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ABSTRACT
OBJECTIVE: To study the possible role of contami-

nated environmental surfaces as a reservoir of methicillin-

resistant Staphylococcus aureus (MRSA) in hospitals.

DESIGN: A prospective culture survey of inanimate
objects in the rooms of patients with MRSA.

SETTING: A 200-bed university-affiliated teaching
hospital.

PATIENTS: Thirty-eight consecutive patients colo-
nized or infected with MRSA. Patients represented endem-
ic MRSA cases.

RESULTS: Ninety-six (27%) of 350 surfaces sampled
in the rooms of affected patients were contaminated with
MRSA. When patients had MRSA in a wound or urine, 36%
of surfaces were contaminated. In contrast, when MRSA
was isolated from other body sites, only 6% of surfaces were
contaminated (odds ratio, 8.8; 95% confidence interval, 3.7-
25.5; P<.0001). Environmental contamination occurred in
the rooms of 73% of infected patients and 69% of colonized

patients. Frequently contaminated objects included the
floor, bed linens, the patient’s gown, overbed tables, and
blood pressure cuffs. Sixty-five percent of nurses who had
performed morning patient-care activities on patients with
MRSA in a wound or urine contaminated their nursing uni-
forms or gowns with MRSA. Forty-two percent of person-
nel who had no direct contact with such patients, but had
touched contaminated surfaces, contaminated their gloves
with MRSA.

CONCLUSIONS: We concluded that inanimate sur-
faces near affected patients commonly become contaminat-
ed with MRSA and that the frequency of contamination is
affected by the body site at which patients are colonized or
infected. That personnel may contaminate their gloves (or
possibly their hands) by touching such surfaces suggests
that contaminated environmental surfaces may serve as a
reservoir of MRSA in hospitals (Infect Control Hosp
Epidemiol 1997;18:622-627).

The prevalence of methicillin-resistant
Staphylococcus aureus (MRSA) has slowly, but pro-
gressively, increased in hospitals in the United
States since the early 1980s.12 MRSA has become
highly endemic in some hospitals, even though the
affected institutions have adopted infection control
policies such as “contact isolation™ or “body sub-
stance isolation,”> which were designed to limit
transmission of nosocomial pathogens. Of the many
possible factors that may have accounted for the
inability of some hospitals to control MRSA, perhaps
the most likely is poor compliance with recommend-
ed infection control policies by healthcare work-

ers.%” However, it is also possible that barrier pre-
cautions that have been used widely in recent years
do not take into account all possible reservoirs from
which MRSA can spread.

To assess the possible role of contaminated
surfaces as a reservoir of MRSA in the hospital set-
ting, we prospectively obtained cultures of environ-
mental surfaces in the rooms of patients with endem-
ic MRSA. We also examined the relationship
between the level of environmental contamination
and the frequency with which personnel contaminat-
ed their clothing and gloves when caring for patients
with MRSA.
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METHODS

Thirty-eight consecutive patients colonized or
infected with MRSA were enrolled prospectively in
the study. A majority of patients were identified by
cultures obtained for clinical purposes, and the
remainder were identified by surveillance cultures.
The following data were recorded on each patient:
age, gender, body sites that were positive for
MRSA; whether the patients were colonized or
infected with MRSA; and the number of days in the
room before environmental cultures were obtained.
Patients with tracheostomies and MRSA in the spu-
tum were classified as having the organism in a
wound, rather than being classified as having
MRSA in sputum.

Environmental Cultures

From 7 to 11 environmental cultures were
obtained in each patient’s room. A sterile, moistened,
rayon-tipped Culturette swab (Baxter Healthcare,
Deerfield, IL) was moved several times over the sur-
face of the item being sampled. Cultures were
obtained routinely from the following surfaces:
patient gowns, bed linens, side rails of beds, blood
pressure cuffs, overbed tables, floor adjacent to
patients’ beds, room door handles, and bathroom
door handles. Other surfaces sampled included
intravenous pump or ventilator buttons, chairs next
to patients’ beds, commodes, walkers, overbed mon-
itors, and a few additional items.

On 20 occasions, cultures of gowns or uniforms
of nurses were obtained after routine morning care
activities had been performed on patients with
MRSA in wounds or urine. New gloves (and new
gowns, if worn) were donned before beginning
patient care. Moistened swabs were moved several
times over the front surface of the gown or uniform
above and below the waist. On 12 occasions, cultures
of the nurses’ gloves also were obtained. In addition,
cultures of the gloves of 12 nurses were obtained fol-
lowing nursing activities that did not require direct
patient contact, but involved contact with environ-
mental surfaces near the patient.

To determine if contamination of surfaces was
widespread in the hospital, cultures of environmental
surfaces were obtained in rooms of four patients who
were not colonized or infected with MRSA.

Swabs were used to inoculate blood agar
plates, which were incubated for 24 hours at 35°C
(direct plating). Immediately after inoculating blood
agar plates, swabs were used to inoculate thioglyco-
late broth, which was incubated for 24 hours at 35°C.
The broth cultures then were subcultured onto
blood agar plates, which were incubated for 24 hours

at 35°C (broth enrichment cultures). S aureus was
identified using standard methods.

Antimicrobial Susceptibility Tests

Disk diffusion susceptibility tests were per-
formed using recommended methods.? Isolates
resistant to oxacillin were inoculated onto oxacillin-
salt screening plates containing 6 pg/mL of oxacillin
and 4% NaCl, and isolates that yielded growth after
incubation for 24 hours at 35°C were considered to
be MRSA/?

Molecular Typing of Strains

To confirm that isolates of MRSA recovered
from environmental surfaces represented the same
strains as those recovered from patients in the
respective rooms, 9 clinical patient isolates and 16
associated environmental isolates, 3 epidemiologi-
cally unrelated MRSA isolates from hospitalized
patients, 9 MRSA isolates from other geographic
areas of the United States, and 11 S aureus control
isolates from epidemiologically unrelated inpatients
and personnel were analyzed by arbitrary-primed
polymerase chain reaction (PCR) methods.
Colonies recovered from 24-hour blood agar plates
were picked with a sterile wooden stick, and DNA
was prepared using InstaGene Purification Matrix
(BioRad, Hercules, CA) according to the manufac-
turer’s directions. Samples either were analyzed
immediately or stored at —20°C until needed.
Typically, 1 to 10 uL of sample (approximately 0.05
to 0.5 ng DNA) was added to a 25 to 50 uL PCR reac-
tion containing oligonucleotide primers at 1 uM,
GeneAmp 1X PCR buffer II (Perkin-Elmer,
Norwalk, CT), 2.0 mM MgCl,, 200 uM GeneAmp
deoxynucleotide triphosphates (Perkin-Elmer), and
1.5 units of AmpliTaq DNA polymerase (Perkin-
Elmer). Random primers included HLWL74 primer
(ACGTATCTGQ)1° and
a 9-mer primer (TGGTCCTGC; MH Nicolas-
Chanoine, Ambroise-Pare Hospital, Boulogne,
France, unpublished data) used in combination.
Samples were overlaid with mineral oil and subject-
ed to 35 to 40 cycles of amplification (94°C for 1
minute, 20°-25°C for 1 minute, 72°C for 2 minutes),
with a final extension of 10 minutes at 72°C using a
Perkin-Elmer 480 thermal cycler. PCR products
were analyzed in 1.0% to 2.0% agarose gels in tris
borate EDTA buffer, stained with ethidium bro-
mide, and photographed under ultraviolet light. In
some experiments, 3P « dCTP (Amersham Life
Sciences, Arlington, IL) was included in PCR reac-
tions (0.1 pCi per tube), and gels were dried and
autoradiographed. PCR control reactions included
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FIGURE 1. Percentage of environmental cultures positive for
MRSA, by direct plating and by broth enrichment, by item cultured.

controls without added DNA to monitor for contam-
ination. Molecular weight standards were used to
assess band size.

Statistical Analysis

Dichotomous variables were analyzed by using
chi-squared tests or Fisher’s Exact Test. Continuous
variables were analyzed by using the Mann-Whitney
U Test.

RESULTS

Cultures of Environmental Surfaces

Of the 38 patients (20 women) included in the
study, 22 had infections caused by MRSA, and 16
were colonized. Body sites from which MRSA was
recovered included wounds (25), sputum (19), nares
(6), urine (5), blood (3), and other (8).

Sixty-five (19%) of 350 environmental surfaces
yielded MRSA in direct-plate cultures. Thirty-one cul-
tures yielded fewer than five colonies, 8 cultures
yielded from five to nine colonies, and the remaining
26 cultures yielded 10 or more colonies of MRSA. An
additional 31 cultures were positive only by the broth
enrichment method. Therefore, a total of 96 (27%) of
350 environmental surface cultures yielded MRSA.
For the remaining analyses, the yield is expressed as
the sum of both direct plating and broth enrichment
cultures.

The frequency of environmental contamination
by MRSA depended, to a large degree, on the body
site(s) at which the respective patients were colo-
nized or infected. Twenty-three (85%) of 27 patients
who had MRSA in a wound or urine had contaminat-
ed surfaces in their rooms, whereas only 4 (36%) of
11 patients who had MRSA in sputum, blood, or con-
junctivae (but not wounds or urine) had contaminat-
ed surfaces in their rooms (odds ratio [OR], 10.1; 95%
confidence interval [CI], 1.6-69; P=.005). Ninety
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(36%) of 250 cultures obtained in the rooms of the
patients who had the organism in wounds or urine
yielded MRSA, whereas only 6% of 100 cultures
obtained in the rooms of the patients who had the
organism in sputum, blood, or conjunctivae yielded
MRSA (OR, 8.8; Cl, 3.7-25.5; P<.0001).

The median number of days that patients had
been in their rooms before environmental cultures
were performed was 11 (range, 2-86) for patients with
MRSA in wounds or urine and 8 (range, 3-44) for
patients who had MRSA at other body sites (P=.4).
When we examined the relation between the number
of days the patients had been in their rooms and the
proportion of environmental surfaces that yielded
MRSA, we found that the yield was 30% (33 of 110 cul-
tures) for patients who had been in the room for 1 to
5 days, 16% (13/83) for those in the room for 6 to 10
days, and 31% (49/157) for those present in their
room for more than 10 days.

Environmental contamination occurred in the
rooms of 73% of 22 patients infected with MRSA and
in the rooms of 69% of 16 patients colonized with
MRSA. However, the proportion of surfaces contami-
nated with MRSA was greater in the rooms of infect-
ed patients. Thirty-two percent of surfaces in the
rooms of infected patients were contaminated, com-
pared to 20% of surfaces in the rooms of colonized
patients (OR, 1.9; CI,, 1.1-3.2; P=.01).

The frequency with which various environmen-
tal surfaces yielded MRSA in the rooms of patients
with the organism in wounds or urine is shown in
Figure 1. The surfaces most commonly contaminated
with the organism included the floor next to the
patient’s bed, bed linens, patient gowns, overbed
tables, and blood pressure cuffs. Items that were con-
taminated less than 30% of the time included bedside
rails, infusion pump buttons, and door handles.
MRSA also was recovered from two bedside com-
modes, a stethoscope, and a window sill.

In the four instances where environmental cul-
tures were positive in the rooms of patients who did
not have MRSA in a wound or urine (but were posi-
tive at other body sites), only one or two colonies of
MRSA were recovered, usually from a single item.
On the four occasions when cultures of environmen-
tal surfaces were obtained in rooms where no patient
was colonized or infected with MRSA, none of the cul-
tures yielded MRSA.

Cultures of Gowns and Gloves

Cultures of the gowns or uniforms of 20 per-
sonnel who had performed routine morning nursing-
care activities on patients having MRSA in a wound or
urine revealed that 13 (65%) of the 20 had contami-
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nated their gowns or uniforms with MRSA. Cultures
were positive for MRSA by direct plating in eight indi-
viduals and positive only by broth enrichment in five
additional individuals. Cultures of the gloves of 12 of
these personnel revealed that 7 (58%) of the nurses
had contaminated their gloves, also. All were positive
by direct plating.

When cultures were performed on the gloves of
12 nurses who had performed activities that required
no direct patient contact but involved touching side
rails, linens, infusion pump buttons, or other poten-
tially contaminated objects in the rooms of patients
with MRSA in a wound or urine, we found that the
gloves of five (42%) of the nurses were contaminated
with MRSA. In four of the seven instances when
glove cultures were negative, cultures of the environ-
mental surfaces in the patient’s room revealed little
or no MRSA.

Typing of Isolates

Analysis of the antimicrobial susceptibility pat-
terns of MRSA isolates revealed that, in all instances,
environmental isolates had the same susceptibility
patterns as clinical isolates recovered from the
patient in the room. Arbitrary-primed PCR typing
using two random primers revealed that patient iso-
lates and the corresponding environmental isolates
had identical or very similar banding patterns
(Figure 2, lanes 1-4, 6-7, 89, 11-13, 15-16). MRSA con-
trol isolates from the study hospital (lanes 10 and 14)
and epidemiologically unrelated S aureus isolates
from inpatients and personnel revealed different
banding patterns (lanes 17-27). MRSA isolates from
other geographic areas all had banding patterns dif-
ferent than those produced by isolates recovered
from study patients (data not shown).

DISCUSSION

Colonized or infected patients represent the
major reservoir of S aureus in hospitals.!! Personnel
with persistent nasal carriage of the organism also
can serve as a reservoir from which S aureus may be
transmitted.!1% Although contaminated environmen-
tal surfaces have been considered by some authori-
ties to be a possible reservoir of S aureus in hospitals,
their importance is controversial. In the 1950s, exten-
sive contamination of environmental surfaces by S
aureus was documented in the rooms of some
patients with staphylococcal infections.!™8 S aureus
were shown to be viable and pathogenic for animals
and humans after being allowed to dry on environ-
mental surfaces for several days to more than a
week.1%22 Based in part on these earlier studies, con-
taminated surfaces were felt to represent a possible
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FIGURE 2. Autoradiograph of 2% agarose gel electrophoresis of
polymerase chain reaction products produced with the combination
of arbitrary primers TGGTCCTGC and ACGTATCTGC. Lanes 1-4,
patient A and environmental surface, and nursing uniform and glove
isolates; lane 5, patient B isolate; lanes 6-7, patient C and envi-
ronmental isolates; lanes 8-9, patient D and environmental iso-
lates; lane 10, epidemiologically unrelated MRSA control isolate;
lanes 11-13, patient E and environmental and nursing uniform iso-
lates; lane 14, MRSA control isolate; lanes 15-16, patient F and
environmental isolates; lanes 17-27 epidemiologically unrelated S
aureus isolates from inpatients and personnel.

reservoir of the organism. As a result, during the
1970s and early 1980s, many hospitals required that
all personnel wear gloves, gown, and mask when
entering the rooms of patients with major S aureus
infections.®

Since the emergence of MRSA, a majority of
outbreak investigations that included environmental
cultures found the organism in the inanimate envi-
ronment. In burn units, from a few percent to 64% of
surface cultures have yielded MRSA,12431 whereas
fewer than 5% (range 1%-18%) of environmental sur-
faces were reported to be contaminated in most stud-
ies performed on other wards.2”32% Qne recent study
conducted during an outbreak in an intensive-care
unit found that environmental surfaces frequently
were contaminated.*6

Unlike most earlier investigations, which
involved outbreaks, the present study assessed the
frequency of environmental contamination associat-
ed with endemic cases of MRSA. Also, in contrast to
other studies, we examined the relationship between
the frequency of environmental contamination and
the body sites at which patients were colonized or
infected. One of the unique findings of our study was
that the frequency of environmental contamination
by MRSA was sixfold greater when patients had the
organism in a wound or urine (36%) than when MRSA
was not present at these body sites (6%). Both phe-
notypic and genotypic typing of isolates confirmed
that isolates recovered from environmental surfaces
and from affected patients were the same strain or
closely related strains.

Another unique aspect of the present study was
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that we demonstrated that the level of environmental
contamination in the rooms of patients with MRSA in a
wound or urine frequently was sufficient to cause con-
tamination of the gloves of nurses who had touched
contaminated inanimate surfaces, but had no direct
contact with affected patients. Presumably, their hands
would have become contaminated if they had not been
wearing gloves. These findings may have important
infection control implications. Barrier precaution sys-
tems adopted in the late 1980s did not require the use
of gloves for touching dry, intact skin of affected
patients, the patient’s gown, or surfaces near the
patient.>> Although these precaution systems recom-
mended that personnel wash their hands upon leaving
the patient’s room, personnel frequently do not wash
their hands when leaving the rooms of patients who
are in isolation.®” We suspect that personnel who are
caring for some MRSA patients may contaminate their
hands by touching either the patient or objects in the
immediate environment and then fail to wash their
hands because they do not appear visibly soiled with
blood or body secretions. Based on the present study,
we favor the wearing of gloves by all personnel enter-
ing the rooms of patients with MRSA. Gloves have
been shown to reduce contamination of healthcare
worker hands*” and should minimize contamination of
the hands of personnel caring for patients with MRSA.
Further studies are needed to establish if the number
of viable organisms that contaminate the hands of per-
sonnel who have contact only with environmental sur-
faces is sufficient to result in efficient transmission of
MRSA to patients.

We also found that, when the patient’s immedi-
ate environment was heavily contaminated with
MRSA, personnel frequently contaminated the front
of their uniforms or gowns during activities that did
not result in obvious soiling of their clothing. Our
findings corroborate earlier studies that found that
personnel may contaminate their clothing while car-
ing for patients.*** A few studies have suggested that
organisms may be transferred from one patient to
another by contaminated nurses’ uniforms.45152
However, neither these earlier studies nor the pre-
sent study provide direct evidence that S aureus is
transmitted from one patient to another via the cloth-
ing of personnel. Further investigations are needed
to establish whether S aureus is transmitted effec-
tively on the clothing of personnel.

Recently, the Hospital Infection Control
Practices Advisory Committee (HICPAC) published
new guidelines for isolation precautions in hospi-
tals.”® The HICPAC guidelines recommend that
gloves be worn routinely by all personnel entering
the rooms of patients with MRSA. Gowns are recom-
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mended if the healthcare worker’s clothing will have
substantial contact with the patient or environmental
surfaces in the patient’s room. The guidelines also
recommend that personnel remove their gloves
before leaving the room and wash their hands with
an antimicrobial agent. We believe that the findings
of the present study provide additional rationale for
the use of such precautions. However, further stud-
ies are necessary to establish the levels of environ-
mental contamination that are epidemiologically
important and to elucidate the mechanisms by which
organisms are transmitted from the inanimate
objects to susceptible patients.
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