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How to validate challenging parameters

of a quantitative rapid method in Pharma

Industry? Two Customer Examples
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Prof.Dr. Edwin van den Heuvel, Eindhoven University of Technology, Netherlands

Introduction

The interest of Pharmaceutical Industry to implement methods
which allow faster results and release of their products is very
high. For the majority of customers the validation of Rapid
Microbiological Methods (RMM) according to EP 5.1.6 is still
challenging. Especially the parameters that require advanced
statistical knowledge like accuracy, precision and linearity could
prevent customers from completing their validation and using of
the method in routine. Additionally validation work can take a lot
of resources.

The following customer examples of global Pharmaceutical
companies provide two different approaches how to implement
and validate a RMM method for the application of Rapid
Bioburden Testing.

Both studies were performed with the Milliflex® Quantum, a
fluorescence-based technology for filterable samples.

The principle of the fluorescence detection is based on an
enzymatic reaction. The fluorogenic substrate used is a non-
fluorescent viability marker that is cleaved by nonspecific
intracellular enzymes resulting in a fluorescent product [1].
Accumulation of fluorescence inside cells is an indicator of
microbial metabolism activity and membrane integrity. The dye
is diluted in a staining buffer allowing cell membrane
permeabilization and thus passive dye introduction into cells,
maintaining the cells viability.

Stained bacteria

Bacterafcclony before stairing Merrbrane incubation on the staining pad

Validation Principles

Milliflex® Quantum method is validated as an alternative method to
the compendial test of bioburden for pharmaceutical products
(Microbiological examination of Non Sterile Products, EP 2.6.12,
USP <61> or JP 4.05) according to Guidelines EP 5.1.6, USP
<1223> and PDA TR 33, Validation of Alternative Microbiological
Methods [5], [6], [7], [8].

We consider here the Performance Qualification done by the user,
considering that a primary validation has been carried out by the
supplier (EP 5.1.6 gives a very comprehensive matrix with the
respective rules of Supplier and User in the validation process)

As Milliflex Quantum is a quantitative method, the validation of a
Rapid Microbiological Method comprises the following parameters:
LOQ /LOD

Precision

Linearity/ range

Specificity

Robustness/ Ruggedness

Suitability

Equivalence

Methodology

To perform the validation experiments, the alternative method
(Milliflex® Quantum) is compared to the traditional method by
membrane filtration (Milliflex®), using materials and equipment
provided by the supplier.

As the method is to be validated for its intended use, to
demonstrate the specificity of the method, experiments were done
with culture collection strains (ATCC) but also in-house isolates,
some of which had been stressed (heat or starvation).

Validation studies require statistics because they include
experiments which provide data that must be analyzed and
interpreted. In particular, quantal tests related to the sensitivity of
the method (LOQ/ LOD), precision and accuracy require a good
level of statistical knowledge and methods.

Then, we focus on these parameters because they are considered
as challenging for customers and, additionally, specificity is also
treated, because it is key for the performance and justify the choice
of an alternative method.

In both customer cases, Milliflex® Quantum is validated as an
alternative global bioburden method with a reduced incubation time
of 72 H instead of 5-7 days. In customer case 1 the Milliflex®
Quantum is used as a qualitative test for LOD (using MPN) and as a
quantitative test for Specificity.
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Validation Parameters and
Statistical Methods

customer [2]

Limit of Detection and (Quantification)

LOD and LOQ are the lowest number of microorganisms that can be
respectively detected or accurately counted. LOQ was not in the scope
as counting of colonies are done by an operator in both cases.

Test by MPN: inoculation of rinsing solution with 50, 5, 0.5 and 0.05
CFU . Alternative method (RBB) and compendial one (TBB) tested in
parallel, two runs of each 10 replicates per concentration and
microorganism (15 microorganisms including 7 in-house isolates). See
results on Fig. 1.
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Specificity

The specificity of a method is defined as the potential to detect a
broad range of microorganisms.

Remark: False positive rate is also to be tested , with a great number
of blank test repetitions.

In this example, the specificity is
microorganisms including 7 representative stressed
isolates.

Test: 2 test runs of 10-100 CFU in 100mL with 3 replicates per
microorganism. For some strains, the sample size is increased to reach
the required test power. The CFU count for alternative test should not
be statistically different as compared to the compendial test. For each
run a 2-sample t-test at a confidence level of 95% is performed. (p-
value must be >0.05). Finally, a test power calculation is used to
demonstrate non inferiority, with a limit of >0.8. See results Table 1.
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Discussion of Results

Limit of Detecti
As demonstrated in Fig. 1, in all cases the 95% confidence intervals of the
traditional and the rapid bioburden test do overlap, no significant
difference regarding the LOD of any of the test strains is observed
demonstrating adequate LOD for the alternative method.

Specificity

As we can see in Table 1, after exclusion of some outliers ! with the
Grubb’s test, the specificity is fully demonstrated for 14 stains. For
Bacillus subtilis, the Rapid method is tested against the Traditional one by
a non-inferiority test at a confidence level of 95% with a boundary of
70%. (EP 2.6.12 and USP <1227>showing that the difference is
acceptable. Table 2
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Figure
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Alternative

Accuracy & linearity

After pooling total number of observed CFU for each method (Table 2),
the Likelihood Ratio Test is calculated: LRT=0,43 < 3,841. In conclusion,
no significant difference is observed between accuracy of both methods.
For the linearity, further investigations on the regression curve and
associated slopes demonstrate perfect linearities of both methods.

After calculation
_ repeatability

T V‘];”'s‘""“““‘"‘:g& intermediate precision
Dilution - - (see Table 4) with
Mean (CFU) | STD [Mean (CFU)] STD |Mean (CF FU)) data aVa“able on
143 1711 633 869 155 3, X X Tabl e 3 , we
e e demonstrate that, as
178 2l s |lGRll S CV-repetability

SEFUNS (P IS I S satisfies the criteria
based on Poisson and
the total variation is
less than 30% for

methods, the

precision is fully
Table 4 acceptable for the
alternative method.

Table 1
188 |sse| eso [seof 195
Sample Size | RBB mean +/-SD| T8B mean +/-SD Test
Species RBB/TBB. [cFu] [cFu] p-value | Power 150 294 660 |216] 150
i 6/6 334/-3 40+/-7 0,06 0,99 193 3100 605 |2170] 205
s'/6 53+/-4 50+/-6 042 1,00 23 207| 73 |ess| 23 |3 Y X both
tilis 8/9 364/-4 454/-4 0,00 1,00 Per method concentration and run: 4 samples
ia coli 9/9 234/-5 204/-4 025 | 09
6/6 76+/-12 724/-7 053 | 09 -
Itophilia 6/6 334/-7 31+/6 059 | 08 Dilution A Y52
e e /6 214/-2 224/-4 051 097 ‘ompendial [Alternative
Bacillus clausii 9/9 54+/-13 51+/-14 0,67 0,79° P o
6/6 334/-5 33+/-6 0,92 0,92 - -
9/9 384/-8 374/-8 080 | 087 s
6/6 48+4/-7 41+/-8 013 0,95 8
ia thizophil 6/6 79+/-7 774/-9 064 | 1,00
Penicillium sp. 6/6 88+/-12 90+/-6 072 | 1,00
brasiliensi: 6/5' 86+4/-7 484/-2 0,52 0,99
lc: 9/9 324/-7 35+/-8 0,45 0,90

customer 2

Accuracy and linearity

Note: Staphylococcus aureus(ATCC 6538) is treaded as an example but each
microorganism from culture collections and isolates can be tested by the
same methodology.

Test: a stock solution (Vt) is spiked with 8 BioBall® of 550 CFUs (4400
CFU), 4 dilutions are created from Vt with volumes: V1=36 mL,
V2=32.4 mL, V3=18 mL, V4=0.72mL

Each volume is complemented to 36 mL and then fully tested with
Rapid method (RMM) and Compendial (CM) i.e., 18 X1 mL for each.

= To demonstrate accuracy, the total number of observed CFU are
pooled over all dilutions for each method separately (Xguy and Xcy)
and the likelihood ratio test is calculated:

LRT =2[Xpum(Ln Xamu=Ln( Xeymu+Xcm)/2) + Xew(Ln Xew-Ln(Xamm+Xcew)/2)]

LRT larger than 3,841 indicates a difference in detection. See results

in Table 2. [3],[4]

= To demonstrate the linearity
A regression curve is established for each method separately with
Expected versus Observed counts on dilution (See Figure 2).
Expected counts are derived from the total counts (Xgum and Xcy)
proportionally to the dilution volumes. Linearity is obtained when the
regression line does not deviate from the line y=x.

Precision

Candida albicans (ATCC 10231) is treaded as an example but each
microorganism from culture collections and isolates can be tested by the
same methodology.

Test: create a low and high spiked dilution over multiple days that is
analyzed by multiple analysts (8 runs of 4 samples for each method).
Calculate Repeatability (%) and Intermediate Precision (%) via a
random effects ANOVA model (see ICH Q2(R1)). Results in Table 3 &
Table 4. [3]

Summary

With the right validation set-up and statistical approach it can
be demonstrated that RMM methods provide the same
performance as traditional microbiological methods adding
additional advantage like time-to-release to the routine
testing. Moreover, the customer examples show that statistical
requirements of the EP 5.1.6 chapter can be overcome through
the use of relevant tools.

However, resource and time for validation can be limited using
statistical support or service offer from method suppliers.
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Evaluation of a Rapid Microbiological
Method for filterable raw materials in

Pharma Industry
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Introduction

The study was performed as part of a Microbiological Quality
Control project dealing with rapid microbiological methods
(RMM) at Merck Healthcare, a biopharmaceutical company
focused on the areas of oncology, neurodegenerative diseases
and endocrinology.

Discussion

Results & Prospects

As expected, the bacteria reacted sensitively to low pH, and their
growth was inhibited, while the mold and yeast were mostly
unaffected. Orange oil, peach aroma and orange aroma had the
greatest inhibitory effect on all microorganisms except A.
brasiliensis, which was only verifiably inhibited by orange aroma.
The inhibition of the growth of P. aeruginosa and B. subtilis by
sodium saccharin was expected at this concentration

[5]. Nicotinamide had an inhibitory effect on B. subtilis and P.
aeruginosa, but surprisingly not on S. aureus [6]. In comparison
to the other organisms, stressed B. subtilis seemed to be highly
sensitive to changes in pH and other conditions. In most cases,
the Milliflex® Quantum System did not show significant
differences in received values, since the statistical threshold was
just one unit below 0.05. The high values in the recovery rates
were due to the afore-mentioned inhibitory effects of the raw
materials (Fig. 3, Orange oil). The low numbers of colony-forming
units (CFU) also resulted in greater recovery rates. A. brasiliensis
was not measurable after five days, thus determination of
recovery rate and t-value were not feasible. However, evaluation
via the Milliflex® Quantum System was possible.

The Milliflex® Quantum
System and Aim

The principle of fluorescence detection is based on an enzymatic
reaction. The fluorogenic substrate used is a

non-fluorescent viability marker that is cleaved by nonspecific
intracellular enzymes, resulting in a fluorescent product [1]. The
viability marker exhibits bright green fluorescence, which is
measureable at wavelengths between 480 and 490 nm (Fig. 1)
[2]. The dye is diluted in a staining buffer, allowing cell
membrane permeabilization and, thus, dye introduction into cells
[1] [3]. Accumulation of fluorescence inside cells indicates
microbial metabolic activity and membrane integrity. The aim of
the study was to validate the Milliflex® Quantum rapid
microbiological method for the examination of filterable raw
materials that are common in microbiological quality control in
the pharmaceutical industry. The effects of raw materials on
growth were also of particular interest. P. aeruginos

Orange aroma

Ascorbic acid

Dexpanthenol

Dexpanthenol

. Y Giycerol 859% PHA Prod 11810
W Glycerol 85% PHA Prod ¥ 10357
Ty G e Glycine PHA Prod 12793

Metformin hydrochloride/Magnesium stearate 0.5 % e ] 10606

Sodium dihydrogen phosphate dihydrate PHA Prod 10096

Nicotinamide PHA Prod 11262

B Staired bacteria Orange oil 9459
Bacterizjeolony beforastaning  Vemarane ncubaticnon the taning pad

Peach aroma 501.079C 102.44

Pyridoxine hydrochloride PHA Prod

Sodium saccharin

Thiamine chloride hydrochloride PHA Prod

Thiamine chloride hydrochloride PHA Prod

Stress test at 60 °C

P. aeruginosa

1 —— A brasiliensis Summary

— C.albicans The Milliflex® Quantum method represents a
—— S.epidermidis rapid alternative method for the quantification of
J— contaminants in filterable products. The system
has been successfully validated for three raw
materials: glycerol, pyridoxine hydrochloride and
thiamine chloride hydrochloride. This rapid
microbiological method allows pharmaceutical
manufacturers and quality control laboratories to
address contamination events sooner, avoid line
shutdowns, reduce storage costs and enable the
earlier release of products to the market.

S.aureus

Percent of Cfu

Materials & Methods

The causative microorganisms, Staphylococcus aureus,
Bacillus subtilis, Candida albicans and Aspergillus brasiliensis,
as well as the isolate, Staphylococcus epidermidis, were used
for the validation. It was assumed that microorganisms, which
are detected during microbiological quality control, would be Time [min]
stressed. This stress can occur through starvation, heat,
dehydration or disinfectants. To simulate these conditions and
induce spore formation, microorganisms were exposed to 60
°C (Fig. 2), or starvation in the case of B. subtilis. The target
was to obtain an inoculum around 50 % compared to frozen
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A new smart incubator that is detecting and enumerating industry

- relevant microorganisms in real time guarantees complete data integrity

Jeanne Grosselin', Severine Bascoul', Sophie Grosz', Laurent Leblanc’
bioMérieux Industry, Chemin de I’Orme, 69280 Marcy I’Etoile, France

BIOME|RIEUX
INDulsTRY

European Directorate | Direction eus
forthe Quality | delaqualité
of Medicines | du médiament
&HealthCare | & soins de santé

— ]
PIONEERING DIAGNOSTICS

INTRODUCTION

Tight control of microbial environment surrounding health and personal care products is key for pharmaceutical industry. Quality and safety of final product is ensure through microbial monitoring of raw materials especially water, manufacturing
environment and manufacturing process with in process and final product testing. Despite a number of benefits, alternative microbiology methods are poorly implemented and microbial controls are still performed using compendial petri dishes
methods with operator-visual enumeration. These human-based tests are highly prone to individual mistakes (mis-labeling, mis-dilution, mis-counting, mis-reporting, loss of data ..) globally questioning the company data integrity policy. Here we
present an innovative system, the EviSight™ compact, an integrated biomonitoring instrument able to incubate and read petri dishes in a real-time manner. This system is designed to be compliant with 21 CFR 11 requirements ensuring complete
data integrity. The performances of the technology were challenged and demonstrated by 4 different and independent pharmaceutical industries through 3 main applications (90 mm and contact petri dish analysis, filter based analysis). Results
obtained by these beta sites allow to establish statistically-relevant trueness, precision and equivalence of this method.

MATERIALS AND METHODS

* EVISIGHT™ COMPACT PRESENTATION
The EviSight™ Compact system is a smart incubator that automatically analyses commercial petri dishes for microbial detection and enumeration without colony staining or opening of the culture disposable.

With the first version, up to 4 readers can be stacked and connected to the
same computer, offering greater incubation and processing capacity in a
minimum of space (figure 2).

Each reader can be run individually allowing disposable and set
temperature (from 20 to 35°C) flexibility.

Thanks to its interchangeable tray (figure 1), the EviSight™ Compact
system can be used with a wide range of disposables: 90 mm /55 mm /
contact plates for filter-based (water and filterable products) and direct
agar (environmental monitoring, product control ..) analysis.

——_

Figure 2

Figure 1

* STRAINS AND DISPOSABLES

Test microorganisms included in the study were sourced from culture collection and commercial calibrated strains.

PRODUCT REFERENCE SUPPLIER

- BioBall Multishot (bioMérieux): - Culture collection: - — Lo
Aspergillus brasiliensis ATCC 16404, ref. 56011 Methylobacterium extorquens NBRC 15911 Gulture media 90 mm —_— — = Mé’f"”‘
Bacillus subtilis ATCC 6633, ref. 56012 Pseudomonas fluorescens NBRC 15842 e — —_—
Candida albicans ATQC 10231, ref. 56013 Additional in-house microorganisms from the different pharma industries collection. R2A AEB523487 bioMérieux
Pseudomonas aeruginosa ATCC 9027, ref.56017 The diff q b J listed in the table 1 ) 43691 DoMéreux

e different disposables used are listed in the table 1: Culture media -
Staphylococcus aureus ATCC 6538, ref. 56019 p CountTact SOAGP a1 HoNérou
Cellulose acetate filters 11106-47-ACN Sartorius
plain filters PVDF filters. HVWP047S6 Millipore
MicroFunnel filters 516-8963 Pall

Table 1: Disposables used in the study
* EVISIGHT™ COMPACT EVALUATION

Filtration applications were tested using R2A plates with the 3 different filters spiked with 3 microorganism concentrations (5, 25 and 50 CFU/test), each condition tested in five replicates.90 mm and contact plate applications were
tested with direct inoculation of 3 microorganism concentrations (5, 25 and 50 CFU/test), each condition tested in five replicates.
Incubation temperature were set according to pharmacopoeia. Maximum incubation times were set until optimal growth for easy detection by human eye.

* STATISTICAL ANALYSIS
EviSight™ compact performances were established from results obtained by four pharmaceutical industries using suitable statistical tests. EviSight™ compact enumeration was compared to operator-visual enumeration.

RESULTS AND DISCUSSION

* GROWTH KINETIC AND “GO BACK IN TIME” FEATURE

* PRECISION

The EviSight™ compact system runs a high magnification technology enabling detection of microorganisms
in their early stages of growth when they form microcolonies that are invisible to the naked eye (between 30

For both EviSight™ and manual enumeration, for each concentration level, repeatability is expressed thought
standard deviation and coefficient of variation (table 2). Statistical comparison of repeatability variances obtained

and 250 pm). As a real-time incubator and analyzer EviSight™ compact pictures the incubated plates every 30
minutes and powerful algorithms interpret microorganisms (micro)colonies growth. The system then deliver, for
each plate incubated, a growth curve kinetic as illustrated in figure 3.

with both enumeration methods was performed using the Fischer test (alpha = 5%) for each concentration level.

EviSight™ compact
repeatability estimation

Manual Count repeatability
estimation

System n°2, Well n°2

+ 59 Target
§ conc :;(\’1 CV (%) :;“’, CV (%) | p value Conclusion
° (CFU)
o 39
_> g', / 3.33 %7 51.9% 3.58 49.8% 0.4278  NO STATISTICALLY SIGNIFICANT DIFFERENCE
E 20 25 21.14 46 21.8%  21.98 47 21.2% 0.4703 | NO STATISTICALLY SIGNIFICANT DIFFERENCE
-é / 39.92 8.8 22.1% 42.20 9.3 22.0% 0.3683  NO STATISTICALLY SIGNIFICANT DIFFERENCE
.. B g .. g X K NO STATISTICALLY SIGNIFICANT DIFFERENCE
00:00 05:11 10:22 15:34 Contact 5 328 19 578% 323 19 58.6% 05
| t 25 18.35 46 25.3% 19.34 4.4 23.0% 0.3451 NO STATISTICALLY SIGNIFICANT DIFFERENCE
< M plates
Time (HOul’S.MlnuteS) 50 35.77 6.0 16.8% 37.03 5.2 14.2% 0.1005 NO STATISTICALLY SIGNIFICANT DIFFERENCE
Figure 3: C.albicans growth curve
5 4.86 29 60.2% 4.42 27 60.9% 0.2988 NO STATISTICALLY SIGNIFICANT DIFFERENCE
As the system record the successive images of each plate, it's possible to look microbial growth at different times & 2y | el | 2eh | A | 51 245% | 04728 | NOSTATISTICALLY SIGNIFICANT DIFFERENCE
of interest (before colonies swarming, pigmentation...). 50 4473 74 164%  44.05 6.9 15.7% | 0.3335  NO STATISTICALLY SIGNIFICANT DIFFERENCE

The figure 4 illustrates this “go back in time” feature for a swarming mold.

72h 58h 38h 33h 28h

Table 2: Precision estimates and statistical comparison of EviSight™ compact and manual enumerations

Precision is demonstrated as all repeatability variances were shown to be statistically comparable between
EviSight™ compact and manual enumeration.

* NUMERATION EQUIVALENCE OF EVISIGHTTM COMPACT AND MANUAL COUNTS.

Results obtained from EviSight™ compact and manual numeration, for all concentration, were plotted together
and a linear regression was performed (figure 6).

Figure 4: A.brasiliensis growth on contact plate monitored at different incubation times

90 mm plates reading Contact plates reading Filters reading

Color by
Microorganism
@ A brasiliensis
@ B. subtilis
@ C. albicans

M. extorquens
@ M. radiotolerans
@ P. aeruginosa
@ P. fluorescens

* EVISIGHT™ COMPACT TRUENESS

The enumeration results from EviSight™ compact and manual were compared using a boxplot graphical
representation (figure 5).

This allows to visualize distribution characteristics of a quantitative variable.

3

y=0.06 +(0.96 * x)
9

y=-040+(0.99"x)
12=0.9 2=0.96

y=0.76 + (100 x)
2=099

120

EviSight compactTM count (CFU)

90 mm plates reading Contact plates reading Filters reading @500 CFU @ 5. aureus
10 o @ S. maltophilia
100 Straight Line Fit:
F=Medam — Straight line

20

80
=)
o 70
S}
2% 1
=
3 s0
3 0 20 40 60 80 100 120 0 20 40 60 80 100 120 O 20 40 60 80 100 120

40

Manual count (CFU)
30
Figure 6 - Linear regression of Evisight enumeration results versus mean of manual plate counts
20 | - = = B
& .
10
= = —‘.,1 :_\, : ﬁlg _“ All regression analysis show a coefficient of determination r? greater than 0.9, a slope of the line of the best fit
e 7 o ' ‘ ‘ lying between 0.8 and 1.2 and a y-intercept close to zero.
500 25.00 50.00 5.00 25.00 50.00 500 25.00 50.00 As there is no statistical difference of count between both methods, EviSight™ compact and manual

Figure 5: Boxplots of microorganisms counts obtained with EviSight™ compact (left side of the pair) and manually (right side of the pair) enumerations are demonstrated equivalent.

EviSight™ and manual methods show similar enumerations

Health and personal care products are closely reviewed by regulatory agencies as they involve patient / customer safety.
In particular, microbial monitoring of raw materials, manufacturing environment and products is critical. Petri dishes
traditional microbiology with operator-visual enumeration is still a reality in pharmaceutical industry but subject to human
mistakes hard to justify. EviSight™ compact system provides you an automated analysis of your petri dishes and microbial
enumeration in a real-time fashion. Performances of this system were demonstrated in terms of trueness, precision and
equivalence to visual enumeration with in-house real-life pharmaceutical industry studies. Moreover, the real-time monitoring
of microorganisms growth allow to generate growth curve and analyze previous images, a valuable tool for investigations.

*USP 40 - NF 35 -
Chapter <61>, Chapter <1231>,
Chapter <1223> and official monographs
on water

*PE9 - Version 9.3 -
Chapter 2.6.12, Monographies
«eau pour préparations injectables» et
«eau purifiée», Chapter 5.1.6

* JP 17 - Chapter 4.0.5, Chapter G8, Chapter G4

. PDA Technical Report 33



Development of R2A Media Optimized for Pharmaceutical Grade Water
and Evaluation of Automated Water Testing Using the EviSight™ Compact
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RODU

R2A 3P? s a line extension of the existing 3P® product range. Therefore, this is an irradiated double wrap product, with flexible storage (2-25°C), extended shelf-life (6 months), and moisture/dehydration management. Based on
R2A medium developed by Reasoner and Geldreich, R2A 3P® detects microorganisms that dwell in highly stressed environments, such as pharmaceutical water systems, and can be used for stressed microorganisms requiring

low nutrient media for optimal growth.

The formulation and performance standards of R2A 3P® were designed to be compliant to the Pharmacopoeia recommendations [EP 9, JP 17, and USP 40] for R2A water testing. Additional regulatory guidance and peer-reviewed
publications were referenced for product development and validation. The growth performance of the newly developed R2A 3P® was compared to commercially available media and included both Pharmacopoeia and environmental isolates.
The EviSightTM Compact automated incubation and enumeration instrument uses high-magnification digital imaging technology for detecting colonies at early stages of growth (20-50 pm). Pictures are taken every 30 minutes.
The system is designed to deliver data integrity and full traceability. This study evaluated R2A 3P® using the EviSight Compact and Pharmacopoeia isolates after standard filtration at minimum and maximum incubation times to

determine feasibility for automated water testing.

MATERIALS AND METHODS

* TESTED PRODUCTS

RESULTS AND DISCUSSION CONTINUED

* TESTED PRODUCTS

The R2A 3P® media developed at bioMérieux and other culture media used in this study are detailed in Table 1.

bioMérieux Description
Item No. :

M1065 R2A Non-irradiated control

421986 R2A 3P® Irradiated; 2-25°C storage; 6 month shelf-life
NA Media A* Irradiated; 2-8°C storage; 3.5 month shelf-life
NA Media B* Irradiated; 2-8°C storage; 4 month shelf-life

Table 1: Culture Media used in this study *Commercialy available R2A media

* LIBRARY OF TESTED MICROORGANISMS

A total of 70 microorganisms were used in this study and were sourced from commercially available and internal
library collections and included wild isolates obtained from pharmaceutical manufacturers.

* GROWTH PROMOTION TESTING

Growth promotion was evaluated with the panel of 70 strains. The microorganisms were prepared using a fresh
cell suspension or BioBall® format. A target of <100 cells were used for all microorganisms. The cells were
either applied directly to the test media using a spiral plater or were filtered through a 0.2 um PES membrane.
Performance testing was run in duplicate for both stressed (1 day at 2-8°C in sterile purified water) and non-
stressed organism testing.

Plates were incubated at 30-35°C for USP/PE recommended and environmental organisms and at 20-25°C for
JP recommended organisms for 3 to 7 days. Colony counts were performed using an automated colony counter.
Acceptance criteria for microorganism recovery was between 50 — 200% compared to non-irradiated R2A
controls.

* EXUDATION

R2A 3P® was evaluated for condensation/
exudation inside and outside the plate and
packaging over the shelf-life of the product
using the qualitative and quantitative scale
outlined in Table 2.

0 - Dry No fog, condensation or droplets

Moist lid or with humidity area, no separate drops

| =Contteziion and/or droplets size < 1mm

Acceptance criteria was established to be

<2 on the lid and <1 in the sleeve. 2 —droplets. Separate droplets size = 1 mm, and <4 mm
3 — Drops Several big separate drops
4 - Water No separate drops, puddle of water in the lid

Table 2: Exudation scale

* DEHYDRATION

The newly developed R2A 3P® media was designed with a deeper fill volume (25 mL) to withstand extended
incubation periods required for retrieval of stressed/slow growing organisms.

Dehydration was assessed over the shelf-life of the product using the scale shown in Table 3.

Acceptance criteria was established to be <10% of minor shrinkage/cracks of total samples tested.

3 - Retraction
from side
2mm

OO

Table 3: Dehydration scale

4 - Retraction
from side
>2mm

2 - Meniscus
break

3 - Cracking

4 - Cracking

<2mm >2mm

* EVISIGHT™ COMPACT

Growth of Pharmacopoeia microorganisms (after standard filtration)
on the EviSight Compact instrument (Figure 1) was evaluated

at minimum and maximum incubation time on R2A 3P.

Two filter types were used to determine feasibility and included:

« Millipore™ - 0.45um polyvinylidene fluoride (PVDF)

« Pall® - 0.2pm polyethersulfone (PES)

Figure 1: EviSight™ Compact Instrument,
Single incubator

RESU AND DISCUSSION

* GROWTH PERFORMANCE — STANDARD INOCULATION AND FILTRATION WITH STRESSED ORGANISMS

Growth promotion was evaluated on R2A 3P® and commercially available irradiated R2A culture media with a
total of 70 microorganisms.

Growth promotion using membrane filtration was evaluated on R2A 3P® and commercially available irradiated
R2A culture media with a total of 11 stressed microorganisms.

Figure 2 clearly illustrates R2A 3P® having better growth performance as compared to commercially available
irradiated R2A media. R2A 3P® has the highest growth recovery rate without recorded failures for all
microorganisms tested, whatever the inoculation method.

The growth promotion results for the Pharmacopeia microorganisms (Table 4) show acceptable (50-200%)
recovery for all tested media with R2A 3P® and Media B showing slightly better performance compared to Media A.

A total of 62 environmental isolates were tested for growth promotion. Only R2A 3P® was able to successfully
support 100% recovery within acceptable limits. Table 5 details the isolates that R2A 3P® was able to detect
compared to other commercially available R2A media. The results indicate the importance of including a wide-
range of water and environmental microorganisms in product development.

0% 0% 0%
100% % 2%
8 8%

90% _ 16%

80%
70%
60%

W< 50%

50% >50% to <75%

40% u>75%
30%
20%
10%

0%

Standard | Filtration | Standard | Filtration | Standard | Filtration

R2A 3P Media A Media B

Figure 2: Growth performance consolidated recovery rate of R2A 3P® other irradiated R2A media, direct inoculation and Filtration with
stressed organisms

emp % Recovery Rate
_RoASP" | MediaA | MediaB |

% Recovery of Pharmacopoeia Organisms at 50-200% 100% 100% 100%
% Recovery of Pharmacopoeia Organisms at >75% 100% 70% 100%

Table 4: Pharmacopoeia organism recovery, R2A 3P° vs. other irradiated R2A media

% Recovery Rate
96 24

102

106 94 42
154 88 27
110 113 0
76 93 0
148 55 39
86 82 42
117 1 14
117 110 0
107 104 0
145 106 0
152 131 0
162 112 0
123 112 0
84 82 1

Table 5: Environmental organism recovery at <50%, R2A 3P® vs. other irradiated R2A media

To further illustrate growth and recovery:

- Figure 3 is an example of an environmental isolate on control and tested media,
- Figure 4 shows equal or better performance of R2A 3P® compared to non-irradiated R2A control, with the

filtration method.
@ 'v‘

Non-irradiated R2A R2A 3P® Media B
Figure 3: Enterococcus faecium 201402002 after 2 days incubation at 30-35°C

Non-irradiated R2A R2A 3P® Media A
Figure 4: Pseudomonas aeruginosa ATCC 9027 after 3 days incubation at 30-35°C

Media B

* EXUDATION

SHELF LIFE

During stability shelf life testing, results from condensation/ seaNNAG

exudation monitoring show that R2A 3P® conforms to the
required qualitative and quantitative scoring scale: <1 for sleeves
and <2 for plate lids (Figure 5).

Figure 5: R2A 3P® exudation sleeve
and plate lid scoring over shelf life
SHELF LIFE / . SHELF LIFE
END MIDDLE
+  2.8Csleeve .
4 15-25°CSleeve a

28°Clid
15-25°CLid

+ DEHYDRATION

100%

Stability testing for dehydration with extended incubation
time during and up the end of total product shelf life show
that R2A 3P® meets the required standards for optimal
culture medium integrity at <10% of minor shrinkage/
cracks of total samples tested (Figure 6).

90%
80%
70%
60%
. ming: <2mm
Shinkage / Cracks

= Conforming: Intact /
Meniscus Break

50%
40%
30%
20% Figure 6: Dehydration evaluation for R2A 3P® over shelf life
10%

0%
BEGINNING END
HELF LIFE

* EVISIGHT™ COMPACT

The EviSight Compact feasibility
testing with R2A 3P® show

Min / Max Colony Forming Units
incubation | Manual | Evisight |

comparable results to manual - 36 hours 48 51
reading using both PVDF and 2 :‘:‘r’l‘l”"",'g::s I s 48 54
PES filter types (Table 6). The ATCg 9027 36 hours 48 40
results using the 0.2 um PES Pall 72 hours 48 45
filter from Pall showed the least 36h 41 41
variation between minimum and Millipore ours
maximum reading time points. Bacillus subtilis 72 hours 41 Al
The results support that R2A 3P® ATCC 6633 Bl 36 hours 38 36
is compatible with EviSight™ 72 hours 38 36
Compact.  Additional studies . 72 hours 65 64
are being performed including Pseudomonas LIS
. ) 5 days 65 67
mixed cultures to fully validate fluorescens
the media for automated water NBRC 15842 Pall 2liolis 2 2
testing. 5 days 27 27
W Milipore 2 43¥S 23 2
Mef;’f’g”’::;:;’""’ > 7 days 28 28
NBRC 15911 e | DCEE £ &
7 days 35 34

Table 6: EviSight™ Compact vs. manual enumeration results on R2A 3P® at minimum
and maximum incubation

As a premium 3P® culture medium with flexible storage (2-25°C), R2A 3P® was carefully designed and developed for optimal performance with
validation of consistent proven product performance up to the end of total shelf life (6 months).

The newly developed R2A 3P® showed equal or greater growth performance as compared to non-irradiated R2A and commercially available
irradiated R2A media. R2A 3P® was the only tested medium able to successfully support growth recovery of 70 microorganisms. The results
illustrate the importance of inclusion of environmental and stressed microorganisms during product development.

R2A 3P® is compatible with EviSight™ Compact allowing users to validate automated water testing with full data integrity and traceability.
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Validation of a Rapid Sterility Test — Implementation Strategy and

Perspective from a Contract Service Laboratory
C. Fromm, S. Gartner, Dr. T. Meind|, Labor L+S AG, Germany

i i ination in sterile pt ical manufacturing remains a great risk to patient safety. Thus,
examination for sterility is often the final criterion for a batch approval.

In line with the development of new, complex pharmaceuticals with short half life (ATMPs, proteins, etc.) the compendial
14-day test according to Ph. Eur. 2.6.1 and USP <71> is not appropriate. Thus, especially for these compounds,
alternative rapid methods need to be implemented.

The Development and use of these alternative methods is well supported by relevant authorities (e. g. PEI, FDA).

One of the most important prerequisites for approval is an appropriate validation of the alternative method, showing
equivalence to the compendial test method.

Since there is no single technology suitable for any sample matrix, various technologies are available for various
matrices. For samples not containing natural ATP, ATP bioluminescence measurement by means of Charles River’s
Celsis® AMPiScreen technology is well established. For samples containing ATP, a suitable established method can be
BioMerieux BacTAlert® system which uses another ubiquitous cellular marker.

Goal of this project was to demonstrate the equivalence of an alternative, rapid method for sterility testing to the
compendial, pharmacopeial method on a broad spectrum of sample matrices. With this alternative methods, a broad
spectrum of pharmaceuticals (and medical devices) can be tested for sterility fulfilling all requirements of the respective
authorities and saving at least 50 % of time for test performance.

Validation Strategy

Well accepted validation requirements for alternative methods are described in:

« Ph. Eur. 5.1.6: Alternative methods for control of microbiological quality
« USP <1223>: Validation of Alternative Microbiological Methods
« PDATR No 33: Evaluation, Validation and Implementation of Alternative and Rapid Microbiological Methods

Based on these sources a validation strategy was ped comprising of the following parameters:

Parameter Ph. Eur. P <1223> PDA TR n

Spet y yes Detection and identification of all tested
microorganisms

Equivalence to the traditional method

Detection yes

repeat precision Precise results of the alternative method
Correctness Correct results of the alternative method
Robustness No influence of deliberately incorporated
variations
Insensitivity No influence of unavoidable variations
Equivalence y y Equivalence to the traditional method
or com- (making use of (making use of with use of various products

parison test products) products)

Results
Statistical backbone

Results were evaluated using a x? strategy. The acceptance criterion was calculated to be x? < 3.841 (critical value for
the 5 % significance level).

Detection Limit
The detection limit was determined by testing both methods in parallel.
To reach statistical safety the following experiments have been performed (in total 720 independent experiments)

m Number of positive = Number of negative Total
results results

Alternative method
Standard method
Total

The calculated 2 value of 0.090 is < 3.841; thus, the acceptance criterion was fulfilled

Equivalence test

In the presence of various product matrices (parenteral solution, electrolyte solution, product to be dissolved, oily
product, product containing dye) the equivalence of the compendial and the alternative method was tested.

Results:
Prerequisite method suitability test: no interferences such as falsely positive or falsely negative results were determined
Comparative results:

Number of positive Number of negative Total

results results
Alternative method

Standard method
Total

Calculated x2 value: 0.00 is < 3.841, acceptance criterion was fulfilled.

Summary/conclusions

A straight forward validation strategy fulfilling i ional
A successful strategy in three steps was demonstrated:

regulatory requi its is st

1. General method validation without products (compare both methods); broad scale general equivalence
study

Method suitability test using products (alternative method only); general system suitability test
Equivalence test using products (compare both methods); matrix specific validation, showing system
suitable for a broad range of samples with different matrices

2.
3.

Greater than 1500 tests were needed to demonstrate the equivalence of the alternative and the compendial
method. Since this broad scale approach of the study was performed, for any suitable matrix a compendial

suitability test of the samples matrix has to performed only. Thus, based on the preliminary work, a product

specific implementation of the alternative method can be performed in the same time as for the compendial
method.

Methods

In this project, an ATP bioluminescence technology (Charles River's Celsis® AMPiScreen) was performed. This method
detects microbial derived ATP in the sample via an automated luciferin-luciferase enzyme reaction system.

The underlying principle of the examination is in accordance to Ph. Eur. 2.6.1 and USP <71>, since membrane filtration
and direct inoculation can be used. In the project, membrane filtration was performed. The only difference to the
compendial evaluation by the human eye is an automated detection by means of ATP bioluminescence.

Membrane filtration

Process steps of classic membrane filtration based sterility testing (Ph. Eur. 2.6.1 and USP <71>):

1. Product filtration
2. Transfer of incubation media, followed by incubation
3. Visual examination after 14 days

Negative
controls
14 days
—_— »
incubation 3 } aerobic
aerobic .
anaerobic
[http:iwww.merckilipore.com/DE/en/20150714_171730] TSB FTM
Soybean- Fluid
Casein Thio-

Digest glycolate
Medium Medium

Examination

Replacement of visual inspection by two technicians by automated, audit trail controlled examination.

Compendial method Alternative method

Macroscopic evidence of
microbial growth

Measurement of luminescence

Principle of AMPiScreen Technology:

Injektor 1 Injektor 2 Injektor 3

Sample « Addition of « Cell lysis * Luciferin/luciferase
ADP « ATP amplification reaction

* bioluminescence
AK
2ADP —> AMP + ATP
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