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Enzyme indicators (EIs) – an advanced replacement
for biological indicators (BIs) in the qualification of
vapour phase hydrogen peroxide bio-decontamination
Tim Coles
Abstract
This paper introduces the newly available
enzyme indicators which have the
potential to speed up cycle development
and cycle verification, in the hydrogen
peroxide vapour bio-decontamination
process. The recently published work
of scientists at PHE Porton Down
is reviewed, and the advantages of
enzyme indicators over conventional
biological indicators are put forward.

Introduction
The use of vapour phase hydrogen
peroxide in the bio-decontamination
of a variety of enclosures, including
pharmaceutical isolators, has become
commonplace since the introduction of
the first production gas generators by
Amsco, now Steris, in the mid-nineteen
eighties. Trademarked “VHP” by Steris,
the process is more accurately described
by the term “micro-condensed hydrogen
peroxide” (MCHP) as explained by the
author in various earlier papers. 1, 2, 3, 4
However described, the process is
almost invariably qualified by using
biological indicators (BIs) as the
measure of efficacy. BIs may take
various forms but the commonly-used
version has spores of Geobacillus
stearothermophilus deposited onto a
stainless steel coupon, placed inside a
Tyvek® envelope. The growth or
non-growth of BIs subjected to MCHP
is used, via various techniques, to develop
and then to confirm the acceptability
of the MCHP cycle. It has become the
norm to specify log 6 reduction of BIs as
proof of bio-decontamination, although
recent work suggests that this is
unnecessarily rigorous. 5 Nevertheless,
such BIs do present a robust and
convincing challenge to the MCHP
process. They do, however, suffer from
three significant disadvantages:
1. It takes up to 14 days, to get a result
from BIs following exposure.
2. The physical nature of high log
BIs leads to a certain percentage
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occurrence of “rogues” which will
not be deactivated even after long
exposure to MCHP.
3. Such BIs exhibit considerable
variability, both within and
between batches.
In practice, rather than wait the full
14 days, most operators are content with
7-day incubation of BIs. Even so, this
inevitably makes the process of MCHP
cycle development slow and laborious.
The issue of rogue BIs is tackled in
two ways. The first is to use triplicate
BIs at each test site. It can be shown
that if two out of three BIs at one site
are killed, then log 6 has been achieved.
Alternatively, a rogue policy can be
declared at the start of studies allowing
for example, up to 5% of positive growth
BIs to be counted as rogues. The former
solution is expensive; the latter is open
to debate.
The variability of BIs can be
considerable, with the declared D-value
of one batch being as much as 100%
different from another batch. This factor
casts doubt on the capability of BIs to
demonstrate the repeatability of a series
of MCHP cycles.
Overall, failure to understand the
MCHP process properly, combined with
the disadvantages presented by standard
BIs, has made the development of MCHP
cycles and subsequent validation and
re-validation, a lengthy and a costly
process. It is clear that a reduction
in the time, cost and complexity of
establishing an MCHP process would
be very welcome in the industry.

Thermophile Bacteria
It is well-known that some species of
bacteria, the so-called “thermophiles”
can tolerate extraordinarily high
temperature environments. Such
bacteria may be found in hydrothermal
vents and hot springs, thriving in water
at 120°C. Scientists at Public Health
England (PHE) Porton Down, UK, have
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studied these organisms for a number
of years. One aspect of their research
concerned the qualification of methods
used to deactivate extremely robust
infectious agents, such as the abnormal
prion protein which is the causative
agent of Creutzfeldt Jakob Disease
(CJD) in humans and Bovine
Spongiform Encephalitis (BSE or ‘mad
cow disease’) in cattle. A spin-off from
the work produced an enzyme designated
Thermostable Adenylate Kinase (tAK)
derived originally from the thermophile
bacterium Sulfolobus acidocaldarius. As
the name indicates, this enzyme, as a
result of its tightly-packed protein
structure, is stable at very high
temperatures. It was also found to be
stable when subjected to other methods
of bio-decontamination, and this
included the MCHP process.
This discovery prompted further
research which then revealed a very
useful property possessed by tAK.
It is progressively, and predictably,
deactivated over time when exposed to
bio-decontamination processes. The
level of activity of the enzyme can be
measured relatively easily, using a
luciferin-luciferase reaction. This,
therefore, clearly offered the potential
for a direct and immediate measure of
the efficacy of any given MCHP
bio-decontamination process. Such a
measure would not be subject to the sort
of disadvantages inherent in the use of BIs.

McLeod et al.
Recognising the potential for the rapid
and accurate evaluation of biodecontamination processes, scientists at
Public Health England (PHE) embarked
on a direct comparison of the performance
of classical BIs and tAK based enzyme
indicators (EIs). The EIs consist of a
polyester substrate carrying a small
quantity of the active enzyme, mounted
in a plastic carrier. The EI is fairly
similar in size and shape to a classical
BI, and is presented inside an isolator
or other enclosure in much the same
www.cleanairandcontainment.com
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way. This work has been described by
McLeod et al 6 and it is that draft paper
which forms the basis of this review.
Describing the work briefly, BIs and
EIs were exposed to MCHP cycles in a
two-glove flexible film isolator using a
commercial hydrogen peroxide system.
In this study, three BIs and four EIs
were placed together on the base tray of
the isolator and exposed to VHP for
cycle times of 0, 2, 4, 6, 8, 10, 12 and 14
minutes. Positive controls (non-treated)
and negative controls (reagent/growth
media) were also included for both BIs
and EIs. This process was carried out on
six independent occasions. Following
exposure, the BIs were suspended,
serially diluted and placed on agar
plates (“plated out”). The plates were
incubated for 48 hours before enumeration
of total viable counts (TVC) to establish
the log reduction in each case. The EIs
were placed in tubes containing ATPLuciferase solution and then ADP
solution was added. The residual activity
of each EI was measured as relative light
units (RLU) in a luminometer.
The results were used first to show a
clear correlation between the RLU
output of each EI and the time of
exposure to VHP. The activity of the
enzyme declined logarithmically with
time of exposure.
The results were then used to show
the correlation between the log reduction
of BIs and the RLU of the EIs. The BI log
reduction and decreasing EI RLU values
were plotted alongside each other and
demonstrated a close relationship
between the two. This relationship is
then used to plot an equation by which
EI RLU can be used to predict BI log
reduction values (plus and minus the
95% confidence level).
In the course of the study, the great
variability of response from the BIs was
confirmed, in marked contrast to a more
stable response from the EIs. Within
cycles, tAK indicators showed the average
percentage coefficient of variance between
readings for each time point to be 19%,
but for BIs it was 96%. The between
cycle variance was shown to be 26%
for tAK and a rather large 179% for BIs.
This is an indication of the overall
unpredictability of BIs, which places
some degree of doubt on the robustness
and reliability of MCHP cycles
developed using BIs.
The authors conclude that, under the
conditions of the study, there is a strong
www.cleanairandcontainment.com

correlation between tAK activity and BI
log reduction.

Conclusion
From the work of McLeod et al,
it would seem that enzyme indicators,
based on the enzyme tAK, wholly
outperform classical biological
indicators in the evaluation of MCHP
(VHP) bio-decontamination cycles.
The results for EIs can be obtained
in a matter of minutes from harvesting,
against a minimum seven days for BIs.
EIs are shown to have a much more
predictable response to the MCHP
process than BIs, with less variance both
within and between cycles. Indeed, the
observed variance with EIs may well truly
reflect the intrinsic variance within the
MCHP process itself in a way that is not
possible with BIs. EIs are not prone to an
underlying and unknown “rogue” rate.
Whilst the current range of
luminometers display the results for EIs
in RLUs (Relative Light Units), it should
only take some relatively simple software
changes to display the results in terms
of equivalent log reduction, a measure
of performance familiar to current
MCHP operators.
The cost of each EI is thought to
be significantly more than that of a BI.
However, since triplicate BIs could
potentially be replaced with a smaller
number of EIs, subject to validation in
any given MCHP system, the consumable
cost may not be increased overall.
A luminometer will also be required,
either a simple dual tube manual reading
device or an automated multi-tube
reading machine. These have significant
cost; however, the time saving which the
tAK-based EI can offer, may well pay
back the cost of the reader quite quickly.
It is suggested that MCHP cycle
development and re-qualification based
on good-quality chemical indicators
(CIs) and enzyme indicators (EIs), may

present a more predictable, and thus
more robust, process, and a significant
saving in time. All of which potentially
represents an increase in quality,
combined with a reduction in costs.
Such a combination is surely a
compelling attraction for the industry.
Protak Scientific is the global
exclusive licensee (from Public Health
England) for the commercialisation
and development of thermostable
Adenylate Kinase for verification of
decontaminations within chambers
and open volumes.
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An industry changing collaboration:
Phillip Godden on the moment he discovered there
was an alternative to Biological Indicators
Phillip Godden
Here are a few words about me, this
new technology and the excitement it
has generated for me and, I hope, you
too, when you share the same moment
I had a few years ago. The moment I
discovered there was a revolutionary
alternative to Biological Indicator
decontamination validation.

Discovering a new science for
decontamination validation
This all started in 2014. I was working
with a provider of Hydrogen Peroxide
decontamination technology and
happened to be at Public Health
England who had asked to hire the
equipment to trial a new indicator.
To qualify my position, I’m an
engineer but not hugely experienced in
decontamination per se. I’ve enjoyed
many years in the “clean air” sector and
always had a technical interest. The one
thing I had suffered from, and found to
be a regular topic of conversation in the
decontamination community, was the
hassle and frustrations that Biological
Indicators were causing, had always
caused and would always cause – so I was
naturally curious about something new.
I’m not going to go into the detail of
issues with Biological Indicators because
I think it’s fair to say that if you are
still reading here, you will I hope, have
nodded your head and have your own
issues and frustrations.

A new License agreement for
Enzyme Indicators
So, a new indicator technology… I was
curious and interested to learn more. It
is also fair to say that I instantly picked
up on the drive and passion at PHE that
surrounded the technology. The next
few weeks and months disappeared
very quickly and we started to consider
the potential of a license agreement. We
reviewed the technology and the more I
looked, the more excited and electrifying
the reality became – they were a true,
viable alternative to Biological Indicators.
Here in front of me was an indicator
that on every level outperformed the
6

current gold standard. We have lots of
other information that proves these
advances and I will leave a sales pitch
to another day.
The fact is, I got it. I understood
why the lead scientist at PHE had this
excitement and passion every time we
spoke about this new validation test.
Okay, so it was better – but it was how
this could change the decontamination
society – that was what excited him and
now me too. Sounds cliché but this
technology makes everyone’s life better
– anyone who uses hydrogen peroxide
as a decontamination tool – absolutely
everyone benefits.

I welcome anyone to review,
scrutinise and trial our
Enzyme Indicators for
themselves.
So, at the same time as reviewing the
technology I started negotiating with PHE
on the license deal and a development
model that would ensure that the full
potential of this new technology could
be realised and delivered into the global
community, The technology is focussed
on H 2O2 decontamination right
now but we know it can be used for
other gaseous agents as well. Again,
months flew past very quickly and now
I’ve been talking to PHE for over a year!
April 2015 came and we signed the
deal with PHE. Protak Scientific became
the global exclusive licensee for the
commercialisation and development
of thermostable Adenylate Kinase for
verification of decontaminations within
chambers and open volumes.

Moving forward with a Biological
Indicator alternative
You would think that everything moves
quickly from here but actually, no. From
here we signed up to an 18-month
research program. To create a product
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that can be brought to market, with
stability data, with different iterations
of product and to do everything possible
to launch a product that would meet
with industry approval.
While the research and product
development bubbled under the surface
and repetitive manufacturing cycles,
stability studies and the like developed,
I started to very softly introduce the
concept to people, and without exception
people were positive! Possibly with an
equal measure of conservative scepticism,
but the repetitive message unanimously
being, if we could use the technology
it would be a massive step forwards!
Fast-forward to January 2017 – and we
are live! We now have a fully usable,
robust product – the Enzyme Indicator is
here. I’ve started speaking to people in the
medical and pharmaceutical industries
that we know would gain immediate
benefit. We are looking for the FDA and
MHRA to approve the technology as a
validation tool and we have interest…a lot
of interest in the technology!
End users, resellers, isolator
manufacturers, H2O2 decontamination
equipment manufacturers, gassing cycle
development consultants and even CEOs
of very large corporations are interested.
Everyone seems to have that same
moment I had a few years ago where
everything aligns and the realisation
that the game has changed sets in.
What is the future? Well I hope we
keep educating, showing the world and
learning together. As I mentioned at the
start, I’m not an expert. The world is
full of people who have more experience
and knowledge than I and I welcome
anyone to review, scrutinise and trial
our Enzyme Indicators for themselves.
The more people see the technology,
understand it and help to deliver it to
the world the better.
With any luck, in five years’ time
Enzyme Indicator technology will be
the norm, the gold standard – replacing
Biological Indicators completely.
I hope we will remove the run to
fail mentality. I hope we will open new
www.cleanairandcontainment.com
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frontiers in equipment and validation
process monitoring. I hope we will
make everyone’s life just a little easier
with new, better technology. I hope we
save a heap of cash for big pharmaceutical
companies and have a positive impact
on society.
I know it’s cliché but this is the
most exciting thing I have ever done.

I’m enthusiastic and have found the
enthusiasm is infectious – once
someone has tried using an EI
everything just clicks.
To close, if you have read to here
then thank you again and if you are not
already speaking to us then please get
in touch – I would love to hear from you.

Phillip Godden
is CEO of Protak
Scientific, www.
protakscientific.
com
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