Cleanliness of portable medical
equipment disinfected by nursing staff
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Increased attention has been focused on disinfection by housekeepers, but few data are available on disinfection of equipment by
nurses. We used adenosine triphosphate bioluminescence assays and aerobic cultures to assess the cleanliness of portable medical
equipment disinfected by nurses between each patient use. We found that the equipment was not being disinfected as per protocol
and that education and feedback to nursing are warranted to improve disinfection of medical equipment.
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Current guidelines recommend that noncritical patient care equipment, defined as medical equipment
that comes in contact with intact skin, is cleaned and
decontaminated between each patient’s use. This practice reduces the incidence of health care-associated infections and is accomplished by use of a hospital-grade
disinfectant that kills most vegetative bacteria, some
fungi, and some viruses and is known as low-level disinfection.1 In 2007, a multidisciplinary committee in
our university-affiliated hospital developed written
policies for which items in patient care areas are to
be disinfected by housekeepers and which are to be
disinfected by nursing staff.2 Most attention has been
focused on environmental services personnel and
methods to monitor their cleaning effectiveness in patient rooms.3-5 Therefore, we evaluated the cleanliness
of mobile medical equipment that is used to take patients’ vital signs, which in our facility has been assigned to the nursing staff for disinfection between
each patient use.
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METHODS
We conducted a prospective study in a 500-bed,
university-affiliated hospital. During unannounced
visits, we sampled all mobile rolling blood pressure
(BP) units (Dinamap, GE Medical Systems, Milwaukee,
WI; Sphygmomanometer, W. A. Baum Co, Inc, Copiague,
NY; Welch Allyn, Beaverton, OR; Nellcor, Hayward, CA)
that were located on all medical and surgical wards.
Hospital policies specify that disinfection be done between each patient use by nursing staff using a bleach
wipe (Dispatch; Caltech Industries, Inc, Midland, MI).
The units were sampled for cleanliness by using an
adenosine triphosphate (ATP) bioluminescence assay
system (Clean-Trace ATP System; 3M, St. Paul, MN), as
described elsewhere,3 and aerobic culture. ATP readings were obtained from 5 items on the rolling BP units:
control buttons of the automatic BP unit, BP cuff, electronic thermometer, machine handle, and pulse oximeter. A defined area of each site was sampled using a
specialized swab, although a template was not used because of the variation in size and shape of each of the
5 sites. The areas sampled on each of the 5 items were
as follows: control buttons, 4 in2; BP cuff, 4 in2; thermometer, 1 in2; machine handle, 4 in2; pulse oximeter,
3 in.2 Not all items were present on each mobile BP
unit. Results were expressed as relative light unit
(RLU) values. The amount of ATP in the sample is directly proportional to the RLU value.6 Median RLU
values were calculated for each of the 5 sites sampled.
The proportion of surfaces that yielded ATP readings
less than the proposed cutoff value for classifying surfaces as clean (250 RLU) was calculated.6
In addition, during other unannounced visits, cultures of the same surfaces of the mobile BP units
were obtained. A swab moistened in brain heart
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infusion broth (BD Diagnostics, Sparks, MD) was used
to sample the defined area of each site and then directly inoculated onto trypticase soy agar II with 5%
sheep blood agar plates (BD Diagnostics), CHROMagar
MRSA (CMRSA) (BD Diagnostics) agar and campylobacter agar (BD Diagnostics). Plates were incubated in ambient air at 378C for 48 hours, and the CMRSA was
incubated in the dark. Aerobic colony counts (ACCs)
were determined, and growth of methicillin-resistant
Staphylococcus aureus (MRSA) and vancomycinresistant Enterococcus was recorded. Mauve colored
colonies growing on CMRSA were identified as MRSA
and confirmed as S aureus with a positive staphaurex
test. (Remel, Lenexa, KS). Median ACCs for each of
the 5 sites sampled were calculated. Differences in proportions were compared by use of the x2 test, and continuous data were compared using the Kruskal-Wallis
test. P values of ,.05 were considered significant.

RESULTS
Three hundred ATP readings were taken from 101
rolling BP units. The median RLU values for the 5 sites
sampled varied significantly, with the control buttons
having the lowest RLU value and the pulse oximeter
having the highest (P , .001). The range of ATP RLU
values was from 14 to 31,877 (Table 1). The proportion
of sites that yielded ATP readings of less than 250 RLUs
varied significantly; 44 (76%) of the control buttons, 17
(39%) of the thermometers, 22 (28%) of the blood pressure cuffs, 13 (24%) of the machine handles, and 14
(22%) of the pulse oximeters (P , .001). One hundred
cultures were obtained from 26 rolling BP units. The
median ACCs for the various items were calculated
(Table 2). Median ACCs ranged from 2 to 53, and total
ACCs varied significantly from 0 to too numerous to
count (P , .001). MRSA was recovered from 2 control
buttons, 1 thermometer, 1 blood pressure cuff, 1 machine handle, and 1 pulse oximeter. Vancomycinresistant Enterococcus was not recovered from any of
the sites sampled.

DISCUSSION
There is growing attention being focused on environmental surfaces within health care facilities to
reduce the incidence of health care-associated infections. Our hospital developed a multidisciplinary
team to develop cleaning and disinfection protocols
and to outline the division of labor across departmental
lines for specific tasks. Our previous study demonstrated that education and feedback, using a quantitative method to monitor performance, led to improved
disinfection by our housekeeping staff.3 We extended
this study to evaluate the thoroughness of disinfection
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Table 1. Adenosine triphosphate readings from 5 sites
sampled from 101 portable medical BP units and the
percentage of readings ,250 RLU value
Site sampled
Control buttons (n 5 58)
Thermometer (n 5 44)
Blood pressure cuff (n 5 79)
Machine handle (n 5 54)
Pulse oximeter (n 5 65)

Median RLU
value (range)

Percent ,250
RLU value

86 (14-1532)
346 (23-5340)
477 (42-31,877)
480 (42-31,877)
1208 (59-27,297)

76
39
24
24
22

BP, blood pressure; RLU, relative light unit.

Table 2. Aerobic colony counts for the 5 sites sampled
from 26 portable medical BP units
Site sample

Median ACC (range)

Control buttons (n 5 21)
Thermometer (n 5 16)
Blood pressure cuff (n 5 23)
Machine handle (n 5 19)
Pulse oximeter (n 5 21)

2 (0-226)
3 (0-22)
2 (0-TNTC)
5 (0-TNTC)
53 (0-TNTC)

ACC, aerobic colony counts; TNTC, too numerous too count.

performed by our nursing staff. ATP bioluminescence
assays and ACCs revealed that certain mobile medical
equipment are often contaminated with organic material, as reflected by ATP assays, and may be contaminated with aerobic bacteria, despite policies that
clearly delineated nursing staff as being responsible
for the disinfection of such items.
Our study has several limitations. Low-level disinfection with bleach solutions, at various concentrations, may have a quenching effect on the ATP
bioluminescence signal, resulting in an underestimated RLU value.7 However, our recorded RLU values,
even if quenched, were in the elevated range and revealed that items had not been sufficiently disinfected
between patient use. Also, this study was conducted in
a single hospital, and these data may not be representative of disinfection of similar equipment in other institutions. Additionally, each item on the rolling BP
unit was only sampled once by ATP assay and may
not accurately reflect the cleanliness of these instruments at other times during the day. Finally, ACCs
were established for only 100 surfaces, whereas 300
surfaces were assessed using the ATP assay method.
These findings suggest that periodic education of
nurses and monitoring of their disinfection practices
appears warranted. Further studies are needed to determine the significance of chemical quenching on
the bioluminescence signal by various disinfectants
and to establish the most appropriate RLU cutoff value
to define such equipment as ‘‘clean’’ when different
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detergent and disinfectant solutions are used. Likewise,
an agreed upon ACC value is needed to define when
environmental objects can be considered ‘‘clean’’ following surface disinfection.8
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