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Diagnostic assessment of different environmental cleaning monitoring methods
Laura Luick BS a, Paul A. Thompson PhD b, Mark H. Loock BS c, Sheree L. Vetter BS c, Joan Cook RN c,
Dubert M. Guerrero MD a, c, *
a

University of North Dakota School of Medicine and Health Sciences, Grand Forks, ND
Sanford Health, Sioux Falls, SD
c
Sanford Health North, Fargo, ND
b

Key Words:
Fluorescent dye
Environmental disinfection
ATP bioluminescence

In a simultaneous assessment of 250 environmental surfaces after terminal cleaning using aerobic
cultures as a gold standard, both ﬂuorescent marker and an adenosine triphosphate bioluminescence
assay system demonstrated better diagnosticity compared with subjective visual inspection. These
results support the use of these environmental monitoring systems in the health care setting.
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Patients with pathogens such as methicillin-resistant Staphylococcus aureus, Clostridium difﬁcile, vancomycin-resistant enterococci,
and resistant gram-negative organisms frequently contaminate
their nearby environmental surfaces. Contaminated environmental
surfaces can potentially contribute to transmission of pathogens by
serving as a source from which health care workers contaminate
their hands or gloves.1-4
The Centers for Disease Control and Prevention have recommended that hospitals ensure compliance by housekeeping staff
with cleaning and disinfecting procedures. However, it is not clear
what strategies are optimal for monitoring of cleaning, and it is
not speciﬁed how such monitoring should be performed.5 We
evaluated the diagnosticity of visual inspection, ﬂuorescent dye
marker, and an adenosine triphosphate (ATP)-based system. These
assays were compared with standard aerobic cultures. We conducted a study to test the hypothesis that the diagnosticity of the
ﬂuorescent dye or ATP-based monitoring systems is better than
visual inspection alone.
METHODS
During a 2-month period, we conducted a prospective survey
of a convenience sample of 50 patient rooms in a 580-bed
community teaching hospital. In each patient room, a ﬂuorescent
dye marker, Dazo (Ecolab, St. Paul, MN) was used to mark 5 high* Address correspondence to Dubert M. Guerrero, MD, Sanford Health, 801
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touch objects (HTOs) namely telephone, call button, bed rail,
table, and toilet rail before terminal cleaning. A surface is considered clean only with complete removal of the dye.
A 16-cm2 area was sampled with premoistened culture swabs
in each surface before cleaning, and the immediately adjacent
equivalent area was swabbed postcleaning. Culture swabs were
then directly plated on blood agar and incubated at 37 C for
48 hours, and aerobic colony counts were measured. Surfaces with
less than 2.5 colony-forming units/cm2 on aerobic culture were
considered clean.6
In a similar fashion, separate 16-cm2 areas were swabbed using
the Accupoint Healthcare (HC) system (Neogen, Lansing, MI) before
and after cleaning. A clean surface was deﬁned as having a reading
of less than 250 relative light units based on the ATP system.6,7
Simultaneous subjective visual inspection of the HTOs was performed by the same investigator before and after cleaning.
Pearson c2 and Fisher exact tests were used to compare the
proportions of surfaces classiﬁed clean based on the different
methods. Sensitivity, speciﬁcity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated using the
aerobic culture as the “gold standard test.” Data were analyzed with
the use of SAS v 9.3 (SAS Institute, Cary, NC).
RESULTS
A total of 250 surfaces were evaluated in 50 different patient
rooms before and after cleaning. Up to 214 (86%) of 250 surfaces
were without any visible contamination prior to cleaning. This
further increased to 232 (93%) after the cleaning process (visual
inspection; c2 ¼ 14.4, P < .001). If the same surfaces were evaluated
by ATP assay, there were 132 surfaces considered as clean prior to
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Table 1
Diagnostic assessment of different environmental monitoring methods namely
ﬂuorescent marker Dazo, adenosine triphosphate assay, and visual inspection using
aerobic culture as a “gold standard”

Overall
N ¼ 250
Baseline dirty
n ¼ 103

Test

Sensitivity (%)

Speciﬁcity (%)

PPV (%)

NPV (%)

Dazo
ATP
Visual
Dazo
ATP
Visual

68
78
95
75
76
94

50
38
9
40
35
10

90
90
9
84
83
81

19
20
23
28
26
29

ATP, adenosine triphosphate; NPV, negative predictive value; PPV, positive predictive value.

terminal cleaning (53%) but increased to 191 (76%) after cleaning
(c2 ¼ 27, P < .001). In a similar way, if based on aerobic culture, 148
(59%) were considered clean before and 218 (87%) after cleaning
(c2 ¼ 20, P < .001).
When compared with aerobic culture, visual inspection showed
a signiﬁcantly higher proportion of surfaces considered clean
before (c2 ¼ 20.0, P < .001) or after terminal cleaning (c2 ¼ 20.0,
P < .001). However, in comparison with aerobic culture, both ATP
assay (c2 ¼ 9.7, P < .002) and ﬂuorescent dye (c2 ¼ 17.0, P < .001)
had signiﬁcantly fewer surfaces considered clean after terminal
cleaning.
Speciﬁcity and sensitivity values were determined in comparison
with aerobic culture, which is designated as the “gold standard.”
Of 250 HTOs analyzed postcleaning, the sensitivity and speciﬁcity
of the different assays in predicting thoroughness of cleaning as
compared with aerobic culture are given in Table 1. Visual inspection
had the highest sensitivity and lowest speciﬁcity, and values for the
ﬂuorescent dye and ATP assays were more balanced. The ﬂuorescent
dye had better speciﬁcity, and ATP had better sensitivity.
If analysis is done on 103 surfaces not considered clean prior to
terminal cleaning to account for baseline contamination, values for
speciﬁcity and sensitivity are slightly different but are ordered the
same (Table 1).
DISCUSSION
There is increasing recognition in the contribution and role of
the environment in the transmission of hospital-acquired pathogens.1-4 Current guidelines recommend ensuring compliance
by housekeeping staff with cleaning and disinfection procedures.5
In this study, we demonstrated differences in sensitivity and speciﬁcity of monitoring procedures when compared with aerobic
cultures. We found that subjective and objective measures of
cleanliness based on visual inspection, ATP assay, or aerobic culture
were all able to demonstrate signiﬁcant increases in the proportion
of surfaces considered clean if analyzed before and after our routine
terminal cleaning protocol. However, if visual inspection was used
alone, a signiﬁcantly higher proportion of surfaces would already be
considered clean even before terminal cleaning. This is demonstrated by its very high sensitivity but very low speciﬁcity when
compared with aerobic culture. In comparison to the ATP assay
Accupoint HC (Neogen), the ﬂuorescent dye Dazo (Ecolab) had
similar diagnosticity. These data suggest that visual inspection alone
may be a poor indicator of thoroughness of cleaning because more
contaminated surfaces may be classiﬁed as clean. Utilizing methods
such as ﬂuorescent dye or ATP assay results in modest increase
in speciﬁcity despite decreases in sensitivity. Almost similar ﬁndings were found if data are analyzed to account for baseline cleanliness of surfaces.
Our ﬁndings add to the limited literature comparing different
methods of environmental monitoring systems in the health care

setting. Boyce et al7 compared the ﬂuorescent dye with both
aerobic culture and ATP. Overall, they found that HTOs classiﬁed as
clean by the ﬂuorescent dye were very frequently also considered
clean by aerobic culture criteria but less likely according to ATP
criteria. These ﬁndings were explained by the inability of ATP
assays to distinguish live organisms from any other organic material. They concluded that surfaces classiﬁed as clean based on
ﬂuorescent dye were less likely to be classiﬁed as clean based on
ATP and aerobic cultures. However, our ﬁndings showed that there
is essentially equivalent sensitivity and speciﬁcity of ATP when
compared with ﬂuorescent dye. The major difference in our study is
that we used the aerobic culture as a “gold standard” because it has
the most potential to be a measure for transmissibility of live
pathogens.
Our study illustrates that, if aerobic culture is used as a standard
to compare the diagnosticity of different environmental monitoring
methods, use of ﬂuorescent dyes or ATP assays are better than
simple subjective visual inspections. Although the correlation of
these commercially available tests to cultures are only moderate,
they may still be able to complement an institution’s infection
control practice if utilized with other measures such as environmental services education and adherence to terminal cleaning
policies.
Our study has several limitations. First, the study was conducted
in a single institution, and sample size is modest. We used a smaller
surface to evaluate for each assay because we were limited by the
surfaces of other HTOs with small surfaces such as telephones and
call buttons. Although the surfaces tested with ATP swabs and
culture swabs before cleaning and after cleaning were adjacent to
each other, it is also possible that different levels of contamination
can occur in different areas of the same HTO. We also used swab
cultures and direct plating for our aerobic culture because we found
this facilitates specimen sampling of nonﬂat surfaces such as
phones and call buttons. Finally, we used cut-off values of each test
based on prior studies,6-9 although there is limited data on the
clinically relevant cut-off values to reduce transmission of nosocomial pathogens.
In summary, we found that ﬂuorescent dye or ATP assays have
better diagnosticity compared with visual inspection alone. These
ﬁndings support the use of these commercially available products
in monitoring of thoroughness of cleaning in a health care setting.
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