently, the
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Society for Health care Epidemiology of America (SHEA)
guidelines recommend active surveillance at the time
of hospital admission for all patients with high risk of
MRSA carriage, as well as periodic screening of patients
during hospitalization in high-risk areas, such as in-
tensive care units (ICUs).'' Nevertheless, cost-benefit
analyses and some mathematical models'*'> have not
considered the potential significance of unrecognized,
colonized health care workers (HCWSs) in endemic insti-
tutions unknowingly spreading MRSA despite active
surveillance and contact precautions. More recent mod-
eling has included HCW MRSA colonization.'* During
2003, we identified ongoing MRSA transmission in the
unit despite high compliance with obtaining screening
cultures on admission. Intensified control measures
that were implemented during admission of several
burn patients did not prevent new cases. We identified
carriage among HCWs and a reduction in the incidence
of nosocomial MRSA acquisition after eradicating
carriage among colonized staff members.

METHODS
Infection control strategies

Rhode Island Hospital is a tertiary-care teaching
hospital and level I trauma center licensed for 719 beds.
The trauma ICU (TICU) and the surgical step-down unit
(SSDU) each have 10 beds. Since 2001, all patients admit-
ted to the TICU are screened on admission for nasal
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MRSA colonization. Cultures are obtained within 48
hours of admission. MRSA-colonized or -infected pati-
ents are placed in private rooms or cohorted. HCWs
don gowns and gloves before entering these rooms.
Patients with nares colonization are treated with topical
mupirocin applied to the anterior nares twice daily and
bathed with an antiseptic agent containing 5% chlo-
rhexidine, both for 5 days. Weekly surveillance screen-
ing cultures and discharge screening were not obtained
during 2002. All MRSA-positive cultures are routinely
characterized as an infection or colonization. Infections
are defined using CDC surveillance guidelines.'®

On the evening of February 21, 2003, a fire broke out
in a Rhode Island nightclub. A total of 180 people were
transferred to nearby hospitals. Nineteen burn patients
were admitted to the TICU and the SSDU, creating a
large, ad hoc burn unit. All previously admitted patients
were transferred to other units before the first burn pa-
tient was admitted to the unit. During the hospitaliza-
tion of these burn patients, additional infection
control measures were put into practice; after 72 hours
of admission, gowns and gloves were required to enter
all patient rooms, and nares cultures for MRSA were ob-
tained every 3 to 5 days until April 1, 2003, by which
time most of the burn patients had been discharged.

Laboratory methods

A specimen from the anterior nares was obtained
using a dry culturettte swab (BD Microbiology Systems,
Cockeysville, MD). Hands were cultured using a modi-
fied glove juice method.'® Cultures were inoculated
on CNA agar plates and incubated at 35°C for 48 hours.
Isolates were identified as Staphylococcus aureus on the
basis of colony morphology and a Staphaurex test
(Med-Ox Diagnostics, Ogdensburg, NY). Isolates were
determined to be oxacillin-resistant if they grew on
Mueller-Hinton agar containing 6 pg/mL of oxacillin.

Genotypic analysis

Molecular typing was conducted using pulsed-field
gel electrophoresis (PFGE) as described previously.'”
Restriction digestion was performed with Smal, and re-
striction fragments were separated in a CHEF-DRII sys-
tem (Bio-Rad, Hercules, CA). Analysis of DNA fragments
was conducted using both visual inspection and Bio-
Rad software. Strain relatedness was interpreted ac-
cording to published guidelines.'®

RESULTS

MRSA transmission in burn patients, February
to March 2003

The average age of the 19 burn patients admitted
to the Rhode Island Hospital’s ad hoc burn unit was
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Fig 1. MRSA acquisition in burn patients, February
to March 2003.

33.7 years (range, 21 to 43 years). None of the patients
had been previously hospitalized for other illnesses.
Sixteen of 19 patients were mechanically ventilated
due to lung injury. Burn injuries involved up to 30% of
the total body surface area. The average length stay of
the burn patients in the TICU and SSDU was 21 days
(range, 3 to 70 days). During their stay in these units,
the cost for gloves and gowns was $8990, compared
with the previous average monthly cost of $4150. Com-
pliance with obtaining surveillance cultures during this
time was 100%. Surveillance cultures on admission
were negative for MRSA. The first patient with an
MRSA infection was detected on the sixth hospital day.
During the second week, 5 patients developed MRSA
colonization and 3 developed MRSA infections. During
the third and fourth weeks, 1 additional patient devel-
oped MRSA infection and another developed MRSA
colonization (Fig 1). After 30 days, 11 of the 19 burn pa-
tients (58 %) had acquired MRSA, including 3 ventilator-
associated pneumonias and 2 bloodstream infections.

During the third week, surveillance cultures of the an-
terior nares and hands were obtained from 133 HCWs,
including nurses, physicians, respiratory therapists, and
occupational therapists who had worked in the TICU or
SSDU over the previous 3 weeks. Six HCWs (4 % ; 5 nurses
and 1 respiratory therapist) were colonized with MRSA.
The hands of 2 of the 5 HCWs with nares colonization
also grew MRSA. One HCW had a negative nares culture
and a positive culture of the hands for MRSA. Colonized
HCWs were treated with nasal mupirocin and chlorhex-
idine showers for 5 days. Follow-up nares cultures
performed both 4 weeks and 3 months after the final
dose of nasal mupirocin were negative.

MRSA transmission in the TICU

After the discharge of all burn patients, point-preva-
lence surveys of patients for MRSA were discontinued.
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Fig 2. MRSA infection or colonization per 1000 patient-days in the TICU between April 2001 and April 2004. HCWs
were screened during 2 periods of increased incidence (March 2002 and March 2003).

Nosocomial MRSA colonization and infection decreased
from 10.2 per 1000 patient-days (April 2002 to February
2003) to 3.2 per 1000 patient-days (exact binomial test,
P < .001) during the subsequent year (April 2003 to
March 2004), as shown in Figure 2.

Molecular typing

PFGE identified 5 banding patterns among the iso-
lates from the patients and HCWs (Fig 3). Seven patients
and 4 HCWs had clone A, 2 patients and 1 HCW had
clone B, and 2 patients and 1 HCW harbored 3 unrelated
clones. Comparison with isolates obtained from pa-
tients in the TICU and SSDU during 2001-2002 showed
that clones A and B were predominant; of the 31 isolates,
20 were clone B and 4 were clone A. A colonized
HCW from the TICU identified during March 2002 was
clone B.

DISCUSSION

A major impediment to MRSA control is the potential
reservoir of patients who have unrecognized MRSA
colonization. Active surveillance of high-risk patients
is an integral component in successful infection control
programs, as recently emphasized in the SHEA recom-
mendations.'' Many hospitals have recently imple-
mented active surveillance to identify MRSA-colonized
patients; however, ongoing MRSA transmission may
persist in endemic institutions despite an active surveil-
lance program. There are several possible explanations
for ongoing nosocomial MRSA transmission, including

1 23 4 5 6 7 8 9 10 11 12 13 14 15 16

17 18

Fig 3. PFGE of MRSA strains from the outbreak in
the burn patients admitted to the TICU during
February 2003. Lanes | and |8: molecular-size
ladder. Lanes 2 to 4: isolates obtained from HCWs
| to 3, clone A. Lanes 5, 6, and 12 to |6: isolates
obtained from patients | to 7, clone A. Lane 7: HCW
4, clone B. Lanes 8 and 9: patients 8 and 9, clone B.
Lane 10: HCW 5, clone C. Lane | |: patient 10, clone
D. Lane 17, patient |1: clone E.

poor compliance with obtaining surveillance cultures,
unscreened patients who are not included in the local
definitions of high-risk patients, low adherence with
contact precautions, poor hand hygiene compliance,
transmission of MRSA during the 72 hours before
colonized patients are identified and isolated, a lack of
point-prevalence surveys to detect MRSA carriage after
admission, and insufficient measures to clean the con-
taminated environment. Thus, when evaluating ongo-
ing MRSA transmission in a unit or institution, several
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hypotheses must be considered and reviewed. Our ex-
perience demonstrates that despite active surveillance
cultures on admission, frequent point-prevalence sur-
veillance cultures, and use of reverse-isolation, MRSA
transmission still may occur from unrecognized, colo-
nized HCWs to high-risk patients.

Several reports have described prolonged MRSA
transmission associated with colonized HCWs, and
successful control was demonstrated only after these
colonized HCWs were identified.'®' In a neonatal
ICU, ongoing MRSA transmission has been observed de-
spite contact precautions, weekly surveillance cultures,
cohorting patients and staff, universal glove use, univer-
sal bathing with hexachlorephene, and topical mupiro-
cin use.*' A total of 235 HCWs were screened for MRSA,
and 3 were found to be colonized with an MRSA strain
identical to that of the patients. The outbreak was
contained after the colonized HCWs were identified
and MRSA carriage was eradicated.

During March 2003, reverse-isolation was used for
all of the burn patients admitted to the unit. Reverse-
isolation is used in many burn units to prevent trans-
mission of multidrug-resistant pathogens,** and has
led to decreased MRSA acquisition for a prolonged
period in a burn unit.>> However, reverse-isolation
may fail to prevent MRSA transmission in the presence
of colonized HCWs*®?' or from contaminated environ-
mental reservoirs.>*

Routine screening of HCWs is associated with high
cost, possible stigmatization of the colonized HCWs,
and uncertain benefit. There is no consensus regarding
the best time to screen HCWs. Some institutions screen
HCWs periodically or after each exposure to colonized
or infected patients®>°; in contrast, other reports sug-
gest that screening HCWs has a low yield and a limited
role in the control of outbreaks.*’*®* Some authors
have recommended screening HCWs only as a last re-
sort after all other interventions have failed to prevent
MRSA transmission.® The CDC has recommended cul-
turing personnel who are implicated as the source of
MRSA transmission based on epidemiologic data.*’
Other guidelines recommend screening HCWs if there
is ongoing MRSA transmission despite active surveil-
lance,’®" much as we have done in our outbreak inves-
tigation. Colonized HCWs are most often transiently
colonized, but they may become persistent carriers if
they have skin lesions, leading to prolonged MRSA
transmission. Finding an MRSA-colonized HCW associ-
ated with colonized or infected patients does not estab-
lish the directionality of transmission. Nevertheless,
none of the burn patients was colonized on admission,
suggesting that the HCWs did not initially acquire MRSA
from these patients.

In endemic settings, it is difficult to determine
whether ongoing MRSA transmission is secondary to

Ben-David, Mermel, and Parenteau AlC

multiple introductions of different clones or to the
spread of 1 or 2 endemic clones. Molecular subtyping
of MRSA isolates is helpful in elucidating potential
routes of transmission; however, the optimum time to
carry out such an analysis in endemic settings is not
well defined. We perform molecular typing only
when there is a cluster of several cases in the same
unit.

The interpretation of molecular subtyping results
is multifaceted. The presence of a single clone may
suggest indirect spread from a single patient to other
patients by hands of transiently colonized HCWs, direct
spread from persistently colonized HCWs, or spread
from contaminated environmental reservoirs. Indeed,
several outbreak investigations suggesting clonal
spread have failed to identify colonized HCWs.?"%®
Our findings demonstrate that the presence of multiple
clones in a single unit where MRSA is endemic may re-
flect ongoing transmission involving HCWs colonized
with different strains.

We investigated a cluster of nosocomial MRSA in our
TICU during March 2002. We only screened HCWs
working in the TICU, not those working in the SSDU.
One colonized HCW was identified and treated. Yet
ongoing MRSA transmission continued. Many patients
are transferred between the TICU and SSDU, and they
may have been exposed to a colonized HCW in the
SSDU. A significant decrease in MRSA transmission
was found once we screened large numbers of HCWs
in the 2 units during our 2003 investigation, when we
eradicated carriage among colonized HCWs. This may
have contributed to prolonged reduction in the inci-
dence of nosocomial MRSA in these units.

Our study has a number of limitations. We did not
obtain surveillance cultures from burn wounds, and
S. aureus can colonize extensive body surface areas
in burn patients.’® Thus, patients with colonized
wounds may have transmitted MRSA to other patients.
MRSA may spread in burn units by the airborne route
or on contaminated surfaces and fomites.”>** We
obtained only a limited number of environmental cul-
tures, so we cannot exclude a possible role of airborne
transmission or environmental contamination in ongo-
ing MRSA transmission. We did not obtain cultures
from the topical antimicrobial agents used; however,
these agents are not multipatient use items and thus
are unlikely to play a role in cross-transmission.
Some clusters of nosocomial infection in other burn
units have been associated with hydrotherapy, but
hydrotherapy was not used in our patients. In addition,
we did not measure HCWs’ compliance with reverse-
isolation and hand hygiene. However, infection control
professionals were present daily in the unit during the
burn patients’ stay. Breaches in control measures were
discussed with staff. Transmission may have occurred
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during the first 72 hours of admission; yet none of the
patients were colonized on admission.

In conclusion, we have described prolonged MRSA

transmission in a TICU despite active surveillance. A sig-
nificant and persistent reduction in MRSA transmission
occurred only after colonized HCWs were detected and
successfully decolonized, while active surveillance was
continuing on admission. In many endemic institutions,
colonized HCWs may be a substantial, unrecognized
reservoit, limiting the success of other control mea-
sures. Evidence-based guidelines for MRSA screening
of HCWs are needed for hospitals with endemic and
epidemic MRSA.
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