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Moving Forward with ATP Testing for Cleanliness
Monitoring and Hygiene Standard Setting

Introduction

( j leaning hasaproblem. Currently,
there is no scientific monitoring
method that provides timely

and reliable assurance that the cleaning

process has been effective. We cannot
easily demonstrate that the cleaning
process has removed unwanted soils
including harmful microbes. A reliable
indicator for cleanliness monitoring,

that can provide assurance that a

cleaning process is effective and leaves

the environment in a more hygienic
condition following cleaning than was
present prior to cleaning, is needed.

This problem is important in contract
professional cleaning, school cleaning,
and hospital or healthcare cleaning. In
cleaning within healthcare settings, the
risks of failure can be very high: Failure
to remove multi-resistant organisms
(MRO) can result in patient disease, dis-
ability or death.

In school cleaning the failure of
cleaning processes increases the risks
of disease transmission among the
school-age population through microor-
ganisms remaining on surfaces, includ-
ing bathroom fixtures, school desks,
and canteen surfaces such as tables
and counters. Survival of these oppor-
tunistic and pathogenic microbes on
frequently touched surfaces can exac-
erbate outbreaks of infectious illnesses
such as influenza, gastro-intestinal ill-
nesses (e.g., norovirus), and even school
sores involving Methicillin-resistant
Staphylococcus aureus (MRSA). We
need better quality assurance over
school cleaning to have a real impact on
improving children’s health at school.

In contract professional cleaning appli-
cations, the risks of cross infection via
surfaces is lower because adult hygiene
standards are frequently higher, and
person-to-person contact is less intimate.
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Restroom habits usually include adults
who wash their hands after attending to
their toilet needs. But the risks of micro-
bial survival on uncleaned surfaces in the
case of infectious viruses highlights the
need to have a reliable cleanliness indi-
cator even in professional settings.

Indicators of hygienic conditions

We all use hygiene indicators every
day. We are biologically equipped with
sensory indicators that are conditioned
by our social upbringing and our genet-
ics. The normal sensory indicators of
hygiene include smell, sight, taste,
touch and even hearing. Most people
will know the smell of a dead body even
if they have never before encountered
that sensory indicator. And these sen-
sory indicators can trigger our most pri-
meval responses of fight or flight. But
the inherent and biological senses have
clearly defined limitations and cannot
always perceive the imperceptible risks
that only a scientifically valid indicator
will detect. For example, none of us can
actually see microorganisms, so we rely
on good quality science.

Scientifically validated indicators
of hygienic or unhygienic conditions
have been used for many decades. The
most commonly used indicator in water
management is the presence or absence
of fecal coliform bacteria, including
Escherichia coli (E. coli). Many bacte-
ria and viruses can spread by contami-
nated drinking water, and E. coli is used
to indicate that the water may have been
contaminated by sewage.

E. coli is a terrific hygiene indicator
because it is always present in sewage
in large numbers (trillions of E. coli
per gram of feces). A small amount of
sewage can be diluted a tremendous
volume and yet E. coli will still be
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identifiable. E. coli is present in large
numbers but without generally caus-
ing disease, whereas other members of
the Enterobacteriaceae family such as
Salmonella species, Serratia species,
Klebsiella species, Proteus species and
even Yersinia pestis (bubonic plague),
are all gram negative bacteria within the
same ‘family’ which can cause human
disease, and they can all spread via a
fecal-oral route in contaminated water.

Many other pathogenic microbes
can be found within sewage, including
viruses. While some of these “bugs”
are also hard to find, the E. coli which
is universally present in animal sewage
will be indicative that sewage may have
entered the water. So looking for E. coli
is a great way to determine if these other
pathogens could also be in the water,
and E. coli remains a potent indicator of
cleanliness.

Similarly, we need a highly sensi-
tive and scientifically valid approach
to cleaning monitoring that can reliably
indicate the cleanliness standard.

There are three existing methods
which are used to indicate the outcome
from a cleaning process. The most
common is visual inspection. While
visual inspection is quick and easy, it is
not overly scientific. It cannot determine
whether the required cleaning process
occurred or the time since it was com-
pleted. Also, it does not correlate with
actual surface cleanliness measurements
using microbiological methods.

A second common method of clean-
ing monitoring is to monitor the time-
liness of the cleaning practitioners.
Where are the cleaning staff and what
are they doing? Were the correct amount
of cleaning staff present on the job? Are
you paying for cleaning that is not being
done because the cleaning staff are not
even present on the job?

The third existing method of cleaning
monitoring is environmental microbiol-
ogy (EM). This method takes a long time
for results, is expensive, and has sam-
pling difficulties. Interpreting the results
requires significant skills, normally way
beyond the experience and capacity of
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Currently, no scientific monitoring
method provides timely and reliable
assurance that cleaning, including
removal of harmful microbes, has been
effective. A reliable indicator for cleani-
ness monitoring is needed.

Three existing methods are used to
indicate the outcome from a cleaning
process: visual inspection, monitoring of
the timeliness of cleaning practitioners,
and environmental microbiology (EM).
None can provide reliable and timely
assurance of cleaning effectiveness.

In 2000, a paper was published on
using a newly developed and rapid
test for adenosine triphosphate (ATP).
The paper compared using “rapid” ATP
testing with visual inspection and EM.
It demonstrated that ATP testing might
be used as an indicator of surface
cleanliness within hospitals to combat
the growing problem of multi-resistant
organisms.

ATP testing is potentially a good
indicator for cleanliness measurements
because nearly all living cellular life
forms use ATP within their cells to
liberate energy. ATP is present in both
animal and plant cells, and can indicate
the presence of human, food and
bacterial residues (cells). Because ATP is
present within all cells, it is an indicator
of any celis which may be contaminating
a surface, whether harmful or not.

More than 100 scientific papers
have examined using ATP testing as an
indicator for cleanliness. The results
have not been uniform. Some have been
critical of overstated benefits from ATP
testing.

The way ATP testing works is that
a small preprepared sterile swab is
uncapped and wiped across the surface
or item to be tested. Once the sample
is taken, the swab is recapped and the
reagent contained within the other part
of the swab is released. This is placed
into the ATP testing device. The reagent
reacts with the ATP and gives off a small
amount of light when the enzyme reaction

occurs. In theory, the light measurement
is proportional to the amount of ceilular
soiling present on the swabbed surface,
but there are limitations.

The idiosyncratic scaling used by
each branded ATP device results in
none of them displaying any level of
interoperability and reading conformity.
As the underlying algorithm for each
device is unique, it is not possible even
to calibrate one device against another.

With  respect to  instrument
performance, the reading variability is
unacceptably high. In a study, all of the
ATP devices displayed a Cv above 0.4.
Most laboratory and reliable scientific
instruments would be expected to have
a normalised Cv of less than 0.01 (forty
times lower).

A recent study looked at the risk
assurance implications from using ATP
testing for hygiene monitoring using a
risk assessment tool known as Failure
Mode Effects Analysis (FMEA). The FMEA
methodology was used to assess each
of the three major cleaning monitoring
methods (visual inspection, surface
microbiology, ATP testing) and also
included a new and fourth method using
Fluorescent Marker technology (FM).

The findings indicated that by
combining the four cleanliness
monitoring methods into a single
integrated monitoring process, the
strengths of each could be used to
mitigate the weaknesses of each. This
new approach of integrating cleanliness
monitoring is a significant advance.
ATP testing, despite imprecision and
scaling difficulties, can be included in an
integrated monitoring process.

To overcome the problem of device
imprecision, a revised approach to
sampling is needed. It must make use
of duplicate and up to quadruplicate
sampling to ensure that imprecision
does not mislead or corrupt the resuits.
Several studies are underway to
normalise sampling approaches so that
system variances can be minimized.
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your average cleaning contractor or envi-
ronmental services manager.

ATP testing as a cleanliness
indicator in the scientific literature

In 2000, a scientific paper was published
in the English publication Journal of
Hospital Infection on using a newly
developed and rapid test for adenosine
triphosphate (ATP). The paper compared
using “rapid” ATP testing with visual
inspection and environmental microbiol-
ogy (EM). The study by Professor Chris
Griffiths demonstrated that ATP testing
might be used as an indicator of surface
cleanliness within hospitals to combat
the growing problem of multi-resistant
organisms (MRO) spreading within
healthcare settings.! The spread of these
MRO is via infected patients, contami-
nated surfaces, and unwashed hands.
This is a powerful motivator for finding
a better, more timely cleanliness indica-
tor than just visual inspection or EM.

ATP testing is potentially a good
indicator for cleanliness measurements
because nearly all living cellular life
forms use ATP within their cells to lib-
erate energy. Importantly, ATP is present
in both animal and plant cells, and so can
indicate the presence of human residues
(cells), food residues and, importantly,
bacterial cells. Because ATP is present
within all cells, it is an indicator of any
cells which may be contaminating a sur-
face or item, whether harmful or not.

There have been more than 100
scientific papers published looking
at using ATP testing as an indicator
for cleanliness. The results of the
various studies have not been uniform
(i.e., the results are not always clear-
cut in favour of ATP testing). Some
authors, such as Dr. Danish Malik from
Loughborough University in the United
Kingdom, have been frequent critics of
the overstatement of benefits from ATP
testing.? As discussed below, in many
cases his criticisms have merit.

The ATP Testing Process

The way ATP testing works is that
a small preprepared sterile swab is
uncapped and wiped across the surface

or item to be tested. Usually the swab
is wiped around 2c¢cm x 5cm = 10cm?
(#a inch x 2 inches = 1% square inches),
although some studies have used larger
areas for analysis. Using a consistent
sample size of say 1% square inches is
a consistent measurement and can be
applied to a wide array of surfaces and
objects.

Once the sample is taken, the swab is
recapped (without touching any other
object or surface, or your fingers), and
the reagent contained within the other
part of the swab is released onto the
swab. This is mixed for several seconds
and the swab is placed into the ATP
testing device. The reagent in the swab
reacts with the ATP and gives off a small
amount of light which is produced when
the enzyme reaction occurs. The amount
of light given off during the reaction is
proportional to the amount of ATP pres-
ent; so in theory the light measurement
is proportional to the amount of cellular
soiling present on the swabbed surface.

The reaction uses a natural enzyme,
which is named “luciferase” or the dev-
ilI’s enzyme. This is the same enzyme
which is generated and used by the fire-
fly to glow in the dark, and the reaction
is sometimes referred to as the firefly
reaction (reaction is ATP + luciferase =
light). This light response is expressed
in a scale known as relative light units
(RLU). The reading scale for ATP test-
ing devices is known as the RLU scale.
The reading is usually displayed within
10—15 seconds of insertion of the swab
into the ATP testing device.

There are limitations on the propor-
tionality of the light detected and the
amount of soil present.

First, the ATP must be liberated from
inside the cells, so a lysis agent must
also be used to burst open the cells, lib-
erate the ATP and allow the reaction.
Unfortunately, the lysis agents vary
from brand to brand of ATP device,
and often the lysis agents will be good
with some cells but not all cells. This
also affects the liberation of ATP, so the
amount of liberated celtular ATP is not
always consistent in volume, and the
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RLU level is more likely to be under-
stated than overstated.

Second, the amount of ATP may vary
from cell to cell depending on the life-
cycle of the various cells. Therefore,
not every bacteria, nor any two other-
wise identical cells of any description,
will contain the same amount of ATP,
and the volume of ATP present in any
cell will vary across the life of that cell.
Consequently, the assumption of uni-
form proportionality of ATP presence is
not certain.

Third, the amount of ATP required
to provide enough light for detection is
quite small, but the light detection sys-
tems in the hand held ATP devices vary
by brand. Some brands use a photo-
multiplier to enhance the light detection,
while other brands use a photo diode
array to detect the light produced during
the firefly reaction. This means different
devices will produce a different RLU
number from the light reaction and the
RLU number displayed will differ from
brand to brand.

Findings on ATP Testing-Device
Validation

My PhD thesis is titled, “A study into
the validation of ATP testing for inte-
grated cleanliness monitoring within
healthcare settings,” and the work con-
sisted in a sequential series of validation
studies looking at several commercially
available brands of ATP testing devices.
(I have no connection at all with any
ATP testing device manufacturer or sup-
plier, other than to purchase and test
their products.)

This paper outlines the validation
findings of several commercially avail-
able ATP testing devices intended to
provide a surrogate and quantitative
estimate of surface cleanliness based
on the ATP measurements. The find-
ings indicate that despite problems
with scaling and imprecision, ATP test-
ing devices do provide immediacy in
readings. The immediacy of response
enables the incorporation of ATP testing
into an improved and integrated clean-
liness monitoring process for various
applications.
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ATP testing potentially provides a
monitoring approach that can quickly
assess a standard of cleanliness of
healthcare surfaces. Industry insiders
and advocates strongly position ATP
testing as a quantitative measurement
that resolves the technology gap with
cleaning monitoring.’

My first major published work was on
the dynamic range and limits of quanti-
tation at both ends of the dynamic range
for three brands of commercially avail-
able ATP testing devices.

This first paper in the journal
Healthcare  Infection, from 2012,
describes the series of studies on the
three ATP testing devices including the
dynamic range, upper and lower limits
of detection, linearity of response, and
the precision of response of each ATP
device.* A study into the accuracy of
response would normally be included
in validation studies, but could not be
conducted due to the idiosyncratic scal-
ing used by each branded ATP device.
Without a standardized reading scale for
ATP measurement, it is not possible to
truly calibrate any of the devices. Any
attempt at calibration is limited to the
relative scaling applied through RLUs.

A novel method of direct application
of pure ATP was developed to establish
device validation without interfering with
the individual dose responses of each
commercial device. The findings of this
paper indicate the key features of each
ATP device against the core validation
criteria. The results of the dynamic range
findings are reproduced in Figure 1.

The range finding data shown in
Figure 1 demonstrates a flattened curve
for two of the units at the low end of the
dynamic range (3M and Kikkoman —
blue line and orange line respectively).
The data for Hygiena (green line) shows
greater reliability at the lowest end of
the dynamic range. All three units trail
off to a flat line at the upper end of the
dynamic range.

As can also be seen from Figure 1,
none of the three ATP testing devices
read the same ATP level on the same
RLU scale {every ATP testing device
uses a difference RLU algorithm). This
means, for example, that for a reading
against 0.001mg/L of pure ATP, the 3M
device would indicate 435 RLU, the
Kikkoman device would indicate 65
RLU, and the Hygiena device would
indicate 23 RLU. So for the single
concentration reading of 107mg/L,
the reading for the devices shown is

Dynamic Range for ATP testing devices
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Figure 1: The dynamic range of three brands of ATP testing devices
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435=65=23 RLU. None of the devices
display any level of interoperability and
reading conformity. As the underlying
algorithm for each device is unique, it is
not possible even to calibrate one device
against another.

Finally, with respect to instrument
performance, the strangely flat read-
ings for 3M and Kikkoman at the lower
end of the dynamic range indicate that
the limit of detection and limit of quan-
titation are separate ranges; i.e., the
instrument is not reliable below the
lower limit of quantitation. Thus when
using the 3M or Kikkoman ATP testing
devices, any RLU reading less than 100
RLU will be imprecise (unreliable) and
cannot be used for a quantitative esti-
mation of surface cleanliness at the low
end of detection (the level of detection
is lower than the lower level of quan-
titation). Therefore, a practical zero for
those devices should be set at 100 RLU.

My second major publication demon-
strated that the reading variability from
these commercial ATP testing devices,
even using purified ATP (not bacteria)
was unacceptably high.® We used a
measurement known as the coefficient
of variance (Cv), a standard statistical
measurement of system variance. In
fact, Cv is the inverse of the signal-to-
noise ratio used in standard engineering
systems development. The Cv results
for the branded ATP testing devices are
shown in Figure 2 (next page).

This second paper applied the find-
ings from the first study and using the
Cv, presented graphical information on
the uncontrolled variability of the ATP
devices shown in Figure 2. The mea-
surement of Cv is obtained by dividing
the mean into the standard deviation for
each data set and allows discontinuous
data sets to be normalized for compara-
tive purposes. The results from this short
study demonstrated that even when tested
using pure ATP, all of the ATP devices
displayed a Cv above 0.4. This finding
was surprising because most laboratory
and reliable scientific instruments would
be expected to have a normalized Cv of
less than 0.01 (forty times lower).
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Our work on system variance contin-
ued and used both purified ATP and also
standard bacterial cultures. The results
indicated that the system vartance is the
same among all of the brands included
in the studies. The level of imprecision
with ATP/RLU readings is now esti-
mated as being that “for any individual
ATP reading there is a 20% chance that
the RLU reading will be wrong by a
factor of two.”® This means that a read-
ing of say 100 RLU would indicate a
deviance range from 50 to 200 RLU.

On the positive side, with care taken
in sampling methodology and the inter-
pretation of RLU data, ATP testing has
been shown to be useful in cleaning
monitoring within healthcare and other
settings.” New work is being undertaken
to use an algorithm-based approach to
ensure that the statistical validation of
readings is kept to a high standard.

Due to its low cost, ATP testing can
be economically used as a measure-
ment after recent water events to show
if nonvisible fungus is absent on large
areas of selected nonbiological building
materials, such as plasterboard. As aged
fungal spores may yield low ATP read-
ings due to difficulty in lysing the spore,
other methods are needed where fungi

are predominantly dormant. Between-
sample variation from swabbing uneven
surfaces and heterogeneous growth can
be overcome by sample replication,
which pushes up the cost slightly.

Implications from the Validation
studies

These findings have major implica-
tions for threshold setting. There is no
better place to look at this problem than
in table 5.3 of the ISSA STANDARD for
Measuring the Effectiveness of Cleaning
in  Institutional and Commercial
Facilities 0415-2015 (ISSA 2015). To
interpret the standard, one has to use one
of the three branded ATP devices. This
is confusing for a cleaning contractor
who attempts to follow the ISSA stan-
dard. The risks of getting it wrong have
major implications in terms of cost and
hygiene. It Jooked like ATP testing may
have had a terminal flaw.

But there was good news to follow
from extending the studies into a risk-
based process.

Recently I participated in a study that
looked at the risk assurance implica-
tions from using ATP testing for hygiene
monitoring using a risk assessment tool
known as Failure Mode Effects Analysis
(FMEA). The FMEA methodology was

used to assess each of the three major
cleaning monitoring methods (visual
inspection, surface microbiology, ATP
testing) and also included a new and
fourth method using Fluorescent Marker
technologies (FM). We have not had the
time to discuss in detail the extraordi-
nary invention of Fluorescent Marker
technologies by Dr Philip Carling,
but an important paper on his work
is included in the references follow-
ing.® FM technologies are an excellent
method to ensure that surface cleaning
has been attempted and allows for mon-
itoring of surface cleaning frequencies,
particularly in hospital cleaning.

The findings from the risk assessment
using FMEA indicated that by com-
bining the four cleanliness monitoring
methods into a single integrated moni-
toring process, the strengths of each
method could be used to mitigate the
weaknesses of each method. This finding
represents a new approach for integrat-
ing cleanliness monitoring in healthcare
settings, a significant advance.

The new approach was applied in a
field-based pilot study described in a
paper titled “A pilot study into finding
the bad bugs in a busy Intensive Care
Unit (ICU).”® This paper was selected
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Figure 2: The Coefficient of Variance from 3 ATP testing device brands
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as the lead article in the December
2015 issue of the American Journal of
Infection Control. The paper includes
a number of key findings. Importantly,
the use of ATP to assist in an integrated
cleanliness monitoring process was
shown to be statistically significantly
better than using a traditional, one
dimensional, list-based microbiological
(only) sampling approach.

Next Steps for ATP testing for
cleanliness monitoring

The findings from the group of stud-
ies within my PhD showed both the
strengths and weaknesses of ATP testing
for cleanliness monitoring. The findings
support the inclusion of ATP testing
within an integrated cleanliness moni-
toring process. The study into “finding
the bad bugs” was focused within an
active healthcare setting, but the broader
implications of the findings, i.e., the bad
bugs are located away from the patient
zone and within the clinical worksta-
tions, underpins an enhanced scientific
platform for ongoing research into the
role of cleaning in preventing the spread
of infectious organisms within health-
care settings.

The goal of improving cleanli-
ness monitoring methods is to further
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improve the reliability of cleaning across
all professional cleaning platforms. The
findings outlined in this review article
indicate that ATP testing, despite impre-
cision and scaling difficulties, can be
included in an integrated monitoring
process, albeit with careful consider-
ation over sampling methodology and
the interpretation of the data/readings
from the ATP devices.

Two key issues remain. First, the ATP
testing device manufacturers need to
agree to a commonly calibrated scaling
for RLU. This would be a critical step
forward, but given the reluctance of the
manufacturers to move in this direc-
tion, better methods of sampling will be
required.

Second, to overcome the exist-
ing problems of device imprecision, a
revised approach to sampling is required
that overcomes the impact of outliers
in RLU readings.'’ This new approach
must make use of duplicate and up to
quadruplicate sampling to ensure that
imprecision does not mislead or corrupt
the results of ATP testing, which might
otherwise lead to incorrect interpreta-
tion of RLU readings. This paper does
not discuss the various methodological
issues with sampling using ATP testing,
but several studies are underway in an
effort to normalize sampling approaches
so that system variances can be mini-
mized. This will include a modified
method for determining cleanliness
standards such as used by the ISSA and
other bodies.

A clear goal is to take this ATP testing
approach and improve it to become the
leading cleanliness monitoring indicator

-
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for hygiene standards. This will require
more science, more discussion, and
more practical experience.

In particular, the IICRC (together
with CIRI) and its registrants is a group
that could engage in establishing an
improved, standardized methodological
platform for using ATP testing as a clean-
liness monitoring indicator. The IICRC
is a distinguished and diverse organiza-
tion that clearly appreciates the science.
It could provide a suitable industry body
for further debate and practical applica-
tions of this new technical platform for
cleanliness monitoring.
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