INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY JULY 2008, VOL. 29, NO. 7

ORIGINAL ARTICLE

Impact of an Environmental Cleaning Intervention on the
Presence of Methicillin-Resistant Staphylococcus aureus
and Vancomycin-Resistant Enterococci on Surfaces
in Intensive Care Unit Rooms

Eric R. Goodman, BS; Richard Platt, MD, MS; Richard Bass, BS, CHESP; Andrew B. Onderdonk, PhD;
Deborah S. Yokoe, MD, MPH; Susan S. Huang, MD MPH

OBJECTIVES. To evaluate the adequacy of discharge room cleaning and the impact of a cleaning intervention on the presence of methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE) on environmental surfaces in intensive care unit (ICU)
rooms.

DESIGN. Prospective environmental study.

SETTING AND SAMPLE. Convenience sample of ICU rooms in an academic hospital.

METHODS AND INTERVENTION. The intervention consisted of (1) a change from the use of pour bottles to bucket immersion for applying
disinfectant to cleaning cloths, (2) an educational campaign, and (3) feedback regarding adequacy of discharge cleaning. Cleaning of 15 surfaces
was evaluated by inspecting for removal of a preapplied mark, visible only with an ultraviolet lamp (“black light”). Six surfaces were cultured for
MRSA or VRE contamination. Outcomes of mark removal and culture positivity were evaluated by x? testing and generalized linear mixed
models, clustering by room.

RESULTS. The black-light mark was removed from 44% of surfaces at baseline, compared with 71% during the intervention (P < .001). The
intervention increased the likelihood of removal of black-light marks after discharge cleaning (odds ratio, 4.4; P < .001), controlling for ICU
type (medical vs surgical) and type of surface. The intervention reduced the likelihood of an environmental culture positive for MRSA or VRE
(proportion of cultures positive, 45% at baseline vs 27% during the intervention; adjusted odds ratio, 0.4; P = .02). Broad, flat surfaces were

more likely to be cleaned than were doorknobs and sink or toilet handles.

CONCLUSIONS.

Increasing the volume of disinfectant applied to environmental surfaces, providing education for Environmental Services

staff, and instituting feedback with a black-light marker improved cleaning and reduced the frequency of MRSA and VRE contamination.
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Environmental contamination with pathogens commonly oc-
curs during routine medical care. Many studies have described
transmission of pathogenic organisms through contact with
contaminated room surfaces.!”* Of particular concern is the
potential for transmission of multidrug-resistant organisms,
such as methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant enterococci (VRE), which are asso-
ciated with healthcare-associated infections, increased lengths
of stay in hospitals, increased healthcare costs, and increased
mortality.*”

Cleaning is essential to reduce environmental reservoirs of
known hospital-acquired pathogens. Surfaces in rooms occupied

by MRSA-positive or VRE-positive patients can contaminate the
hands of healthcare workers who touch these surfaces without
touching the colonized or infected patient.®° Both MRSA and
VRE have been isolated from various fomites, including beds,
linen hampers, doorknobs, and window ledges.!!"¢ Studies have
demonstrated that these antimicrobial-resistant pathogens can
persist on room surfaces even after discharge cleaning.'”'* Inter-
ventions that address the thoroughness of room cleaning have
proven successful in reducing the environmental burden of such
organisms."

Although the goal of environmental cleaning and disinfec-
tion is not sterilization, adequate cleaning requires sufficient
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removal of pathogens to minimize patients’ risk of acquiring
infections from hospital environments. This is particularly
true in areas serving high-risk patients, such as intensive care
units (ICUs). The Environmental Services department at
Brigham and Women’s Hospital has routine cleaning policies
that exceed national performance standards.'” Examples of
added measures include exchanging bed curtains after dis-
charging patients who were placed under contact precautions
and using pour bottles to dispense disinfectant, which results
in quantities of applied agent that are larger than those dis-
pensed by spray bottles. In addition, all Environmental Ser-
vices staff receive hands-on training in cleaning protocols and
twice-monthly quality-control assessments that affect com-
pensation. Nevertheless, we have recently shown that patients
admitted to ICU rooms previously occupied by MRSA or VRE
carriers are at increased risk for MRSA or VRE acquisition.'® It
is possible that high-risk areas occupied by patients who are
critically ill, often with wounds, medical devices, and immu-
nocompromised states, have need of more-intensive cleaning
protocols to reduce transmission of and subsequent infection
due to these and other pathogens.

Recently, a novel and nontoxic tracking marker that is visi-
ble only under a UV lamp (“black light”) has been developed to
assess the quality of environmental cleaning. It is invisible and
can be removed only with sufficient moisture.??* Feedback
based on this evaluation system has been shown to improve
cleaning technique, but it is not known whether it produces
reductions in environmental contamination. We assessed
whether an intervention involving improved cleaning prac-
tices, staff education, and feedback based on the black-light
monitoring system would impact the thoroughness of dis-
charge room cleaning and the environmental prevalence of
MRSA and VRE in ICU rooms.

METHODS
Setting and Design

We performed an 8-month prospective study evaluating the
impact of an intervention on discharge cleaning of hospital
ICU rooms from June 15, 2006, through February 13, 2007.
The study consisted of a 6-week baseline period and
6-month intervention period and was performed in all 10
ICUs at Brigham and Women’s Hospital, an 800-bed
tertiary-care facility and academic medical center in Boston,
Massachusetts. The ICUs each had a 10-bed capacity, and
they included cardiac, medical (2 units), general surgery,
burn/trauma, cardiac surgery (2 units), neurosurgery (2
units), and thoracic surgery ICUs. This study was per-
formed as a joint Infection Control and Environmental Ser-
vices quality-improvement project and received approval
for analysis and publication from the hospital’s institutional
review board.

Atbaseline, routine discharge room cleaning was performed
using a hospital-grade quaternary ammonium disinfectant.
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TABLE 1. Surfaces Evaluated After Postdischarge Room Cleaning

Surfaces marked with black-light substance
Main doorknob
Bathroom doorknob
Main countertop
Linen hamper
Monitor touch pad
Equipment cart top
Equipment cart handle
Window countertop
Intravenous pump
Sink handle
Bedside table
Curtain
Light switch
Toilet flush handle
Bed rail®

Surfaces cultured
Linen hamper and trash bin®
Doorknobs¢
Monitor touch pad
Countertop
Equipment cart (top and handles)
Bed rail®

2 Only in medical intensive care unit (ICU) rooms; beds in all other ICU
rooms traveled with patients on transfer from the ICU.

b A single swab was used to sample both surfaces for a qualitative culture; in
addition, a quantitative culture sample was taken from the linen hamper alone.
¢ A ssingle swab was used to sample both doorknobs for a qualitative culture; in
addition, a quantitative culture sample was taken from the main doorknob
alone.

Staff dusted and wiped all surfaces and equipment, in compli-
ance with national standards, as described elsewhere.!®

Baseline Period

To identify “high-touch” (ie, frequently touched) surfaces
in a typical ICU room, an informal survey was conducted
among a convenience sample of ICU nurses. Based on the
results of this survey, 15 environmental surfaces were se-
lected for marking with a black-light indicator, and 6 envi-
ronmental surfaces were selected for culture after discharge
cleaning (Table 1).

We identified rooms of ICU patients who were known to
harbor either MRSA or VRE and who were expected to be
discharged from the ICU within 24 hours. Identification oc-
curred during weekday daytime and evening hours for a
6-week period (June 15, 2006 to July 28, 2006). Pending dis-
charges were identified by using an automated Environmental
Services database in which imminent discharges were posted
and by periodic communication with ICU nursing staff and
unit coordinators. Rooms of patients under airborne, trans-
plant, neutropenic, or droplet precautions were excluded, to
prevent unmeasured effects of additional precautions on the
thoroughness of room cleaning.

Evaluation and culturing during the baseline period were
performed with the knowledge of the Environmental Services
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director but without the knowledge of Environmental Services
staff, supervisors, or managers. Before discharge room clean-
ing, the 15 preselected surfaces were marked with a black-
light—sensitive substance, which is nontoxic, invisible, and re-
movable only with a moist cloth applied with moderate
pressure. Marks were approximately 1 cm? in area and were
placed in a consistent location on each surface.

After postdischarge room cleaning and before the admis-
sion of a new patient, a black light was used to evaluate
whether the marks had been removed. Marks were classified
as “clean” (completely or partially removed) or “dirty” (not
removed). In addition, the preselected 6 surfaces were cul-
tured for MRSA and VRE from samples collected on sterile
rayon swabs (Bacteriology Culture Collection and Trans-
port System; Fisher Scientific). For each surface, a sample
for quantitative culture was collected from a 1-cm? sterile
template applied to the surface, and a sample for qualitative
culture was collected by using a separate swab and liberally
sampling a large area of the surface. All specimens were
processed within 24 hours of collection.

Quantitative culture swabs were vortexed briefly in 1 mL of
sterile phosphate-buffered saline, and 100 L of this solution
was plated on vancomycin-impregnated bile esculin azide agar
and oxacillin-impregnated mannitol salt agar. Plates were in-
cubated at 37°C for 24 hours. Confirmation of the presence of
MRSA and VRE was performed in accordance with Clinical
and Laboratory Standards Institute guidelines.?*

Qualitative culture swabs were vortexed in 5 mL of tryptic
soy broth and incubated at 37°C for 24 hours. Samples exhib-
iting turbidity were plated on screening plates as described
above. Culture tubes exhibiting no growth after 24 hours were
reincubated for an additional 24 hours and rescreened for tur-
bidity.

Intervention Period

The 6-month intervention period lasted from July 30, 2006,
through February 13, 2007. At the start of the intervention
period, all Environmental Services staff, managers, and su-
pervisors were fully informed of the study and baseline pe-
riod results. The intervention involved 3 components: (1) a
change in the application of disinfectant from the use of
pour bottles to immersion of the cleaning cloth in buckets,
(2) Environmental Services staff education on transmission
of healthcare-associated pathogens and resultant infection,
and (3) feedback regarding the thoroughness of room clean-
ing, using the black-light indicator. Education further em-
phasized proper dilution of concentrated disinfectant, re-
peated immersion of cloths in disinfectant before cleaning
of each room surface, and discarding of disinfection solu-
tion after each room cleaning.

Black-light mark application and screening were continued
throughout the intervention period for 2 days per week by
Infection Control staff. ICU rooms from which a MRSA-
positive or VRE-positive patient was expected to be discharged

or transferred within 24 hours were chosen for black-light
marking, evaluation of mark removal, and culturing of envi-
ronmental surfaces, as described above.

In addition, Environmental Services supervisors were
trained to integrate black-light screening into their routine
evaluation of approximately 50% of all ICU rooms undergoing
discharge cleaning. Supervisors were trained to mark 5 surfaces
before discharge cleaning and to screen for removal of the
marks after cleaning was performed. Room selection was at the
discretion of the supervisors. Every 2 months, the 5 surfaces
rotated, such that all 15 of the surfaces chosen for evaluation
were monitored within 6 months. Supervisors were instructed
to provide immediate feedback to their staff after screening a
room. Although the placement and assessment of black-light
marks by supervisors was part of the intervention protocol,
only data collected by infection control staff contributed to the
analysis of the intervention impact, to maintain standardiza-
tion in room selection.

During the intervention period, results of all black-light
evaluations were reported weekly to the Environmental Ser-
vices director and managers for dissemination to their super-
visors and staff. These reports tabulated the results by ICU,
surface, and Environmental Services staff member, to identify
targets for improvement.

Analysis

We calculated the percentage of black-light marks removed
after discharge cleaning, stratified by study period. We assessed
potential predictors of mark removal in bivariate tests (x?) and
generalized linear mixed models (GLIMMIX; SAS version 9.1;
SAS Institute), which accounted for clustering by room. As-
sessed variables included surface type, study period (baseline
or intervention), ICU type (medical or surgical), and prior oc-
cupant status (MRSA positive or VRE positive).

In addition, we calculated the percentage of surface cultures
yielding MRSA or VRE. Results were evaluated by (1) study
period (baseline or intervention), (2) black-light mark status
of the surface (clean or dirty), and (3) prior occupant status
(MRSA positive or VRE positive). The association between
culture positivity and black-light mark status, study period,
and prior occupant status were assessed using 2-tailed x* tests
and generalized linear mixed models, accounting for clustering
by room. In a separate model, we further assessed whether the
proportion of cleaned marks in each room was predictive of
whether any surface yielded a culture positive for MRSA or
VRE. Assessed variables in this latter model included surface
type, percentage of removed black-light marks, study period
(baseline or intervention), and ICU type (medical or surgical).
Lastly, we performed 2 separate multivariate models evaluat-
ing whether MRSA-positive prior occupant status or VRE-
positive prior occupant status predicted a surface culture pos-
itive for the same organism. In all models, effect modification
was assessed using interaction terms, and predictors were re-
tained at P < .05.
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FIGURE 1. Impact of the intervention on the removal of a black-
light mark on 15 high-touch surfaces. A total of 41 rooms (545 sur-
faces) were evaluated during the baseline period, and a total of 44
rooms (576 surfaces) were evaluated during the intervention. The bed
rail was evaluated only in medical intensive care units, with a <50%
sample size in both periods. No. of bed rails marked: baseline, n = 19;
intervention, n = 14.

RESULTS

The black light was used to evaluate a total of 41 ICU rooms
(545 surfaces marked) during the baseline period and 44
rooms (576 surfaces marked) during the intervention period.
The percentages of surfaces that were clean during both study
periods are shown in Figure 1. Not all surfaces were evaluated
in every room, because mobile room items, such as linen ham-
pers and bed trays, were occasionally removed during dis-
charge cleaning. Bed rails were evaluated only in the medical
ICU, because beds in all other ICUs transferred with the dis-
charged patient. All surfaces showed an improvement in the
percentage of clean surfaces in the intervention period, with
the exception of bed rails, which had half the number of black-
light evaluations compared with the other surfaces. Overall,
the percentage of total ICU precaution rooms sampled was
25% in the baseline period and 5% in the intervention period.

In bivariate testing, mark removal was more frequent during
the intervention period than during the baseline period (71%
vs 44%; P < .001). Additional predictors of mark removal in-
cluded type of ICU (medical vs surgical, 62% vs 54%; P = .005)
and type of surface (P < .001). The results of the multivariate
analysis were similar (Table 2), with the intervention period
remaining a strong predictor of mark removal from room sur-
faces. There was no difference in the effect of the intervention
between surgical and medical ICUs. Surfaces with the highest
likelihood of mark removal either were removed at the time of
discharge cleaning for laundering (eg, curtains) or involved a

TABLE 2.

Multivariate Model Predicting Likelihood of
Black-Light Mark Removal, Clustering by Room

Variable Odds ratio (95% CLs) P
ICU type: medical 2.1(1.4,3.2) <.001
Surface type
Light switch 1.0
Main door 1.8 (0.8, 4.0) 12
Toilet handle 2.7 (1.3, 5.6) .007
Waste room door 3.6(1.8,7.4) <.001
Monitor touch pad 3.7 (1.8,7.5) <.001
Equipment cart handle 4.8(2.4,9.8) <.001
Sink handle 10.1 (4.9, 20.9) <.001
Equipment cart top 11.4 (5.5, 23.7) <.001
Bed rail 11.9 (4.5, 31.8) <.001
Window ledge 12.1 (5.8, 25.3) <.001
Intravenous pump 13.3 (5.8, 30.8) <.001
Bedside tray 15.7 (7.1, 34.5) <.001
Linen hamper 22.0 (9.7, 49.8) <.001
Countertop 29.0 (13.0, 64.9) <.001
Curtain 33.0 (13.6, 80.2) <.001
Intervention period 44 (3.2,6.2) <.001

NOTE. CLs, confidence limits; ICU, intensive care unit.

flat surface (eg, countertops or linen hampers). Doorknobs
and handles were the least likely to be cleaned.

Samples for qualitative and quantitative MRSA and VRE
culture were collected from 6 surfaces in each of 37 rooms
during the baseline period and 44 rooms during the interven-
tion period, for a total of 199 quantitative and 199 qualitative
cultures during the baseline period and 234 quantitative and
234 qualitative cultures during the intervention for each or-
ganism. Bed rails were cultured only in the medical ICU. One
set of cultures (from a countertop) was lost.

Culture results stratified by surface type are shown in Table
3, and results stratified by prior occupant MRSA and VRE car-

TABLE 3. Methicillin-Resistant Staphylococcus aureus (MRSA) and
Vancomycin-Resistant Enterococci (VRE) Culture Data, by Study Pe-
riod and Surface Type

No. (%) of cultures with positive results

MRSA VRE

Surface Baseline Intervention Baseline Intervention
Doorknobs 4(11) 2 (5) 2 (5) 1(2)
Monitor touch

pad 1(3) 0(0) 0(0) 0(0)
Equipment

carts 0(0) 3(7) 0(0) 0(0)
Linen hamper

and trash

bin 6 (16) 2(5) 4(11) 6 (14)
Countertop 0(0) 3(7) 2(5) 0(0)
Bed rail 0(0) 0(0) 1(7) 0(0)
All surfaces 11 (6) 10 (4) 9 (5) 7 (3)
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TABLE 4. Dectection of Methicillin-Resistant Staphylococcus au-
reus (MRSA) and Vancomycin-Resistant Enterococci (VRE) in Any
Surface Culture by Prior Occupant Status

No. (%) of rooms with a positive culture result

. MRSA VRE
Prior occupant
carriage status ~ Baseline Intervention Baseline Intervention
MRSA positive 9 (24) 7 (16) 4(11) 2 (5)
MRSA negative 1 (3) 0 (0) 4(11) 4(9)
VRE positive 5(14) 5(11) 8(22) 6 (14)
VRE negative 5(14) 2 (5) 0(0) 0(0)

riage status are shown in Table 4. No quantitative cultures
yielded any MRSA or VRE growth in either study period.
Among qualitative cultures, 16 (45%) of 37 rooms had at least
1 surface with a culture positive for MRSA or VRE at baseline,
compared with 12 (27%) of 44 rooms after the intervention,
although the difference was not statistically significant in bi-
variate testing. Type of ICU was predictive of positive surface-
culture results (surgical vs medical, 11% vs 5% of rooms; P =
.02), as was type of surface (P < .001).

Results of multivariate analysis assessing surface culture
positivity for either MRSA or VRE, clustering by room, are
shown in Table 5. In contrast to bivariate tests, which used
rooms as the unit of analysis, multivariate models showed a
significant intervention effect, with reduced environmental
MRSA and VRE contamination when cultures were used as the
unit of analysis and data were clustered by room. Notably,
there was no direct association between the removal of the
black-light mark from a specific surface and the likelihood that
the surface culture would yield MRSA or VRE. However, the
proportion of removed marks in a given room was significantly
predictive of fewer MRSA-positive or VRE-positive environ-
mental cultures and was interchangeable (collinear) with the
intervention effect in all models. Multivariate models assessing
the proportion of marks removed showed that there were 30%
fewer positive cultures for every 10% increase in the propor-
tion of removed marks (odds ratio, 0.7; P = .05). Prior occu-
pant VRE carriage status was not significantly predictive in
models limited to VRE-positive cultures, but MRSA-positive
prior occupant status was significantly predictive in models
limited to MRSA-positive cultures (data not shown).

DISCUSSION

An intervention consisting of bucket application of disinfec-
tant, Environmental Services staff education, and feedback us-
ing a black-light monitoring system improved the thorough-
ness of discharge room cleaning and reduced the likelihood of
isolating either MRSA or VRE from the ICU environment. Ad-
equate disinfection is particularly important in ICUs, because
the higher acuity of care contributes to contamination of envi-
ronmental surfaces with potential pathogens. Furthermore,
contamination may present a substantial risk to ICU patients,

who are critically ill and especially vulnerable to infection be-
cause of wounds, comorbidities, and use of medical devices.
Our previous work!® has shown that patients admitted to ICU
rooms previously occupied by MRSA or VRE carriers are at
higher risk for MRSA or VRE acquisition and that 33% of pa-
tients who acquire MRSA develop invasive disease within 1
year.” These risks make high-quality environmental cleaning
especially crucial in ICUs.

Although we are unable to determine the attributable im-
pact of each component of our intervention, the literature sup-
ports the individual effectiveness of each component in reduc-
ing the environmental burden of nosocomial pathogens.
Recent studies using the black-light marker have demonstrated
improved cleaning compliance.?*? Other studies have shown
that immersion of cleaning cloths in disinfectant is superior to
application of disinfectant via spray bottles for eradicating en-
vironmental VRE and reducing VRE transmission.!>!* Finally,
studies have shown that environmental cleaning education
and surveillance reduces levels of environmental contamina-
tion with pathogens.!>? In this work, we combined a return to
bucket immersion (standard practice in our hospital 20 years
ago) with cleaning surveillance and feedback based on the use
of a black-light marker to show that improved black-light
mark removal was associated with decreased environmental
contamination with MRSA and VRE.

Despite the fact that our institution’s cleaning practices ex-
ceeded national standards, only approximately 50% of black-
light marks were removed during the baseline period. This
finding is consistent with other studies.* In general, we
found that flat, horizontal surfaces (countertops, bedside tray
tables, and hamper tops) were adequately cleaned more often
than were small, vertical surfaces (doorknobs, toilet handles,
light switches, and electronics). Use of the black-light marker
not only allowed us to identify and target specific surfaces for
improvement but also allowed us to improve their cleaning
using a visually observable feedback tool that was well received
by patients, cleaning staff, and Environmental Services super-
visors.

TABLE 5. Multivariate Model Predicting the Likelihood of an En-
vironmental Culture Positive for Methicillin-Resistant Staphylococcus
aureus or Vancomycin-Resistant Enterococci, Clustering by Room

Variable Odds ratio (95% CLs) P
ICU type: surgical 3.0 (1,9.2) .05
Surface type
Monitor touch pad 1.0
Equipment cart 3.4 (0.7, 17.2) .15
Countertop 6.2 (1.3,29.2) .02
Bed rail 7.1 (0.9, 55.9) 06
Doorknobs 11.7 (2.6, 53.3) .002
Linen hamper and trash bin 19.7 (4.4, 89.0) <.001
Intervention period 0.4 (0.2,0.9) .02

NOTE. CLs, confidence limits; ICU, intensive care unit.
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The intervention revealed key insights into barriers to effec-
tive environmental cleaning and opportunities for improve-
ment. Although visual inspection was not a formal part of the
protocol, anecdotal observations suggested that failure of
black-light mark removal was often a result of inadequate sat-
uration of cleaning cloths with disinfectant rather than a fail-
ure to wipe surfaces. Inadequate saturation may have been in-
tentional on vertical surfaces, such as door knobs and handles,
since soaked cloths could produce noticeable dripping. Addi-
tionally, educational discussions with cleaning staff revealed
substantial reluctance to clean light switches and electronic
equipment with saturated cloths, for fear of electric shock or
damage to the equipment. Environmental services staff often
mentioned other constraints, such as pressure to expedite
cleaning to accommodate an incoming patient. Often, staff did
not feel comfortable reporting that inadequate time was al-
lowed for cleaning in response to such pressures. Additionally,
there was substantial confusion regarding whether Environ-
mental Services staff were responsible for cleaning mobile ob-
jects, such as equipment carts and intravenous pumps. This
intervention was helpful in identifying these concerns and im-
plementing appropriate responses, although additional im-
provement in assigning responsibility for cleaning of all mobile
objects is still needed.

Overall, placement of the 15 marks took less than 5 minutes.
Since the end of this study, assessment of the 15 surfaces has
continued in the routine compliance assays of Environmental
Services supervisors through 2-month cycles of 5 marks each.
Our finding that surfaces in surgical ICUs were more likely to
be contaminated with MRSA or VRE suggests that particular
attention may be needed to improve cleaning on surgical units.
Although we did not control for the prevalence of these organ-
isms in this study, we have found in our prior work that rates of
nosocomial MRSA and VRE transmission are higher in surgi-
cal ICUs than in medical ICUs, despite lower colonization
pressure.?”?

Our study has a number of limitations. First, the study de-
sign does not allow us to individually evaluate the effect of each
component of the intervention. Second, because of financial
constraints, we were able to culture only a fraction of marked
surfaces. Furthermore, the sensitivity of our cultures may have
been limited by the small surface area sampled for quantitative
culture or by the nonstandardized liberal swabbing for quali-
tative culture. Nevertheless, we were able to show an impact of
the intervention on both surface cleaning and environmental
culture results when multivariate models were applied. Lastly,
our study does not address the clinical significance of the pos-
itive cultures in this study, in terms of the effect of bacterial
burden on the patient-specific risk of MRSA or VRE acquisi-
tion. Prior work has suggested that nosocomial transmission
depends on a number of factors other than environmental bac-
terial burden. One study, for example, has suggested that the
duration of contact with VRE-contaminated surfaces may
have more of an impact on VRE transmission than does bac-
terial burden.? Other work has suggested that MRSA carriage
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at different body sites contaminates the environment with
varying frequency.® Further work is needed to understand the
thresholds at which environmental contamination leads to
pathogen acquisition.

In conclusion, this study demonstrates that an intervention
consisting of increased application of disinfectant, Environ-
mental Services staft education, and the use of a black-light
monitoring system improved cleaning and decreased the like-
lihood of cultures positive for either MRSA or VRE. Further
work is needed to evaluate the long-term effect of this inter-
vention on MRSA and VRE acquisition rates.
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