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We compared cleaning rates associated with use of a white ultraviolet 
(UV) powder versus a transparent UV gel among units with various 
degrees of previous experience with UV powder. The study outcome 
was the presence of discordant cleaning (removal of powder without 
the removal of gel, or vice versa). We found higher frequency of 
discordance in high-experience units (31%) than in no-experience 
units (8%) (P<.001). In 92% of discordant findings, the powder 
was removed but not the gel {P< .001). These findings suggest pref
erential cleaning of visible UV targets among units with high levels 
of previous experience with powder. 
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During the past decade, several studies have highlighted the 
epidemiological importance of contamination of the hospital 
environment and its role as a reservoir for resistant organ
isms.1,2 Bacteria that have been particularly linked to the 
environment include Acinetobacter baumannii, Clostridium 
difficile, vancomycin-resistant enterococci, and methicillin-
resistant Staphylococcus aureus.1'6 Furthermore, improvement 
of environmental cleaning within hospital settings has been 
shown to decrease the number of acquisitions of these or
ganisms.5"9 

Tools that are used to improve environmental cleaning 
include feedback with ultraviolet (UV) markers and adeno
sine triphosphate measurements.10"14 Most of the literature 
dealing with UV markers describes the use of a gel, which 
was not commercially available until 2010.10~12 We recently 
described the use of an inexpensive UV powder for long-
term improvement of environmental cleaning.13 Certain units 
within our hospital, especially intensive care units, received 
feedback and were ranked depending on their performance; 
this feedback was based on the percentage of UV targets 
removed from the units. The Department of Infection Con
trol emailed these rankings—on a weekly basis—to all the 
hospital leadership and unit directors (nursing, medical, and 
environmental services). During the past few months, we had 
been concerned with the potential for experienced personnel 
to clean only the spots with the obvious white residue of the 
UV powder (evident in some cases to the naked eye; Figure 
1A). 

The aim of this study was to compare the cleaning rates 
obtained using a UV powder with rates obtained using a UV 

gel (transparent without UV light) among in-patient units 
with various degrees of previous experience with UV powder. 
We hypothesized that units with a high degree of previous 
powder exposure would have higher discrepancies between 
powder and gel readings. 

METHODS 

This study was performed at Jackson Memorial Hospital, a 
1,500-bed teaching institution affiliated with the University 
of Miami Miller School of Medicine. Our institutional review 
board approved this project as a nonhuman study. 

Two UV markers were tested: a white UV powder (Glit-
terbug; Brevis) and a transparent UV gel (DAZO; Ecolabs). 
Both markers were applied within 10 cm of each other (Figure 
1A) on objects within in-patient rooms. Surfaces tested in
cluded bed rails, footboards, headboards, bedside tables, re
mote controls, sinks, light switches, telephones, vital sign 
monitors, intravenous pumps, mechanical ventilator control 
panels, and cables. These targets (powder and gel) were 
checked at 48 hours using a UV lamp (Figure IB). As pre
viously described,101113 a target was considered cleaned if most 
of the marker was removed from the surface. We also doc
umented whether terminal cleaning occurred between the 
application and inspection of targets and whether the object 
marked was removed from the room. To minimize inter-
observer variability, all the applications and 48-hour obser
vations were performed by only one member of the Infection 
Control Department (Y. F.-A.). 

At our institution, environmental service personnel are em
ployees of the hospital and tend to remain fixed to their 
assigned in-patient units. Their unit supervisors—the envi
ronmental services Educator and their Director—have re
mained constant in the institution for over 2 years. In-patient 
units were selected on the basis of their prior experience to 
regular feedback with UV powder. All the intensive care units 
were considered high-experience units because they received 
weekly feedback for the majority of 2010. Mild-experience 
units were units with sporadic UV powder feedback (2 or 
fewer feedback sessions per quarter). Units labeled as no ex
perience were units that never had observations or feedback 
with UV powder. 

The results are reported as the frequency and percentage 
of discordant pairs (powder vs gel) and the frequency and 
percentage of discordant pairs where the powder was cleaned 
and the gel was not. For the purposes of this study, concordant 
pairs (both targets either cleaned or not) were not analyzed. 
A logistic regression was used to determine the significance 
of differences between the 3 exposure levels. Contrasts were 
used to compare pairs of exposure levels; significant differ
ences at the .05 level are noted in Table 1. P values are reported 
for a 1-sample test that the proportion of discordant pairs is 
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FIGURE i. Ultraviolet markers under regular light and ultraviolet light. A, Ultraviolet gel (DAZO) and ultraviolet powder (Glitterbug) 
under regular room light and (B) using an ultraviolet lamp. A black background was used to highlight the differences. Powder might be 
less evident on other background colors. 

.50. Tests with a significance level <.05 were considered to 
be statistically significant. Data were analyzed using SAS. 

RESULTS 

In total, 13 in-patient units were used for placement of mark
ers: high experience (5), mild experience (3), and no expe
rience (5). A total of 498 surfaces in 60 in-patient rooms were 
evaluated with both powder and gel (Figure 1). Only 3 of 
the 60 rooms observed underwent terminal cleaning between 
marker applications and inspections. Additionally, 3 of the 
498 objects were removed from the rooms before the 48-hour 
observations; these objects were removed from the analysis. 

Of the 495 objects left for analysis, 388 (78.3%) had con
cordant readings between powder and gel, and the remaining 
107 (21.6%) had discordant readings (disagreement between 
powder and gel; P< .001). Of all the discordant readings, 98 
(91.5%) had the powder removed and not the gel (P< 
.001). The remaining 9 (8.5%) discordant pairs had the gel 
removed but not the powder. Discordant results varied on 
the basis of the previous UV powder experience of the units. 
High-experience units had 69 (31%) discordant results, mild-
experience units had 27 (21%) discordant results, and no-
experience units had 11 (8%) discordant results (Table 1). 
There was a statistically significant difference between high-
experience and no-experience units (P< .001) and between 
mild-experience and no-experience units (P = .002). 

D I S C U S S I O N 

For the past 2 years, our institution has used UV powder on 
a regular basis to provide constant feedback on the degree of 
cleaning, especially in intensive care units.13 Even though the 
frequency of these observations decreased during 2011, we 
found that, among units with historically high UV powder 
experience, there was a preferential cleaning of the powder, 
which was seen to a significantly lesser extent in units with 
mild or no experience. These findings suggest that spot clean
ing of visible targets might have occurred. It is important to 

- mention that, in our institution, the daily cleaning of intra
venous pumps and mechanical ventilator control panels is 
the responsibility of nursing staff and respiratory therapists, 
respectively; cleaning of all remaining objects is the respon
sibility of environmental personnel. Nevertheless, due to the 
relatively small number of mechanical ventilators and intra
venous pumps evaluated in this study, we were unable to 
compare differences in outcomes between the latter and ob
jects cleaned by environmental personnel. 

In a recent editorial commentary, Rutala and Weber15 men
tioned (as a personal communication) a reduction of the 
percentage of cleaning following a modification of the lo
cation of UV targets. However, our study is the first one to 
our knowledge to formally describe the possibility of "gam
ing" of UV markers. On the basis of our previous findings, 
we concluded that the pressure placed by management on 
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TABLE i. Results of UV Powder versus Gel Cleaning by the Degree of Powder Experience 

Item 

Bed rails' 

Headboards'1 

Footboards'" 

Bedside tables4' 

Remote control 

Sink 

Light switchd 

Telephone 

Vital monitor ' 

Intravenous 

pump 

Mechanical 

ventilator 

Cables 

Overall4' 

No. of 

observations 

27 

27 

27 

27 

12 

6 

12 

3 

24 

23 

14 

21 

223 

High experience 

Discordant, 

no. (%) 

12 (44) 

4 ( 1 5 ) 

9 (33) 

9 (33) 

2 (17) 

2 (33) 

2 (17) 

1 (33) 
7 (29) 

13 (57) 

7 (50) 

1 (5 ) 
69 (31) 

UV 

powder 

cleaned,8 

no. (%) 

12 (100) 

3 ( 7 5 ) 

8 (89) 

9 (100) 

2 (100) 

2 (100) 

2 (100) 

0 

7 (100) 

12 (92) 

6 (86) 

1 (100) 

64 (93) 

P" 

.096 

<.001 

<.001 

<.001 

.004 

.06 

.001 

1.000 

<.001 

.508 

.715 

<.001 

<.001 

No. of 

observations 

15 

15 

15 

15 

15 

7 

15 

0 

3 

12 

3 

12 

127 

Mild experience 

Discordant, 

no. (%) 

4 (27 ) 

2 ( 1 3 ) 

3 (20) 

3 (20) 

3 (20) 

3 (43) 

0 

0 

2 (67) 

4 (33 ) 

3 (100) 

0 

27 (21) 

UV 

powder 

cleaned,1 

no. (%) 

3(75) 

2 (100) 

3 (100) 

3 (100) 

3 (100) 

3 (100) 

0 

0 

2 (100) 

4 (100) 

3 (100) 

0 

26 (96) 

i* 

<.001 

<.001 

<.001 

<.001 

<.001 

.306 

.258 

.090 

<.001 

No. of 

observations 

18 

18 

18 

18 

18 

0 

18 

0 

12 

10 

0 

15 

145 

No experience 

Discordant, 

no. (%) 

0 

4 ( 2 2 ) 

1 (6) 

1 (6) 
0 

0 

1(6) 
0 

0 

4 (40) 

0 

0 

11(8) 

UV 

powder 

cleaned,* 

no. (%) 

0 

3 (75) 

0 ( 0 ) 

1 (100) 

0 

0 

1(100) 

0 

0 

3(75) 

0 

0 

8 (73) 

P" 

<.001 

<.001 

<.001 

<.001 

.207 

<.001 

" UV powder removed and gel not removed. 
b The P value is for a test that the proportion of discordance is significantly different from zero. 

' High vs mild significance at P < .05. 
d Mild vs none significant at P < .05. 
e High vs none significant at P < .05. 
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environmental service personnel made them improve their 
cleaning process and efficacy;13 nevertheless, we now show 
that this same pressure might have also caused an inadvertent 
outcome (spot cleaning). Furthermore, in some intensive care 
units, the environmental service supervisors obtained UV 
lamps to make their own room audits on a regular basis. 

We should keep in mind that the final goal of these en
vironmental cleaning surveillances is not to achieve better 
numbers but rather to ensure that all of our patients get what 
they deserve: a hospital environment that is clean and safe. 
We should continue to look into other effective and affordable 
ways to guarantee this safe environment by doing additional 
research into other options (eg, environmental cultures, au
tomated room disinfection, and measuring biological mark
ers) to ensure this outcome in the long term. 
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