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Background: Although environmental cleaning and disinfecting practices have become a cornerstone of patient care, assessment
of actual compliance with such procedures has not been reported. Using a novel methodology, we developed a means to monitor
directly such activities.
Methods: A nontoxic target solution, which intensely fluoresces with a black light, was formulated to be inconspicuous yet readily
removed by housekeeping products. Small volumes of material were confidentially applied to 12 target sites in patient rooms in 3
hospitals following terminal cleaning. The targets were reevaluated following terminal cleaning after several patients had occupied
the room.
Results: One hundred fifty-seven rooms and 1404 targets were evaluated. In the 3 hospitals studied, only 45%, 42%, and 56% of
targets were removed by routine terminal cleaning/disinfecting activities. The frequency with which various individual sites were
cleaned varied widely but was similar in all hospitals.
Conclusion: The use of a novel target compound to evaluate housekeeping practices confirmed high rates of cleaning of traditional
sites but poor cleaning of many sites that have significant potential for harboring and transmitting microbial pathogens. This meth-
odology has the potential for being used to evaluate objectively the cleaning/disinfecting activities in various health care settings.
(Am J Infect Control 2006;34:513-9.)
During the past decade, controlling and limiting the
spread of health care-associated pathogens has be-
come one of the most challenging aspects of health
care epidemiology.1-3 Unfortunately, the continuing es-
calation of infections with these pathogens has led to
more than 1.5 million people developing resistant hos-
pital-acquired infections in the United States annually.4

Although enhancement of hand hygiene through the
development of user-friendly, alcohol-based hand
cleansers has proven to be a major development in
health care-associated infection prevention, optimiz-
ing the manner in which they are utilized5 and achiev-
ing consistently high levels of compliance with their
use remain as challenges.6-8 Although screening-based
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isolation practices have been advocated to limit the
transmission of methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococcus
(VRE),9,10 logistical issues and concerns about the prac-
tical application and cost-effectiveness of such prac-
tices continue to be debated.3,11,12 Although it has
been suggested that screening-based isolation prac-
tices have the potential for reproducing the impact
such practices had on the frequency of MRSA resis-
tance in several European countries,10,13 recent reports
showing that overall nosocomial infection rates have
not improved concomitantly suggest that reliance on
such practices may alter the epidemiology but not
the incidence of health care-associated infections. In-
deed the overall nosocomial infection rates in these
northern European countries are currently quite simi-
lar to rates in southern European countries and US
hospitals.14 Despite appropriate isolation practices,
outbreak persistence as well as significant environ-
mental contamination has been documented with
VRE15-17 and MRSA18 as well as with Clostridium diffi-
cile, for which screening is not feasible.19 These pro-
grammatic as well as pathogen-based issues clearly
have the potential for limiting the effectiveness of cur-
rent as well as proposed isolation practices.10,20

In the context of such limitations, it has been
suggested that enhancement of existing cleaning/
disinfection practices deserves further consideration
and evaluation.20,21 Irrespective of the fact that it is
not currently feasible to define independently the
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role of the hospital environment in the ongoing
transmission of health care-associated pathogens,
numerous studies over the past 20 years have con-
firmed the frequent contamination (Fig 1)22-43 of
many surfaces in the near patient environment
(Fig 2)15,17,22,23,26,27,29-32,35-37,39,40,42-45 with hospital-
associated pathogens that are able to survive on inani-
mate surfaces for weeks to months.46,47 With respect to
individual pathogens, it has been found that high rates
of environmental contamination with C difficile have
been associated with both symptomatic23,27,32 as well
as asymptomatic27 patients. Although documented by
only a single study that evaluated the role of environ-
mental contamination in the transmission of C difficile
and found a strong correlation with the intensity of
environmental contamination,32 it is not surprising
that outbreaks of C difficile infection have been suc-
cessfully terminated by enhanced cleaning/disinfect-
ing activities.26,28,48-50 With respect to VRE, the role
of environmental contamination in transmission was
documented51 and considered important prior to the
promulgation of the 1995 Hospital Infection Control
Practices Advisory Committee (HICPAC) guidelines to
control the spread of VRE.52 Recent studies have con-
firmed the frequency of VRE environmental contami-
nation, which has been shown to be highly correlated
with the number of body sites colonized31 as well as
the intensity of gastrointestinal tract colonization.34

Furthermore, the ease with which gloved hands can be-
come contaminated with VRE by limited contact with a
colonized patient’s bed rail and bedside table,37 the
rapid recontamination of surfaces in the near patient
environment with VRE despite effective daily cleaning
even in the absence of diarrhea,39 and the occurrence
of documented cases of direct transmission of VRE

Fig 1. The proportion of environmental surface
cultures positive for C difficile, VRE, and MRSA

reported in the literature. Each point represents a
separate study and the column, the mean for that

pathogen.26-47
from the environment to patients17,53,54 as well as
the termination of a VRE outbreak in an intensive
care unit (ICU) by enhanced cleaning activities17 sup-
port the likely importance of the environment in the
epidemiology of this pathogen.39,55 Given the fact
that MRSA is frequently found in the environment of
both colonized and infected patients as well as colo-
nized health care workers,56 can be transmitted by
the gloves of health care providers,43 and has been
shown to increase in concentration in the stool of col-
onized patients receiving broad spectrum antibiotics,57

it is likely that environmental contamination plays
a role in the spread of MRSA. In addition, DNA typ-
ing in 3 studies has supported the likely importance
of environmental reservoirs in colonal MRSA and
methicillin-susceptible Staphylococcus aureus (MSSA)
outbreaks in hospitals lasting from 3 months to 5
years.36,18,58

These and similar observations have confirmed the
long-standing belief that environmental cleaning/disin-
fecting activities are important in providing an opti-
mally safe environment for patients and have led to
the development of specific guidelines for environ-
mental infection control in health care facilities. In
2002 the Centers for Disease Control and Prevention
(CDC) recommended that hospitals ‘‘thoroughly clean
and disinfect environmental medical equipment sur-
faces on a regular basis.’’59 Similarly, the Society for
Health Care Epidemiology of America’s position paper
regarding enhanced interventions to control the spread
of resistant Staphylococcus aureus and enterococci rec-
ommended that hospitals ‘‘ensure’’ that their institu-
tional methods of disinfecting surfaces be shown to
be ‘‘adequate.’’10 Also in 2003, the National Health Ser-
vice of Great Britain specifically recommended that,

Fig 2. The relative frequency with which surfaces
in the near patient environment have been

found to culture VRE, MRSA, and C difficile.
Each 1 represents a single report in the

literature.19,21,26,27,30,31,33-36,39,40,42-44,46-49
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‘‘cleaning and disinfecting programmes and protocols
for environmental surfaces in patient care areas would
be defined.’’14 Most recently, the draft guidelines for
isolation precautions developed by the CDC emphasize
the importance of environmental cleaning and disin-
fection activities.60 Although these 4 guidelines speci-
fically state that hospitals ‘‘ensure compliance by
housekeeping staff with cleaning and disinfecting pro-
cedures,’’59 ‘‘ensure meticulousness of cleaning,’’10

‘‘ensure high standards of cleanliness are being
achieved,’’14 and ‘‘ensure consistent cleaning and dis-
infection of surfaces in close proximity to the patient
and likely to be touched by the patient and health
care worker,’’60 they provide no directives regarding
the means by which hospitals are to assess their ability
to comply with or ‘‘ensure’’ the effectiveness of such
activities prospectively. In a similar manner, the Joint
Commission for Health Care Accreditation 2004 stan-
dard states that hospitals are ‘‘expected to develop
standards to measure staff and hospital performance
in managing and improving the environment of care’’
without defining how to develop and objectively mea-
sure such standards.61

In view of the recognized importance of interven-
tions to improve patient safety by minimizing the
impact of ongoing contamination of ‘‘high touch’’ ob-
jects (HTOs)59 with the resilient and pathogenic bacte-
ria that frequently contaminate these surfaces and in
the context of the above guidelines, we developed
and tested a methodology to evaluate the thoroughness
with which housekeeping activities were being carried
out in our hospitals.

METHODS

Two of the hospitals involved in the study had similar
demographics. They were both urban primary and sec-
ondary care institutions. Hospital A had 136 and hospi-
tal B had 115 medical/surgical beds with 15- and 14-bed
combined medical/surgical ICUs, respectively. Although
the hospitals had geographic proximity, their adminis-
trative, clinical, and housekeeping staffs were com-
pletely independent. Hospital C was a 60-bed, acute
care, short-term rehabilitation hospital.

A targeting solution was developed using an envi-
ronmentally stable nontoxic base to which was added
a chemical marker that fluoresces brightly when ex-
posed to black light. The material was developed to
be inconspicuous, to dry rapidly on surfaces, to remain
environmentally stable for several weeks, to resist dry
abrasion, and to be easily removed with moisture
accompanied by minimal abrasion. Small plastic
squeeze bottles were used to dispense approximately
0.2 mL solution to standardized target sites. A group
of 12 targets were chosen on the basis of the CDC’s
recommendation that enhanced cleaning activities
should be directed at ‘‘high touch’’ surfaces,59 as well
as sites reported in the previously cited literature as be-
ing frequently contaminated with hospital-associated
pathogens. Such surfaces included toilet handles, hor-
izontal surface of toilet bowls, bedpan flushing devices,
horizontal surface of sinks adjacent to a faucet, door-
knobs (or push/grab plates), toilet area hand holds
immediately adjacent to the toilet, bedside tables, tele-
phone receivers, call buttons, overbed tables, seats of
patient chairs, and frequently contacted areas on be-
drails. To the degree possible, the targeting material
was placed on the HTO in an area that was easily acces-
sible to cleaning and in close proximity to that portion
of the object most frequently contacted by patients’
and health care workers’ hands. HTOs were confiden-
tially marked by one of the authors after a room had
been terminally cleaned following discharge of its oc-
cupant. After 2 to 3 patients had occupied the room
and the room was again terminally cleaned, a hand-
held black light was used to determine whether the
marked HTOs in the room had been cleaned. Although
the marking material was usually completely removed
by routine disinfection cleaning, the object was consid-
ered cleaned if the target material was clearly dis-
turbed. Patient room floors and room walls were not
evaluated, given the limited potential for their serving
as a source of transmission of nosocomial pathogens.62

Statistical data analyses were performed using a
2-tailed Fisher exact test and were calculated with the
use of Graph Pad (available at www.graphpad.com;
GraphPad Inc., San Diego, CA).

RESULTS

During the study of periods ranging from 1 to 4
months, 60, 54, and 43 rooms were evaluated at the
3 hospitals. Overall, 47% of the 1404 HTOs evaluated
were found to have been cleaned after several terminal
cleanings, with the individual hospitals having clean-
ing rates of 45%, 42%, and 56% respectively. Although
12 separate targets were marked in many rooms, the
absence of chairs or individual toilets in some rooms
resulted in an average of 8.9 HTOs being assessed in
the 157 rooms evaluated. As noted in Fig 3, high rates
of cleaning, between 80% and 92%, were found for
bedside tables, toilet tops, tray tables, and sinks. In con-
trast, several HTOs, including bedpan cleaning equip-
ment, patient room, and bathroom doorknobs (or
door pulls) as well as toilet handholds were cleaned
in between 12.3% and 18% of rooms overall. The dif-
ferences found between most often cleaned objects
(.80%) and least often cleaned objects (,20%) in
the 3 hospitals were highly significant (P # .001). The
remaining objects, although more frequently cleaned

http://www.graphpad.com
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than the group of least often cleaned objects, were, as a
group, still significantly less frequently cleaned than
the objects cleaned .80% of the time (mean, 88.3%
vs 54.5%, respectively, P # .001).

DISCUSSION

The use of an environmentally stable, nontoxic, in-
conspicuous targeting solution allowed us to evaluate
the thoroughness with which terminal cleaning was
done at our three hospitals. Although the CDC 2003
Guidelines for Environmental Infection Control in
Healthcare Facilities recommends ‘‘cleaning and disin-
fection of high touch surfaces (eg, doorknobs, bedrails,
light switches in and around toilets in patients’ rooms)
on a more frequent schedule than minimal touch
housekeeping services’’ (Environmental Services I, E,
3),59 our results indicate that environmental services
staff at the 3 hospitals we evaluated were not cleaning
many of these HTOs as a regular part of terminal room
cleaning. Given the consistently high frequency of
cleaning documented for sinks, toilet tops, and tray

Fig 3. The proportion (%) of targets cleaned in (A)
bathroom areas and (B) patient rooms. The columns

represent the mean for the three hospitals. The
vertical bars represent the range of cleaning

observed.
tables, it would appear likely that the suboptimal clean-
ing of many HTOs such as bedpan cleaners, toilet area
handholds, and doorknobs was due to a lack of appre-
ciation for the potential role the latter objects have in
the transmission of nosocomial pathogens rather
than ineffective terminal disinfection cleaning in gen-
eral. This possibility is further supported by the narrow
range in the proportion of HTOs cleaned for the 2 most
frequently cleaned objects (mean range, 62.5%)
among each of the 3 hospitals in contrast to the 4 least
frequently cleaned objects (mean range, 611.2%) as
noted by the vertical bars in Fig 3. Although the limited
size of this preliminary analysis precludes generaliza-
tion of our results to other settings, it is particularly
concerning that we consistently found the 2 least
cleaned HTOs, namely bedpan cleaners (mean,
12.3%; range, 9%-20%) and toilet area handholds
(mean, 17.7%; range, 0%-50%) represent objects
with a high potential for contamination by environ-
mentally resilient gastrointestinal colonizing patho-
gens such as C difficile; VRE; MRSA; and resistant,
gram-negative bacilli. Given the effectiveness of disin-
fectants for a wide range of pathogens,63,64 including
antibiotic-resistant bacteria,55,64-66 the fact that termi-
nal cleaning/disinfection activities are not effective in
substantially eliminating these pathogens from the
near patient environment41,20,44,55,67 suggests that the
thoroughness of cleaning itself may be suboptimal if
less than half of HTOs in these studies were actually
cleaned as was the case in our institutions.

Although the documentation of suboptimal environ-
mental cleaning of a range of HTOs in our hospitals
may represent an isolated phenomenon, several re-
ports suggest that suboptimal cleaning/disinfecting
practices may be widespread. In 1998, Beyers et al re-
ported finding 15.9% (range, 3%-32%) of 376 sampled
sites still contaminated by VRE following routine clean-
ing.20 Although the proportion of sites contaminated
prior to evaluation was not assessed, the range of pos-
itive sites was similar to that reported in studies that
evaluated contamination in rooms of patients with
active VRE colonization or infection.17,39,37 More re-
cently, Bahalla et al found only a 50% decrease in
surface contamination by several health care-associ-
ated pathogens immediately following routine clean-
ing and disinfection activities in 25 patient rooms.40

Furthermore, several reports have shown insignificant
differences in rates of environmental contamination
in cleaned versus occupied rooms with MRSA38 and
VRE40 as well as a group of several hospital-associated
pathogens.35 Finally, it is of note that several studies
have clearly shown that enhanced cleaning signifi-
cantly decreases environmental contamination with a
range of health care-associated pathogens.20,51,67,68

Taken together, these observations raise the possibility



Carling et al October 2006 517
that institutional cleaning limitations in the thorough-
ness of disinfection cleaning may have an important
role in the spread of health care-associated pathogens.

Only limited studies evaluating the thoroughness of
environmental cleaning using an indirect methodology
have been reported. An indirect evaluation of surface
contamination with organic matter has been used in
the food preparation industry.44 This methodology,
which employs a bioluminescence monitor to measure
organic adenosine triphosphate (ATP) (found in all life
forms except viruses) to detect the presence of organic
material on surfaces, was used by Griffith et al to eval-
uate the effectiveness of surface cleaning/disinfection
activities in an acute care hospital.45 Although the au-
thors found that the negative bioluminescence result
correlated with low aerobic bacterial counts on sur-
faces, the fact that their testing was not able to distin-
guish between cleaned and noncleaned targets as
well as the inability of the technology to exclude inter-
ference from nonbacterial-containing organic matter
suggests that the high sensitivity of this methodology
may limit its application in the general health care set-
ting for the evaluation of environmental cleaning activ-
ities.69 Although several recent studies have used
environmental cultures to evaluate the effectiveness
of disinfection/cleaning of contaminated patient
rooms,21,35,38,40 the cost and logistical complexity of
such investigations has precluded their use in evaluat-
ing the overall effectiveness of institutional environ-
mental services.70,71

Although it is generally accepted that such surface
cleaning/disinfection of the near patient environment
is an important component of institutional health
care and in light of the substantial resources allocated
to cleaning/disinfecting activities in health care facili-
ties,72 it is of note that the programatic effectiveness
with which such activities are being carried out has
not previously been evaluated prospectively over a sev-
eral month period of time. To date, only 1 other study
has evaluated the effectiveness and thoroughness of
routine cleaning activities in hospitals. This report by
Malek et al compared 2 standardized, observation-
based audit guidelines73,74 with a risk-based audit
tool used in conjunction with rapid environmental test-
ing with an ATP bioluminescence tool for several obser-
vation periods in 4 hospitals.75 Although 90% of sites
appeared visually clean immediately after routine dis-
infection/cleaning activities, none of the sites were
found to be effectively cleaned using the ATP biolumi-
nescence monitor, and only 10% met bacteriologic
food-handling standards. Although the authors con-
clude that cleaning/disinfection activities were uni-
formly ineffective, it should be noted that objectively
based standards for hospital cleaning have yet to be
developed.
The primary limitation of our study relates to the
fact that only 3 hospitals were evaluated, which pre-
cludes a broad generalization of the findings. Although
we were unable to identify a basis for the similarity of
results among the hospitals, the fact that they were
within a 40-mile radius raises the possibility that these
suboptimal overall cleaning rates may reflect a geo-
graphically localized phenomenon. In addition, our
evaluation focused exclusively on the thoroughness
with which terminal cleaning was being carried out.
Given recent studies of the environmental epide-
miology of VRE33,37 and the limited effectiveness of
daily cleaning activities28,37,39 in contrast to terminal
cleaning29,39,61 on the prevalence of environmental
contamination, it might have been useful to have un-
dertaken an assessment of the thoroughness of both
activities.

In light of these preliminary findings and in the con-
text of the international concerns regarding the limita-
tions of current interventions to improve patient
safety by decreasing the ongoing transmission of health
care-associated pathogens,71,76 it may be important to
evaluate further the role of optimized environmental
cleaning/disinfection of the near patient environment
to address more completely these problems. Given
our observation that the most complete cleaning related
to objects that are easily accessible and are commonly
cleaned in the domestic environment as well as the
consistency with which less traditional and more
epidemiologically important objects were substantially
less frequently cleaned, we believe that a similar
analysis of the thoroughness of cleaning of the near
patient environment in other health care facilities is
warranted.
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