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Extensive Distributor Network
Europe, Asia, China and growing

Developed in partnership with PHE
75+ Global Patents, CE& 21 CFRPart 11 Compliant

Rapid Growth & Adoption

4 Global Offices
UK, Italy, USA, China

Headquarters in Surrey, UK
Global Enzyme Indicator Manufacturer & Supplier

Operations & Manufacturing
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• We are currently in Talks and
active trials with 10 of the
Worlds top 20 Pharmaceutical
companies.

• Many of the top pharmaceutical
leaders are already using eBIs to
benefit their production.

Over 50% of top 20 Pharma Companies currently
investigating EI use

*The above companies are for illustration purposes only.



Current Technology & Challenges
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PoorData

No linear, numerical values of
performance which can

generate long term statistical
data

ExtendedWait

Incubation for an extended
timeframe.

Hampers delivery of new
equipment, revalidation and

product release

HighProcess
Costs

Many aspects of Biological
Indicator validation place
unnecessary costs into the

manufacturing process

Conventional Biological Indicators
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The challenge today –
When is a Bacillus 10! BI really a 10⁶ BI?

Contaminated
Carrier

Physical contamination of
carrier and inoculation

Mass Clumping

Impossible to Inoculate,
nucleus surrounded with

shield

Bacillus
Composition

The perfect composition
Impossible to create
consistent challenge.
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DValue Log 6 Log 5 Log 4 Log 3 Log 2 Log 1

1,000,000 100,000 10,000 1,000 100 10 1

( Time to reduce 1 LOG in minutes)

0.8 0.8 1.6 2.4 3.2 4 4.8 5.6
1 1 2 3 4 5 6 7
1.5 1.5 3 4.5 6 7.5 9 10.5
2 2 4 6 8 10 12 14
2.5 2.5 5 7.5 10 12.5 15 17.5
2.8 2.8 5.6 8.4 11.2 14 16.8 19.6
3 3 6 9 12 15 18 21

Deactivation

time in minutes

When is a Bacillus 10! BI really a 10! BI?

Low
resistance
BI

High
Resistance
BI

Thechallengeby nature is variable. Designof ChallengeParameters is Key to CycleDevelopment.
Variance of approx. 300%

*Low resistance BI vs High Resistance BI (inactivation time in a BI evaluation using a BIERvessel) 9



Chemical Indicators

Indicate vH2O2Presence

Variable colour change to different
vH2O2processes

Cannot be used as proof of
log reduction
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The Enzymatic Indicator - The EI
Faster, Smarter & Safer Alternative to BI’s

Instant
Taking just 60 seconds

NO incubation.
No delay.

Immediate Results

Real Numbers
Quantifiable Data

Quantitative
Numerical Scale
Correlated to BI’s

Digital Data
No manual interpretation

Greatly reduced
manual recording
Simple to use

Quality
Built in safeguards

Continuous checking
and validation of EI’s

Positive and
Negative Controls



thermostable Adenylate Kinase – The Catalyst
tAK
The Enzyme
Thermally stable and
denatures in a remarkably
predictable way. Time and
dose responsive to
oxidization processes.

Highly Compressed
Ribbon. Hard to quickly
inactive

AK
Open ribbon, almost
immediately
inactivates with low
doses of any
oxidization processes.

Resistance to temperature

Oxidization Processes

Excellent

Excellent

Resistance to temperature

Oxidization Processes

Poor

Poor

Stability at 4°C Excellent Stability at 4°C

tAK is a Biological NON viable so can be used in process

Okay
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8 Cleaning process monitoring

fibrin

tAK chosen as a protein that adheres tightly to
surfaces and represents a worst-case

haemoglobin

General proteins found
in clinical samples prion

Easy Protein removal Difficult

Tma
tAK 4-log difference in

ease of removal
Sac
tAK



The Result

Digital Delivery

Quantitively, Immediate
and Validated cycle
efficacy reporting

delivered via developed
software.

The Reaction

Bioluminescent
Assay

Assay function
dependent upon viable

enzyme introduced from
EI test strip

Enzymatic Technology
1 2 3 4

Enzyme Indicator

tAK Catalyst

Engineered quantity of
Enzyme deposited to

carrier. Viability reduced
to exposure to

oxidization processes

The Reader
Luminometer

PR2A
Accurately and

Repeatedly measures
light in RLU from Enzyme

driven luminescent
reaction. With inbuilt
process qualification

60 seconds 15



• High degree of
manufacturing
accuracy

• Arduous bond
between tAK
and substraight
material

• 1% Sampling in
manufacturing

Enzymatic Indicator Strips
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Enzymatic Biological Indicator Strips
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PR2 A Reader
Manufactured for 20 Years.
Pharma Approved

Validatable Performance
IQ, OQ, PQ developed and easily
qualifiable to a light standard

Robust and Simple
Designed for constant use and
transportation.

Low capital and running cost
Designed to be low cost and inexpensive
to purchase and operate

Luminometer – PR2A
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Extensively Tested and Developed
Standard icon driven reading platform

Simple and intuitive
Easy to use with simple training

Safety built in
Positive and Negative controls before reading
exposed strips

Rapid results
Quantifiable data delivered in 60 seconds per
test strip.
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Software Reporting

Un-editable Data Files

Once the data is delivered it cannot be edited

Content Rich Reporting

More data recorded with minimal user input

Safety built in
Positive and Negative controls before reading
exposed strips

22



Software Reporting
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Software Reporting
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RL
U

QC Test process

• Positive: 95% of N=60
unexposed strips (95-100%
Acceptable)

• Mean RLU = 9.09E+007
(Acceptable Range 6.00E+007 –
1.64E+008)

• %CV = 9.90%
(Acceptable Range = < 15%)

EI Variation
Unexposed strips - Order vsRLU

1.00E+09

1.00E+08

1.00E+070 10 20 30 40 50 60

RunOrder n=60

Raw Data
Lower Limit
Upper Limit

QC testing of EI strips across batch to confirm co-efficient of variation (%CV) 23



Reader Variation = <2% @
1.5% CV from blank tube /
luminometer read variance
(PQ)

Test Strip Variation = < 10%
(6.25% if subtracting Reader
and Reagent variation)

<5% @ 3.65% (2.15 % CV
if subtracting above
reader CV)

EI Variation

Variability: Cumulative effect not just tAK variability

Reagent Variation
=

This equals to the 9.9% total (<15%)
24



Application and Benefits
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When can EI’s be applied?

CYCLEDEVELOPMENT
rapid cycle understanding,
understanding of load

distribution,

CONTINIOUS MONITORING
Ability to monitor cycles
during production runs

ENGINEERING
efficacy and cycle
distribution
understanding

FAT/SAT
quick, simple

correlation to BI stock
and optimized cycle

development
alongside BI’s

REQUALIFICATION
Validating against
already established

models



Optimised
Cycle

Cycle optimisation
Customer cycle development to improve cycle efficiency whilst ensuring log6 reduction was achieved

Cycle optimisation

StdCycleALR

Optimised CycleALR

Log6

CYCLETIME REDUCEDBY50%
27

Cycle optimisation

27

Customer cycle development to improve cycle efficiency whilst ensuring log6 reduction was achieved
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RL
U

Figure shows EI RLU values at each
position. Green bars signify no BI

growth, red bars BI growth

Positional/distribution studies
tAKEIVPHPinactivation isolator; full cycle: Effect of

position

1.0E+08

1.0E+07

1.0E+06
1 2 3 4 5 6 7 8 9 10 11 12 16 17 18 19 20 21 24

Isolator Position

28

BI growth was observed at positions 21 
and 24. These position are isokinetic 

sampling probes and known
to be challenging.

No BI growth at the position with the
next highest RLU (position 12- under
the removable floor of the isolator.
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Faster
• Improved TAT
• Earlier batch

release

Smarter
• Increased Capacity
• Quantifiable data

on cycle efficiency

Safer
• Assured Cycle

efficacy
• Real-Time Data

Cost
Effective

• Save £$
• Significant time

savings

2

Financial Benefits

£123k cost
saving

£700.000

£600.000

£500.000

£400.000

£300.000

£200.000

£100.000

£0

5 year cost savings per region*

Year 1 Year 2 Year 3 Year 4 Year 5

Total BI Costs Total EI Costs

*Calculated for a 200m area, comparison is for BI’s in triplicate with CI’s vs Single BI’s & Single EI’s and no CI’s



Regulatory Compliance

Substantially more robust and
reproducible challenge

Process Understanding

EI’s facilitate spot checks and continuous
cycle qualification

60 Second Results

7 day incubation reduced to 60 second
read. Saving 1000’s of hours per year

Continuous Validation

Engineered to deliver validation control
and qualification on every read.

Improving

EI technology will replace BI’s because
on every level it outperforms.

Large financial gains

EI technology will deliver multimillion
dollar savings every year

Preventing Failure

Removing RUN TO FAIL from
decontamination process.

Knowledge

EI’s deliver new levels of data simply and
effectively.

Enzymatic Decontamination Validation Delivers

31
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Paul Liu 
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Softbio Health Inc.
晁丞健康股份有限公司

EI Q&A



7 Cleaning process monitoring

Rapid detection systems
used for decontamination
monitoring

ØThermostable adenylate kinases (tAKs)
Ø Isolated from thermophilic bacteria in volcanic
springs; Sulpholobus acidocaldarius

2ADP AMP +ATP
Luciferin
/luciferase

Light



tAK Standard Curve

PDA J Pharm Sci and Tech 2017, 71 393-404



Residual tAK activity expressed as relative light units (RLU) 
following hydrogen peroxide exposure in a flexible film isolator

PDA J Pharm Sci and Tech 2017, 71 393-404



Time course of inactivation of Geobacillus stearothermophilus spore 
discs during replicate hydrogen peroxide decontamination processes

response, with an initial linear phase of inactivation
followed by a logarithmic reduction at later time
points (Figure 4). The regression values for the
curves are shown for either a single linear inactiva-
tion profile or the biphasic relationship. The bipha-
sic fit shows a higher r2 value than the linear fit,
suggesting that this is a more accurate representa-
tion of the actual BI inactivation process observed
in the current study.

To explore the ability to use the tAK enzyme activity
as a surrogate measure of spore kill, we plotted the
average values for the tAK activity and the mean
bacterial kill across all six decontamination processes
(Figure 5). For raw data see Supplemental Figure 1.
Data were fitted against a four-parameter logistic line
(predict y from x). To model the use of the correlation,
eight arbitrary tAK values within the assay range were
entered into the calibration curve equation, and log-
reduction in BI viable count was read from the y-axis

(see supplemental data). The data from these values
were used to analyse how well the tAK value would
predict the log kill from the BIs and to determine the
confidence limits for any specific tAK value. The
calibration curves were then replotted with the average
tAK activity values !95% CI; these are shown as
dashed lines on Figure 5. These show the confidence
limits of each predicted mean value widen as the
predicted log reduction increases and the tAK RLU
value decreases.

Discussion

The study evaluated whether tAK-based enzyme indi-
cators could be used to monitor a hydrogen peroxide
decontamination process and provide information that
could be correlated with BI inactivation. Under the
conditions used in the current study, we have shown
that there is a strong correlation between the results
obtained with the tAK and enumerated BIs, suggesting

Figure 3

Time course of inactivation of Geobacillus stearothermophilus spore discs during replicate hydrogen peroxide
decontamination processes. The survival of spores was estimated for 6-log BIs removed at the same time points
as for the tAK indicators (Figure 2). Each data point represents the mean viable count for three individual BIs
in each cycle with standard deviation shown. The average survival across all the replicate hydrogen peroxide
processes was also plotted (black line) plus or minus standard deviation. The exponential trend line is based
on the plot of the total mean cfu and has an R2 of 0.96.
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Comparing BI and EI inactivation profiles

that this approach may be useful for providing rapid
process monitoring information.

The study showed that the inactivation of the BIs
was biphasic in the system used, rather than the
textbook linear inactivation curve. This biphasic
response in which the inactivation rate is slower and
non-linear for the lower remaining fraction (i.e., last
102 spores in a 106 preparation) is referred to as
“tailing” (18). The biphasic response and lack of
uniformity in BI kill during VPHP processes can be
caused by several different factors. The process
itself is complex and its efficacy affected by a
number of different environmental factors (i.e., ma-
terials). It is also technically challenging to inocu-
late a small disc with an even monolayer of 106 cfu
spores without some form of spore overlap or en-
capsulation. The VPHP process also has a shallower
depth of penetration than some other sterilization
techniques (i.e., dry heat), therefore any spore over-
lap can worsen non-linear BI response. This diffi-
culty in manufacture also leads to a wide range of
D-values among different commercial BI batches,
and this is exacerbated at higher spore numbers,

which will be intrinsically more resistant to hydro-
gen peroxide than lower numbers (12).

Both indicators also showed variability within and
between each cycle. The tAK indicators showed an
average %CV between readings for each time point
of 19% (range 7– 66%); whereas variance for BIs
was 96% (range 11–173%). Between each cycle
(mean at each time point) the variance for tAK
indicators was 26% (range 16 –35%) and for BI
179% (range 81–296%). This variance can be attrib-
uted to a combination of variation in the cycle itself,
the enumeration method, and variability in the BIs.
The variance in the tAK indicators also reflects
some of these factors, such as differences in the
hydrogen peroxide process, but arguably the manu-
facture of the tAK indicators and the assay perfor-
mance is much less variable and can be readily
defined. It is not routine practice to enumerate the
BIs, which are routinely scored as growth or no-
growth, and enumeration undoubtedly contributed
to the variance seen in the current study. The alter-
native is to perform fractional kill studies, and this
method is commonly used to define and validate

Figure 4

Comparing BI and EI inactivation profiles. Examination of the mean data across all the process runs
suggested that there is a biphasic inactivation curve. Data were separated into two time periods, the first
based on an initial phase of 0 – 4 min (A) and a second from 4 to 14 min (B). The initial phase shows a
linear inactivation profile with very high regression values (R2 ! 0.9989 and 0.9997 for tAK indicators
and BIs, respectively). The second phase suggests an exponential relationship between time and inactiva-
tion, with R2 ! 0.9997 and 0.9682 for tAK and BIs, respectively. These values were higher than those
obtained for linear fits (BI for all samples R2 ! 0.9598, BI 4 –14 min R2 ! 0.9308, tAK 4 –14 min R2 !
0.9359).

399Vol. 71, No. 5, September–October 2017
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