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Abstract

To evaluate the validity and reliability of adenosine triphosphate (ATP) monitoring as a surrogate marker for cleanliness, the

kitchen table surface in 225 inner-city homes was sampled by microbiologic culture and by two types of biomass monitoring systems

(HY-LiTEt 2 ATP System and HY-RiSE Colour Hygiene Test Strip, EM Science, Gibbstown, New Jersey, USA). A randomly

selected hand of the homemaker (n ¼ 225) was also cultured and sampled with the ATP monitoring system immediately after

handwashing. Log microbial counts on hands ranged from 3.2 to 7.0 and from the table, 1.0 to 5.5. While the traditional ATP

readings (HY-LiTE) and the color strips were significantly correlated (R ¼ 0:18; P ¼ 0:01), there was no significant correlation
between the ATP monitor readings and the colony-forming units counts on either the hands (R ¼ �0:03; P ¼ 0:62) or the table
(R ¼ 0:04; P ¼ 0:58). Such biomass measurements are not a substitute for quantitation of microbial load.
r 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The inanimate environments of homes and health-
care facilities harbor niches which support the growth of
large numbers of micro-organisms. While household
and outpatient transmission of a variety of infectious
diseases has been demonstrated, particularly for diseases
spread by the fecal–oral and respiratory routes, there are
few data which link specific levels of ambient microbial
contamination with increased risk of disease transmis-
sion. Further elucidation of any relationship between
environmental microbial contamination and risk of
infectious disease transmission is vital to planning
effective prevention and control strategies. One of the
challenges to developing such strategies is the practical

and economic constraints, which prevent researchers
from obtaining microbial data in a timely fashion and
linking that to home hygiene practices.
Recently, a group of investigators used a rapid system

to measure adenosine triphosphate (ATP) by means of
bioluminescence (HY-LiTEt, EM Science, Gibbstown,
New Jersey, USA) as a surrogate marker to assess the
quality of handwashing in a 1200-bed teaching hospital
(Lodola et al., 1999; Marena et al., 2002). This system
employs ATP bioluminescence as a rapid indicator of
levels of biologic material present on surfaces or in
liquids. It is currently used extensively in the food
service industry as an indicator of the bioload on
surfaces and in foods.
In a previous preliminary study conducted by this

investigative team under controlled laboratory condi-
tions using 60 repetitive tests with Staphylococcus aureus

and Salmonella choleraesuis, we found significant
correlations between bacterial counts and ATP readings
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(Larson et al., 2001), which led us to pursue the
application of this technology in a community setting.
Therefore, the aim of this study was to evaluate the
validity and reliability of using a rapid ATP monitoring
system as a surrogate marker for levels of cleanliness on
an environmental surface and on hands in the home.
Specific objectives of the study were to examine the
correlation between microbial counts and ATP mea-
surements on hands and an environmental surface, and
to assess the potential application of ATP technology as
an indicator of the effectiveness of standard cleaning
procedures for hands and environmental surfaces.

2. Materials and methods

2.1. Setting and scope

The study was conducted in an upper Manhattan
neighborhood comprised primarily of multiple dwelling
apartment complexes. The neighborhood was selected
by convenience as part of a larger clinical trial to
examine the role of home hygiene practices on the
incidence of infectious disease symptoms because it is
densely populated with many households including
several generations, often with young children, living
in close proximity. Participants were recruited by
posters, brochures and word-of-mouth in local pediatric
clinics, community centers, churches, and posters placed
on local bulletin boards. To qualify for the study,
households had to include at least three individuals, at
least one being a preschool child, had to be conversant in
either Spanish or English, and willing to allow the
research staff to make a home visit. Initially, 238
households were enrolled, and 225 households were
available for the ATP testing and microbiologic sampling.

2.2. ATP measurement

ATP measurement has been used as an indicator of
hygiene, i.e. the absence of filth, which might include
bacteria, other microbes, dirt, feces, food, etc. Biolumi-
nescence is a biologic reaction that produces light, as in
fireflies. When ATP and luciferin/luciferase enzyme
complex combine, a reaction which produces light
occurs. The quantity of light is expressed in relative
light units (RLU), which directly correlates with the
amount of ATP present and thus with the level of
biologic load on the sampled area (Deshpande, 2001).
Two sites were tested—the eating surface of the

household’s kitchen table and the hand of the home-
maker. Two monitoring systems were used to obtain
biomass readings from the table: HY-LiTEt 2 ATP
System and HY-RiSE Colour Hygiene Test Strip, EM
Science, Gibbstown, New Jersey, USA). The former
entails sampling a 4� 4 cm2 surface area with a

sampling pen and entering the data into a data logger.
‘‘Pass’’ rates and ‘‘fail’’ rates have typically been set in
the food service industry for foods (ranging from 30 to
500 RLU). The Test Strip measures NAD/NADH+ and
NADP/NADPH+ with a simplified procedure in which
the sampling strip is placed on a test surface and
reagents are then applied which result in a yellow-to-
purple reaction visually rated on a scale of 0–6. The two
different measurement devices both measure energy
transport molecules in the respiratory chain in all living
organisms. For the hands, only the ATP monitoring
system, but not the strips, were used.
Samples were obtained by one of four trained data

collectors. A consultant from the manufacturer of the
ATP bioluminescence monitor (Merck Chemicals Ltd.,
UK) made two 2-day site visits to train staff. This
training included return demonstrations and on-site
home visits to assure that each data collector was
proficient in the techniques. The table sample was
obtained with a specially supplied swab according to the
instruction manual from the manufacturer. Results were
printed out and entered into the machine’s database
automatically. Samples from the hands were obtained
by dipping another swab supplied by the manufacturer
into the sampling solution used to obtain the micro-
biologic hand culture, and the ATP reading was
obtained, read, and recorded in the same manner as
the environmental sample.

2.3. Hand culture technique

Hand cultures were obtained during a home visit
immediately after handwashing. Participants were asked
to wash their hands in their usual manner and then dry
them with a clean paper towel. The hand to be cultured
(right or left) was randomly selected by the data
collector by flipping a coin. A modified glove-juice
technique was used whereby the subject inserted the
hand into a sterile polyethylene bag containing 50ml of
sampling solution (0.075m phosphate buffer, pH 7.9).
This solution disperses the macrocolonies into single
cells for quantitation. The entire hand was massaged
through the wall of the bag for 1min. Samples from the
kitchen table were obtained with a rayon-tipped swab
(Culturette Systems, Baxter Healthcare Corporation,
Deerfield, Illinois, USA) moistened with transport
medium. Data collectors swabbed a surface on the table
immediately adjacent to the location of the ATP
measurement, using a 4� 4 in (10.2 cm) template, rotat-
ing the swab with pencil eraser-type pressure for 1min.
As with the ATP measurement protocol, data

collectors were trained in the microbiologic sampling
techniques and demonstrated competence and consis-
tency in the presence of the coinvestigators before
obtaining samples. The hand and table samples for
microbiologic culture were obtained during the same
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home visit, and were transported to the laboratory and
processed within a few hours of sampling.
Samples were diluted 10 fold, up to 10�3, and spread

plated onto sheep blood agar (5%), MacConkey,
colistin-nalidixic acid, and Sabouraud’s with chloram-
phenicol and gentamicin and bile esculin (Becton
Dickinson Microbiology Systems, Sparks, Maryland,
USA), incubated at 35�C and observed daily for growth
over 48 h for bacteria and up to 7 days for yeast. Total
counts were calculated from the blood agar plates.

2.4. Procedures

The study was approved by the New York Presbyter-
ian Medical Center Institutional Review Board, and
each participant signed a written consent document.
Samples were obtained by the trained interviewers
during a single home visit of about 1 h in duration.
For quality control, the study’s Project Director made
random site visits on 10% of the home visits with each
data collector to assure consistency and accuracy in data
collection procedures.

2.5. Data analysis

Counts of colony-forming units (cfu) and RLU are
not normally distributed, and were therefore converted
to log10 to normalize the data for analyses. The Pearson
(for HY-LiTE, which is continuous data) or Spearman
(for Test Strip, which is ordinal data) correlation
coefficients were calculated to compare readings and
cfu for each paired test for the hands and the table
surfaces. A one-way analysis of variance was used to
compare mean differences in cfu counts with the Color
Test Strip readings on the table. To determine the
correlation between cfu and RLU at various levels of
contamination, both ATP and cfu readings were divided
into quartiles (lowest 25%, 26th–50th percentile, 51–
75th percentile, highest 25%), and the quartiles com-
pared using w2 analyses. Bland and Altman (1986) have
suggested that correlation coefficients may not be the
best indicator of agreement for comparing a new
measurement technique with an established one. They
suggested that the precision of the estimate could be
improved by plotting the differences between the two
measures against the mean of the two measures, so we

therefore followed this procedure as well. Finally,
because the limits of detection of microbial growth in
some ATP monitoring systems has been reported to be
about 104 cfu/100 cm2 (Corbitt et al., 2000; Davidson
et al., 1999), correlational analyses were repeated for
only those table and hand samples with microbial
counts >104.

3. Results

Microbial data were available from 225 hand and 219
table samples; ATP readings were available for 221
hands and tables. Log microbial counts on hands ranged
from 3.2 to 7.0 and from the table, 1.0 to 5.5. Log ATP
readings on hands ranged from 0.7 to 4.9 (5–76 000)
RLU and from table, 0.8 to 4.6 (15–44 000) RLU. Color
strip readings on the table ranged from 0 to 3. While the
traditional ATP readings (HY-LiTE) and the color
strips were significantly correlated (R ¼ 0:16; P ¼ 0:03),
there was no significant correlation between the ATP
monitor readings and the cfu counts on either the hands
(R ¼ 0:09; P ¼ 0:17) or the table (R ¼ 0:05; P ¼ 0:45),
see Table 1. There was no significant correlation
between hand or table cfu and ATP counts when they
were divided into four quartiles (P ¼ 0:82 and 0.32,
respectively), nor were there significant differences in
mean cfu counts by color strip reading (P ¼ 0:75).
Plotting the differences against the means of the RLU
and cfu did not improve the correlations, since the
Bland and Altman (1986) analysis showed the bias
between RLU and cfu was 2.28 logs and the limits of
agreement ranged from 0.035 (95% confidence limits
(CL): �3.6, 4.27) and 4.23 (95% CL: 0.29–8.16).
Limiting the analysis to only those samples with counts
>104 also did not improve the correlation.

4. Discussion

ATP abounds in most biological niches including
body secretions, food, etc., and ATP levels have been
shown in some studies to correlate well with levels of
hygiene. Nevertheless, in this series of tests there was no
correlation with either method of biomass measurement
and the microbial counts on hands or tables. Murphy
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Table 1

Microbiologic and ATP results from kitchen table (n ¼ 219) and hands (n ¼ 225)

Sampling site Mean log cfu (7s.d.) Mean log ATP reading in

relative light units (monitor)

Mean reading (strip) range:

0–6

Correlation coefficient

(P value)*

Table 2.97 (1.00) 2.61 (0.75) 2.22 (0.85) 0.05 (p ¼ 0:45)
Hand 4.90 (0.64) 2.63 (0.79) Not performed 0.09 (p ¼ 0:17)

*Pearson’s correlation between log cfu and monitored ATP counts.
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et al. (1998), for example, compared ATP monitoring
with swabbed contact samples of surfaces in four milk
plants and reported a reasonable correlation between
low, medium, and high microbial counts and ATP
readings. In >300 samples from poultry carcasses, the
correlation coefficient between ATP tests and micro-
biology was 0.82 (Siragusa et al., 1996). Griffith et al.
(2000) used both microbiological and ATP biolumines-
cence to evaluate hospital cleaning regimens. Although
they did not report correlation coefficients between the
two, ATP and microbial counts were both highest in the
kitchen samples, but there was considerable variation in
both. Some studies have simply reported RLU counts as
a measure of hygiene, but have not provided data
regarding sensitivity, specificity or reproducibility of
their findings (Nijskens and Baakman, 2001).
There may be several reasons why we failed to find a

correlation between RLU and cfu in this study. One
limitation of ATP bioluminescence measurement is that
it detects ATP generically and cannot differentiate the
source. Although some progress has been made to
segregate microbial from non-microbial ATP, ATP
from viable microbes cannot be distinguished from
ATP from dead microbes or higher organisms. Trials in
meat processing and production plants have shown this
monitor to be more sensitive and reliable for tracking
surface contamination than microbial sampling (deZut-
ter et al., 1998), since the monitor quantitates surface
ATP rather than microbial growth per se. For example,
ATP monitoring has been shown to be particularly
useful in detecting the presence of saliva on dental
equipment (Douglas and Rothwell, 1991), and the
presence of suspended solids in sludge interferes with
bioluminescence tests (Chu et al., 2001). Thus, the
presence of any ATP will increase the RLU levels,
regardless of the microbial count. Clearly, on surfaces in
the home environment and on hands, ATP is present
from sources other than microbes.
A second reason why ATP readings and microbial

counts might not correlate is that the limits of detection
of microbial growth in some ATP monitoring systems
has been reported to be about 104 cfu/100 cm2 (Corbitt
et al., 2000; Davidson et al., 1999). This was not the case
in this study, however, because microbial counts were
generally higher than the detectable limit, and since
limiting the analysis to only those samples with counts
>104 did not improve the correlation.
Studies have often reported considerable variation in

both ATP readings and cfu counts (Griffith et al., 2000).
Whereas some have reported less variability with ATP
monitoring (Davidson et al., 1999), Tebbutt (1999)
concluded that since ATP monitoring demonstrated
such large variability it could not accurately predict the
level of bacterial contamination on cutting boards.
Marena et al. (2002) reported a significant correlation

between ATP readings and cfu on hands, also using the

HY-LiTE machine (r ¼ 0:68; Po0:001). Even with this
high correlation, however, about one-third of ATP/cfu
pairs were not concordant for assessing ‘‘clean’’ or
‘‘dirty’’ sites, as defined by cutoffs set by the authors. In
their study, both the ATP and the cfu measurements
were obtained by swabbing the surface of the hand
rather than using the glove-juice technique and the ATP
sampling protocol recommended by the manufacturers.
Certainly, findings will vary, depending upon data
collection procedures, but since we used well-established
methods for data collection, this difference probably
does not explain our lack of correlation.
Finally, it is possible that ATP bioluminescence

monitoring should not be used as a predictor of
microbial contamination as some have claimed. Poulis
et al. (1993) noted that there was a poor relationship
between ATP readings and conventional microbiologi-
cal culture methods in samples from food processing
facilities. Colquhoun et al. (1998) compared three
different ATP hygiene monitoring systems and found
that they differed considerably in sensitivity and
reproducibility.
In summary, ATP monitoring has been widely used,

particularly in the food service industry, as a rapid
screening method for measuring gross, general levels of
cleanliness, i.e. the presence of organic matter, but it is
not a reliable substitute for culturing in situations in
which a measurement of microbial contamination is
needed nor for correlating risk of infectious disease
transmission. ATP bioluminescence should not be used
as a substitute for quantitation of microbial load.
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