Technical Report No. 33 (Revised 2013)

Evaluation, Validation and
Implementation of Alternative and

Rapid Microbiological Methods

.= A °

Parenteral Drug Association




PDA Evaluation, Validation and Implementation of Alternative and Rapid Microbiological Methods
Technical Report Team

Authors

MichaelJ. Miller, Ph.D., Microbiology Consultants, Davidjones, Ph.D., Rapid Micro Biosystems

LLC (Task Force Leader) Richard Levy, Ph.D., PDA

John Albright, bioMerieux, Inc. ) L
Daemon Lincoln, Ph.D., DL2 Limited

Claude Anger, CBA MicroEnterprises
Patrick McCarthy, Millipore Corporation
Dilip Ashtekar, Ph.D., Consultant
Patrick McCormick, Ph.D., Bausch & Lomb, Inc.
Peter Ball, Ph.D., Pall Life Sciences
Jeanne Moldenhauer, Excellent Pharma Consulting
Joseph Chen, Ph.D., Genentech Inc.
. Paul Newby, Ph.D., GlaxoSmithKline
Steve Douglas, Hospira, Inc.

William Fleming, IIL., Ph.D., DosDocs Company, LP Bryan Riley, Ph.D., US Food and Drug Administration

Ren-Yo Forng, Ph.D., Medlmmune, LLC Miriam S. Rozo, Johnson &Johnson

Gary Gressett, Excellent Pharma Consulting Heather Wilson,Jubilant HollisterStier, LLC

JianpingJiang, Instant BioScan, Inc. Elizabeth Yo ung, Formerly of Baxter Healthcare, Inc.
Robertjohnson, Ph.D., Dialogue Pascal Yvon, AES - Chemunex, Inc.
Contributor

Oliver Gordon, Novartis Pharma Stein AG

DISCLAIMER: The content and views expressed in this Technical Report are the result of a consensus achieved by the

authorizing Task Force and are not necessarily views of the organizations they represent.



Evaluation, Validation
and Implementation of
Alternative and Rapid
Microbiological Methods

Technical Report No. 33 (Revised 2013)

ISBN: 978-0-939459-63-6
©2013 Parenteral Dreg Association, Inc.

All rights reserved.

Parenteral DrugAssociation



1.0

2.0

3.0

4.0

Table of Contents

INTRODUCTION.............oo 1
1.1 Scope and Purpose of the Technical Report ... .1
1.2 Overview of Technical Report Structure.......... 2
GLOSSARYOFTERMS................c...ooiii 3
CLASSICAL MICROBIOLOGY AND THE MOVE
TOWARD ALTERNATIVE AND RAPID METHODS5
3.1 Classical Microbiological Methods.................. 5
3.2 Introduction to Alternative and Rapid
Microbiological Methods.............................. 6
3.3 Regulatory Perspectives................ccc...coooonn 6
3.3.1 United States.............cc.cooiiiiiie 7
3.3.2 EUrOPE.....ooooiieee e 8
3.3.3 Japan and Australia................................ 9
3.3.4 Rest of World (ROW)..............coooiiin 9

3.3.5 When an RMM is Approved by One
Regulatory Authority

But Not Another...................coooevi 10
3.4 Business/Economic, Quality and Technical
Considerations...............cc.cooeieiiiiiiic 10
3.4.1 Business and Economic Considerations. 10
3.4.2 Quality Considerations............................ 11
3.4.3 Technical Considerations....................... 11
3.5 Risk Analysis...........ccoooviviiiiiiiiiiie, 12
3.6 Vendors, Suppliers and Audits....................... 12
3.7 Automated Methods.....................coooil 13
TECHNOLOGY REVIEW...................ccooiii 14
41 Growth-based....................cooooiiiii 14
4.1.1 Electrochemical Measurement.............. 15
4.1.2 Detection of Carbon Dioxide (C02).......... 15
4.1.3 Utilization of Biochemical and
Carbohydrate Substrates....................... 15
4.1.4 Digital Imaging and Auto-fluorescence
of Micro-Colonies..................ccoeeeeii 15
4.1.5 Fluorescent Staining and Laser
Excitation of Micro-Colonies................... 15
4.1.6 Use of Selective Media for the
Detection of Specific Microorganisms.... 16
4.1.7 Measurement of Change in
Head Space Pressure...................c.......... 16
4.1.8 Microcalorimetry.............c....ccoooveiiinn, 16
4.2 Viability-based.....................ooccii 16
4.2.1 Flow Cytometry..........c...cooeiiiiiii, 16
4.2.2 Laser Scanning Solid Phase Cytometry.. 16
4.2.3Direct Epifluorescence Filter Microscopy 17
4.3 CellularComponent-based........................... 17

4.3.1 ATP Bioluminescence.............cc.ccoeeeeiii. 17

4.3.2FatyAcid Profiling.......................ocoe 17
4.3.3 Matrix Assisted Laser Desorption
lonization Time of Flight (MALDI-TOF)
Mass Spectrometry............cccccccooeeeennn. 18
4.3.4 Surface Enhanced Laser Desorption
lonization Time of Flight

(SELDI-TOF) Mass Spectrometry............ 18
4.3.5 Fourier Transform-Infrared (FT-IR)
Spectrometry.........cc.cooeiiiii 18
4.3.6 EndotoxinDetection............................... 18
4.4 OpticalSpectroscopy..........cooooeeeiiieiiiiiinnnnn. 18
4.4.1 Light Scattering/Intrinsic Fluorescence... 19
4.4.2 Raman Spectroscopy...........cccceevveviirnnn. 19
4 5Nucleic Acid Amplification........................... 19
451 Polymerase Chain Reaction (PCR).......... 19
4.5.2 Reverse Transcriptase (RT) PCR............. 20
453 Ribotyping.........ccoooviiiiii 20
454 Gene SeqUENCING.............coovveeviiieeiinnn, 20
455 PCR and MALDI-TOF
Mass Spectrometry...................oooeveee 21
4.6 Micro-Electro-Mechanical
Systems (MEMS)............oooooiiiiii 21
4.6.1 Lab-On-A-Chipand
Microfluidic Systems.............................. 21
4.6.2 MiCroarrays..........c.cccoovveieiiieeiiiiiiee, 21
4.6.3 Other Technologies.................cccccoeeennn, 21
5.0 THE VALIDATION PROCESS.............................. 22
5.1 Pre-Validation Activities................................. 23
5.1.1 Proof of Concept(POC).......................... 23
5.1.2 Assessment of Supplier Capabilities/
Supplier Audit................... 23
5.1.3 Business Benefits or Return on
Investment Considerations..................... 24
5.2 Validationof the Equipment,
Software and Method...........................o 24
5.2.1 Risk Assessmentand
Validation Planning................................. 25
5.2.2 User Requirements
Specification (URS).................cc..... 26
5.2.3Design Qualification (DQ)....................... 26

5.2.4Functional Design Specification (FDS).... 27

5.2.5 Requirements Traceability
Matrix (RTM)........ooooiiiiiiiiii 27

5.2.6 Standard Operating
Procedures (SOPs) and Technology

Training......c.ooooeieiecceee e 27
5.2.7 System Integration................................. 27
5.2.8Installation Qualification (1Q)................... 28

5.2.9Qperational Qualification (OQ)................ 28



5.2.10Performance Qualification (PQ)............... 28
5.2.11 On-going Maintenance and

Periodic ReVIeWS...............ccccooieeiiini 29
5.3 Establishment of Method Validation Criteria.. 29
5.3.1 ACCUIaCY........covviieiiiiiiieeee e, 31
5.3.2 PrecCision...........cocoovviiiiiiiiiiiii e 32
5.3.3Specificity..................c...cooi 33
5.3.4 Limitof Detection...............ccc...ccoeeen 35
5.3.5Limit of Quantification............................ 37
5.3.6 Linearity............ccccooiiiiiiii 37
5.3.7 RaANGE.......ccooiiiiiiiiii e 38
5.3.8 Ruggedness............ccoovevviiiiiiiiiiiee 38
5.3.9 Robustness.............ccoooiviiiiiiiii 39
5.3.10 Equivalence/Comparative Testing.......... 39
5.4 Suitability Testing............cc..ccooiiiii 41
5.4.1 False Positive Testing............................ 41
5.4.2 False Negative Testing............................ 42
5.5 Variability of Microbiological Methods:
Additional Considerations............................ 43
5.5.1 Preparation of Test Samples................... 43
5.5.2 Sample Distribution Error........................ 43
5.5.3 CellularArrangement............................ 44
5.5.4 Metabolic Activity................coooei 44
5.6 Validation of Microbiological Methods:
Additional Considerations............................. 44

FIGURES AND TABLES INDEX

Table 5.2-1 Validation Deliverables
and Responsibilities........................... 25
Table 5.3-1 Method Validation Criteria................. 30

5.6.1 Alternative and Rapid Endotoxin

Detection Methods..............ccccoiiiiinn 44
5.6.2 Unique Methods Requiring Additional or
Modified Validation Strategies................ 44
5.6.3 GuidanceonChanging
Acceptance Criteria............................... 45
5.7 Alternative and Rapid Microbial
Identification Methods.................................. 46
5.8 Alternative and Rapid Methods for
Mycoplasma Detection........................ccoo. 46

6.0 IMPLEMENTATION:
GUIDANCE ON SITE COMMISSIONING
VERSUS INITIAL VALIDATION.............oooii 48

6.1 Guidance for the Transfer of an Alternative or
Rapid Method from an Originating Qualification
Lab to a Separate Site/Manufacturing Facility48
6.2 Reduced Installation and Operational

Qualification at the Site................................ 48
6.3Performance Qualification at the Site............ 48

6.4 Implementation ofthe Alternative or
Rapid Method atthe Site............................... 49
TOREFERENCES......................oooiiiee 50



* ourmm A TR 2B AR IR R BB B

1.0 Introduction #tiA&

Microbiological testing plays an ever-increasing role in the pharmaceutical laboratory .In response to this,
a variety of alternative and rapid methodologies that automate existing methods, make use of surrogate
markers, or are based on wholly new technologies have emerged in recent years. These alternative
methodologies offer significant improvements in terms of speed, accuracy, precision, and specificity over
traditional, or classical, microbiology test methodologies.
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The majority of testing performed today relies on century-old, conventional methods based on the
Recovery and growth of microorganisms using solid or liquid microbiological growth media .This is true
in part because these methods can be appropriate for their intended use and have a long history of
application in both industrial and clinical settings .They often are limited, however, by slow microbial
growth rates ,the unintended selectivity of microbiological culture, and the inherent variability of
microorganisms in their response to culture methods. In spite of the limitations of classical culture
methods, acceptance of alternative and potentially superior methods has only started to gain momentum
with in the pharmaceutical, biotechnology, and medical device industries. The Technical Report Team
believes that the lack of clear guidance both on how to demonstrate the equivalence of alternative/rapid
methods to existing methods in a manner acceptable to regulatory agencies and on how to validate the
equipment associated with alternative/rapid methods is one impediment to the widespread adoption of
these methods.

PUAEAL P PR 28 K 22 B X3 MR 17 S 11 10 5 2108 P R 2 OSBRI Bt 2R 52 R
i&mﬁ&'f%ﬁﬁﬁiﬁﬁﬁi%,W%ﬁ%ﬁ&#ﬁﬁﬁﬁﬂﬁiﬂﬁ%fﬁﬁ%iﬁﬁﬁ
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R 24 75 V2555 R LA R AR AR 96 BT 5 V2 ) e A BT T TR o, BELRS IR 8T VR T R

Considerable guidance can be found regarding the validation of chemical methods. Examples include
USP General Informational Chapter<1225>Validation of Compendia Methods and the International
Conference on Harmonization (ICH) guideline Validation of Analytical Methods (1,2).These publications
provide very specific instruction regarding the demonstration of alternative analytical chemistry methods
and their equivalence to existing methods. Chapters introduced by the compendia, including USP General
Information Chapter <1223> Validation of Alternative Microbiological Methods, and Ph. Eur.
Informational Chapter5.1.6 Alternative Methods for Control of Microbiological Quality, provide
guidance on the steps needed to validate an alternative microbiological method (3,4). However, additional
guidance is needed ,as an understandable and holistic approach to the qualification and implementation of
novel alternate microbiological methods, including rapid microbiological methods, still does not exist that
would satisfy all regulatory agencies.

A AR T4 2 50 i TR R, B AnUSP— A5 B 51T <1225> 1 24 7 VR B UE RITCH 2 A
B ATIHAERAE (1, 20 o IXEEHRRCCIR W UE W BT A6 25 20 A vk S BT 7 i A MR SR 1t T
PRV o A5 25 UM A5 B 58 <1223 >3 B AQGA RS0 AIE AN 24 S (14 585 5. 1.6 75 15 - 12 1l il
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The original PDA Technical Report No.33 was published in 2000 to fill this void. Industry, compendia,
and regulatory developments since then, however, have necessitated this update to the guidance .The team
believes that this revision is timely and will provide additional guidance to assist with the evaluation,
validation, and implementation of the alternative microbiological methods.

H20004EIPDASE33 5 H R 5 AR BTHN 745 H o ARIMAIBINGES, TNl R, WA ik e 1%
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This Technical Report was developed as a collaborative effort amongst representatives from alternative
method suppliers and vendors, the pharmaceutical, biopharmaceutical and medical device industries, and
regulatory agencies. It is intended to provide a comprehensive approach to the introduction of alternative
microbiology methods in a government-regulated environment. It is anticipated that by providing agreed
upon performance standards, the development, qualification and implementation of alternative
microbiological methods will be greatly accelerated.

AEARTCA I OB T EBE N R, 25 BT e AT, ARAEZL SR A LA IR ) 55 ) N o 'S
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1.1 Scope and Purpose of the Technical ReportHi AR & KE B 1 B i)

This Technical Report is intended to provide guidance for the successful evaluation, validation, and
implementation of alternative and rapid microbiological methods needed by the pharmaceutical,
biotechnology and medical device industries to assure product quality. Applications for these methods
include, but are not limited to, the testing of microbial limits, sterility, and antimicrobial effectiveness;
microbiological monitoring of clean rooms and other controlled environments and water for
pharmaceutical purposes; microbial characterization and identification; and microbiological in-process
control testing.

ACEARAR 1) F 2 A BRI 25 . AR« BT sl ORI ™ it BT I s 2 T 1) DR it 2 4
TIN5 V2 1) T VP A« 36 UE R St S (P v o X T 1) I FH A R AEAN B T3 A A PR B K. TGP
WA PO, S AR AT A P Ml )25 K, DU E i R
Ly Buw et il malll B

The Technical Report Team authored this document for microbiologists responsible for the validation of
the microbiological test methods used in the routine microbiology testing laboratory; the document also
should be of interest to suppliers of testing equipment, microbiology managers and supervisors, validation
specialists, quality control personnel responsible for the approval of validation protocols and the release
of product and regulatory agencies.

XA R K H 3ot G R A R S 56 4 S SR P A Bl A A O B AT SR R A )
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1.2 Overview of Technical Report StructureB RIR & ) S5 MR

This Technical Report was written to establish industry-wide criteria on what constitutes an acceptable
alternative/rapid microbiology test to the compendial or classical method and how to prove it to the
satisfaction of quality organizations and regulatory agencies.

BRSO A T @A T YR A (AR, Sk 2 SORIRN 22 (R A R A1 — A T B 32 1 m i B 11 32
EPREART I J7 i,  JFHR S A ATk B A B i 4 P UM LA 25K

The Technical Report Team arranged the guidance in such a way as to describe the technical, quality,
regulatory, and business attributes of alternative and rapid microbiological methods, the scientific basis
for available technologies, and an efficient process for the validation and implementation of such
methods.

FOARFR 5 9 T BA XS RT3k £ B RIS R A I T VR IR L e s A8 FI DA R s s 1 ok 2 A
A IR R PRI LT VRI0UE St o 2 PR AT R A A 1

2.0 Glossary of Terms Rigz
Accuracy#ERtE
The closeness of the actual test results obtained by the new method to the actual test results obtained by

the existing method.

FUB 5B G5 S b A 2 18] (B R

Alternative or Rapid Microbiological Method(RM M) T 154 [ 55 de 1 4k 25 kel 5 vk

A novel, modern and/or fast microbiological testing method that is different from a classical or traditional
growth-based method, such as agar-plate counting or recovery in liquid broth media. The alternative or
rapid method may utilize instrumentation and software to manage the testing and resulting data, and may
provide quantitative, qualitative and/or microbial identification test results. Automated technologies that
utilize classical growth-based methods may also be designated as being novel, modern or rapid, based on
their scientific principle and approach to microbial detection. The terms alternative, rapid microbiological
method, rapid method and the acronym RMM are used interchangeably within this technical report.
—ANHTE s DA AN/ s bR A B AR U B 75005, AN T4 SR A G R B SR B R IR AR K TV
BN BRNE PR T B A E A B o P E R BRI 735, mT DUR SRS R B P ™ A
g, JFrrsefe s, ETER/ERAED S IR A R . A SRR IR N FEAL Y A s Bk
T3 AT AR T8 4 AT B . IRACH R ) o BE T ATT AR S BRI A I T v . AR
W, PEYI TE,  POEE A S RMMAE A AR S A8 A H

Equivalence/Comparative Testing%4%/%} ELiR 5
A measure of how similar the test results are when compared with the existing method.

LA 5 EEAN R, DR 2 TN R K 45 2R S B A AR I

ExclusivityHEsMi:
The capacity of an assay not to detect microorganisms closely related to a target microorganism.

Kl A2 5 HAR AL RO FICEYIRIRE ) -
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False NegativefB Bi ¥
A test result that is erroneously classified in a negative category (e.g. the absence of a viable Microbial

detection result when viable microorganisms are present).

R HTER AR (B, AR R I, SO R I B4 AE AT I E DD

False Positivefi FH £
A test result that is erroneously classified in a positive category (e.g. a viable microbial detection result

when viable microorganisms are not present).

R BH PRI SG R (B, A D BATE MR A0 N I 05 (S22 28D o

Inclusivity @&t
The ability of an assay to detect a target microorganism.

VPO A A 5 F RS A= P v el g

Intermediate Precision [A] X5 % &

The precision within the same laboratory using different analysts, equipment, reagents and/or on different
days.

SEARAEAR RS20 % T AR AR 03 ANIRIROASCES < AN R PR S B 70000/ A ] FRT IS ] 1Y 5 SRR
I 45 R AR S

Limit of Detection(LOD)# | FR
The lowest concentration of microorganisms in a test sample that can be detected, but not necessarily
quantified, under the stated experimental conditions.

FERUE IR A AE R, mT UGN 2 PP A it ) S AR A IR L, B AMEA— S 2R AL

Limit of Quantification(LOQ)E =R
The lowest number of microorganisms in a test sample that can be enumerated with acceptable accuracy
and precision under the stated experimental conditions.

FERURE I ZPE T s At BERRIN 21 e /RO AF 45 R o RIS L R B B B

Linearity2k 1t
The ability to elicit results that are proportional to the concentration of microorganisms present in the
sample within a given range, where accuracy and precision are demonstrated.

R 22 SR A ity T Bl AR T ) L A8 e A5 A 4 5 Y BB Y PR B8 0 5 3 P FRDRG R RN A M Y A 48 i
.

Precisionfg &
The degree of agreement among individual test results when the procedure is applied repeatedly to
multiple samplings of the same suspension of microorganisms and using different suspensions across the
range of the test .Also known as repeatability.

P [R] A A M0 e ) BT A PRI L P ) 9 A TR] R 0K B S BB A DU 1) & 2R 1 —
B AR TSN,
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Rangey [
The interval between the upper and lower levels of microorganisms that have been demonstrated to be

determined with accuracy, precision and linearity.

M HEAAE O RURTEE . AERPERANE R A0 T, Al B ERAT R BRZ IR i) — o i

Reproducibility I 1%
The precision between laboratories, for example, through collaborative studies.

SEARTEANR S0 %, Bl S AEDEIT, 73 2R IR B .

Robustness&-#= 1

A method's capacity to remain unaffected by small but deliberate variations in method parameters and
provides an indication of its reliability during normal usage.

FEARIT IS HU I T /N HEE TS FE BRIy, W ) AN 50 o R LA I 73 i R )
ARSI -

Ruggednessifi F 1
The degree of intermediate precision or reproducibility of test results obtained by assessing the same

samples under a variety of normal test conditions.

FEARH RIS 2 PE &, X [R] - i RSN 45 R 1) m TRDRG o A S BLE R RE S

Specificity % B
The ability to detect a range of microorganisms, which demonstrate that the method is fit for its intended

use.

RWIZy PHAE TR, T DI — R A g

3.0Classical Microbiology and the Move Toward Alternative and Rapid Methods

2 PR AE ) 5 B PTG R B DR 7 T A R R

3.1 Classical Microbiological Methods

S RHBEWITIE

Classical pharmaceutical microbiology methods and strategies are comparatively simple techniques
encompassing little technology and limited in their scope of detection. Methods for the detection and
enumeration of bacteria , yeast , and mold have been appropriate for a variety of applications, including
sterility testing, microbial limits, antimicrobial or preservative effectiveness, environmental monitoring,
bioburden and microbial identification, to name a few. Biopharmaceutical production processes based on
biotechnology and the use of cell cultures also require the industry to test for the presence of other
adventitious microbiological agents, such as viruses and mycoplasma, in finished product, in-process
samples and cell line/fermentation processes. Many of these microbiological testing methods have served
the pharmaceutical industry for almost four decades, a period of growth in complexity and quantity of
manufactured drug products.

2 W 2 I E TR R B AT T SR BOR, T8 B S BAR A VS AT B 4T 1%
BERR R B B AR AT B8O A 2 RN, SRR E AR SRR . 90 70 s 8 7 AL RE
B A« ) SR RO B 00 A8 o T AR AR A0 15 577 1) A Ot A T2 AR SR AR
Bt P ERE it R Y 2/ I T NSRS E AT A, IR EE A S i o JLrh VR 23 ke
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Each of the above mentioned microbial tests are all considered as "growth-based" techniques that have
primarily relied on three basic nutrient media for detection of significant microorganism
contamination—Trypticase Soy Broth/Agar (developed by NASA in the 1960's) for aerobic bacteria ,
Sabouraud's Dextrose Broth/Agar for fungal growth (developed in the 1940's), and Fluid Thioglycolate
Medium (also developed in the 1940's) for anaerobic microorganisms . These three media combined with
the "aerobic plate count" method, published in the 1965 United States Pharmacopeia (USP) XXI-1V, have
provided the basis for quantitative microbial challenge assays for microbial safety and quality product
release, validation of in-process microbial tests, and sterilization validation for pharmaceuticals and
medical devices in the twentieth century. The precision , accuracy, and standard error of these classical
microbiological methods have been affected by the distribution of microorganisms in the test samples,
cellular arrangement , sample dilution , and the plate count method itself such that the antimicrobial or
preservative effectiveness test error is +0.5 logarithm (5) and standard plate count errors can range from
18% t 0 100% (error as % of the mean counts ) when the mean number of colony form in g units per plate
is 30 to 1, respectively (6).

DAL A3 A s R B DN Ok S DA T AR D5 9 AR A A BRI R R, 2 OB = R BEACE TR BT LA
R e 5 - F - S R IR A 1 K SR R /B iR (1960 FINASAWTD TR K
I R 27 R A 26 W B SR B i (19407 WD LUA T~ DRAUH RV 3Rk LR B 15 R J5/ Bl (19407
WD o XM T AP MV EO RS 5, KR T 19655 [USP XXI- 1V, h201HE 281 1%
A AR S BAT T AT PRSI RS0 UE 2 RN BT B K B RS T e R Pk
ARSI () Al 3K G20 M PR A ) 0 (RS B MR S8 R T A 22 52 B RE AR o0 AT . 4l il
1575 71N = T iy oo U 1R - R N 1 A2 P T s 2 N B O B [ R TV o W P = 21
1995 55 7R S REASL I PR 8 22 32500, 5 % 3 BpLA37 JF FLAR - LT AR 22 T IK 18% 42 100% (551 B (1%
ZEHD

Although the growth of microbial cells on agar surfaces or in liquid media provides the laboratory with
critical information about the amount and the type of organisms that may be present in a sample under
evaluation, the time-to-result is usually longer than what is desired. Days and even weeks may elapse
before microbial colonies are visually detected, and in many cases, confluent growth prevents individual
organisms from being isolated, necessitating subculture onto additional agar media, delaying the
time-to-result even further . This delay may hamper the industry in making forward processing decisions
and confirming that manufacturing processes are in a microbiological state of control.

SR A0 A 3T 3 T A 5 R i (0 A K Oy S5 S AR A T DT RO ot P AT B AL R R
S AN A S B AT B, (L1538 4 2R I TR0 3 TS B AR o A H AR 5 30 ol 2 00 e ¥ Wi T ETIR
WILRER AR, JFHRZET, R KHG T SA D 5 8, ALERSNABE L
PEEFE A Wb AT T RE TR T 15 30 25 FL AN [a] o XM A 2 n] Be g AT M AR HE 30— 28 1) e LR
WA T EA TR T IRE

Additionally, microorganisms that are stressed due to nutrient deprivation following exposure to sublethal
concentrations of antimicrobial agents, such as preservatives, disinfectants, heat, or decontaminating
gases, or as a result of certain pharmaceutical manufacturing processes, may be stressed or
physiologically injured; nor will they replicate when cultured on artificial media, because the media
and/or incubation parameters may not be optimal for the resuscitation and subsequent proliferation of

FIHARRAERE S, GMP B HIERAT# %6 /AL 78 T
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organisms that may be present. The inability of stressed microorganisms, or even nonstressed
microorganisms, to grow in artificial media has also been referred to as Viable But Non Culturable
(VBNC). Additionally, when microorganisms experience unfavorable conditions a t the beginning of the
stationary phase, environmental challenges can induce some cells into dormancy, and these cells will not
grow. VBNC and dormancy states are further discussed in the public literature (7).

T340, REE i T T AN 22 T R R I T 5 0B IR AR R ), A9 S 7 U R
AR, B2 A TSR, ATRERE N s A B2 A4 A NI B R B IR I AT
WA, PRI B IR S B0 T T REAFAE IR R 98 SO a I BT A R e 451 T
AL NG RE IR A IR 32 st R 32 B AR, A s (AN T S TR R R E T VBNC . )
Hb, A IERGE WA 2 T ARIZAF, Tk T S SO LA AR, Jf Hixeean A<
Ko VBNCHWARIRIR A SCHERGERFP  T 38— 251k .

For these reasons, the modern microbiological laboratory should look toward developing innovative
approaches for the detection, quantification and identification of microorganisms. From a quality risk
management perspective, the industry can benefit from implementing alternative microbiological testing
strategies to:

BT IR A, AR 250 5 I R A S A E R I i AN B TR . TR R A
PR Ay SEACTE, A7 Ml T S T 38 Al A A i BE A2 2

* design robust processes that prevent contamination

AN E AR AN

» ensure that a state of microbial control is maintained

TR AR E ) 2 RS

* develop more effective strategies to correct a contamination problem

R JEE SEA R S LA 5 G i)

» continually improve processes and products

ROl T 2R

» assess the potential impact of failing results on the patient

I AT RIBORE - B8 RT REIE B IR £E 52 W)

The motivation for using risk management principles is supported by a number of quality and regulatory
initiatives, and these have a direct impact on microbiological monitoring and control. For example,
FDA's Pharmaceutical cGMPs for the 21st Century: A Risk Based Approach and Guidance for Industry:
Process Analytical Technology, A Framework for Innovative Pharmaceutical Development,
Manufacture and Quality Assurance indicate that using a scientific framework to find ways of mitigating
risk while facilitating continuous improvement and innovation in pharmaceutical manufacturing is a key
public health objective (8,9). These initiatives further promote the use of the latest scientific advances in
manufacturing and technology, and this can apply to the implementation of alternative and rapid
microbiological methods (RMMs) and testing strategies.
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3.2 Alternative and Rapid Microbiological Methods ™ 3% i) F 38 73k A= ) 5 v

For more than 20 years, the field of alternative and RMMs has been gaining momentum as an area of

research and application across a number of technology sectors. In fact, much of the development of

new systems for the detection and identification of microorganisms has been driven by the food and

beverage, environmental, municipal water, clinical, personal care and military/homeland security sectors.
It is only since the introduction of the first version of this Technical Report that the pharmaceutical and

biopharmaceutical industry took notice that these methods and technologies were available and could be

validated as alternatives to existing microbiology testing.
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Alternative and RMMs are based on a wide variety of scientific principles and can be used for a number
of testing applications. Technologies can detect the presence of diverse types of microorganisms or a
specific microbial species, enumerate the number of microorganisms present in a sample, and can
identify microbial cultures to the genus, species and subspecies levels. The manner in which
microorganisms are detected, quantified or identified will be dependent on the specific technology,
procedures and/or instrumentation employed. Additionally, a number of these methods are considered to
be more sensitive, accurate, precise, and reproducible when compared with classical, growth-based
methods. Some methods are fully or semi-automated, offer increased sample throughput, provide
significantly reduced time-to-result (e.g., from days or weeks to hours or minutes), and for a few
technologies, afford results instantaneously and in real-time. A more thorough review of technology
platforms and the science behind these methods is provided in Section 4.0 of this Technical Report.
AP R G A P 5 V0 e T 2 R S B W] e T 20 e 2 o X AR A AN [ A
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3.3 Regulatory Perspectivesiki I &

Alternative and RMMSs have been understood, accepted and encouraged by regulatory authorities in
numerous regions including the United States, Europe, Japan and Australia. Regulators will generally
accept a change in a manufacturing or testing process if the change has been proven to be equivalent to,
superior to, and/or non-inferior than the system currently in place. While this Technical Report contains
recommendations for the validation studies to demonstrate such a concept, the final decision on
acceptance may be through the affected regulatory agencies. This may be especially true if the method is
incorporated in a previously approved regulatory dossier, such as a New Drug Application (NDA),
Abbreviated New Drug Application (ANDA) or Marketing Authorisation. However, there are also
instances where a formal regulatory submission or post-approval change may not be necessary, and in
order to develop an appropriate strategy for the validation and implementation of these methods, it is
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important to fully understand the current regulatory expectations. Therefore, it is highly recommended
that an open dialogue between the interested parties (i.e., the firm intending to implement the method
and the relevant regulatory authority) be initiated early in the planning process. This dialogue can
include discussions about the proposed method, impacted products, the validation approach and
acceptance criteria, as well as regulatory submission requirements. These types of meetings have been
very helpful and have enabled the potential alternative method users to move forward with greater
assurance that they will be successful in gaining regulatory approval, when required.
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There exists a variety of different perspectives on alternative and RMM validation and submission
strategies, depending on with which regulatory body a firm’s products are registered and/or which local
inspectorate is responsible for conducting GMP audits at a firm's manufacturing facilities. The following
sections will summarize the most current regulatory expectations for validation, submission and
implementation; it is always recommended, however, to monitor any regulatory updates or changes in
this area, as appropriate.
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3.3.1  Unite StatesH

The FDA has been accepting of alternative and RMMs for a number of years, and this position is echoed
in a variety of guidance documents and quality initiatives. For example, FDA's 2004 Guidance for
Industry: Sterile Drug Products Produced by Aseptic Processing-cGMP recommends the use of rapid
genotypic methods for microbial identification, as these methods have been shown to be more accurate
and precise than biochemical and phenotypic techniques (10). The guidance also states that these
methods are especially valuable for investigations into significant microbiological adverse events, such
as sterility test failures and contaminated media fills. The guidance additionally confirms that other
suitable microbiological tests (e.g., RMMs) can be considered for environmental monitoring, in-process
control testing, and finished product release testing after it has been demonstrated that these new
methods are equivalent or better than conventional methods.
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In 2008, FDA's Center for Biologies Evaluation and Research (CBER) published draft Guidance for
Industry Validation of Growth-Based Rapid Microbiological Methods for Sterility Testing of Cellular
and Gene Therapy Products, and in 2011 published a proposed rule in the U.S. Federal Register
amending the sterility test requirements for biologic product s (11). The latter states that advances in
technology (in recent years) have allowed the development of new sterility test methods that yield
accurate and reliable test results in less time and with less operator intervention than the currently
prescribed methods. The proposed rule also included a discussion on expanding the potentially
acceptable sterility test methods to non-culture-based methods in addition to culture-based methods, as
well as guidance on validation principles, such as limit of detection, specificity, ruggedness, and
robustness. The proposed rule was finalized in 2012 as "Amendments to Sterility Test Requirements for
Biological Products" (12).
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A separate initiative, known as FDA's Strategic Plan for Regulatory Science, calls for the development

of sensitive, rapid, and high-throughput methods to detect, identify, and enumerate microbial

contaminants and validate their utility in assessing product sterility (13).

AR, FDAREIURE A& TR, 5 A R R R PRdUR g R (0 5 s AR N . 2531
A5 AT I UE LA 7 b SR T A

The FDA suggests that USP <1223>, Ph. Eur. Chapter 5.1.6, or PDA Technical Report No. 33, be used
as the basis for developing an appropriate validation plan (3,4). Additionally, many firms have
successfully utilized the FDA comparability protocol (CP) as a means to manage the validation plan (14).
Briefly, the CP is a regulatory submission (typically a prior approval supplement) that contains a
validation protocol for the alternative or rapid microbiological method. The CP describes the proposed
validation studies and the acceptance criteria to be met to demonstrate that the alternate method is
acceptable. Once the CP has been approved, the applicant can use the protocol in the CP to validate the
alternative method for its intended use. The CP can be particularly useful for changes of a repetitive
nature, such as the use of a RMM for multiple products or processes. Moreover, because the CP is
reviewed by the FDA, deficiencies in the validation plan can be corrected prior to performing the studies,
eliminating the need to repeat some or all of the testing.

FDAZUCR HUSP<1223>, EPH55.1.675, BPDABAI L 331N FF R IETH R HEAl . 534, VF
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When the applicant has completed the studies and met the acceptance criteria as outlined in the CP, they
need to notify FDA when they are ready to implement the alternative method. This notification can be
accomplished by the submission of a Special Report (21 CFR 314.81(b) (3) (ii)) (IS). The Special Report
is a simple letter to FDA stating that they have completed the validation, the acceptance criteria have
been met and that the alternative or rapid method is being implemented. In addition, a reduced reporting
category can be used when notifying the FDA, such as a Changes Being Effected (CBE)-30 or CBE-0,
the latter allowing the firm to immediately implement the method for routine use.

24 HHE S8 TR CPr A H iR b e, HLt5 L0 ANFD AT I TR AT AT FE 07 0. Il AN
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Finally, if the alternative or RMM will impact in-process microbiology assays that are not included in a
formal product submission, such as a n NDA or ANDA, the implementation of the method may be better
managed through a firm's internal change control program instead of going through a formal regulatory
process. For this reason, it is always recommended that a firm discuss their validation and
implementation plan with the FDA early in the planning phase.

i, AR TTIE PR RMMOT 23 SRS AE R I, H AN EAE A2 TR S 7 s S,
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3.3.2 Europelx i

Like their U.S. counterparts, European regulators have supported the validation and implementation of
alternative and RMM technologies. However, there are subtle differences with respect to validation
expectations and submission requirements. Furthermore, although individual member states have
approved RMMs for routine use and for product marketed in the European Union (EU), many of the
validation and implementation tools provided by the FDA did not exist until 2010.
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Commission Regulation (EC) 1234/2008 went into effect in 2010 and applies to variations to a
Marketing Authorisation granted in a Mutual Recognition/Decentralized Procedure and to Community or
Centralized Authorisations (16). The new variations regulation introduces a number of features aimed at
reducing the workload for both competent authorities and applicants. One of the most important changes
relating to alternative and RMMs is that it is now possible to group variations under the same Marketing
Authorisation such that they can all be assessed at the same time. Furthermore, it is possible to combine
the same variations or group of variations from different Marketing Authorisations and have all of these
assessed at the same time under what is called a "Work Sharing Process" or "Common Assessment." This
could be the case for a single alternative or RMM technology being used for multiple products.

Ze i (EC) 1234/2008 120105 £ R0 Rl Fl - AE3EAT I 55 /20 FSORE Y P K T 3 52 ORI A [ B4R
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Next, there is an opportunity for scientific dialog with regulators through the EMA Scientific Advice (SA)
procedure (17). Here, a firm may ask for advice on their validation and implementation strategies. The
SA working party includes representatives from all EU member states and a written report is provided
with the results of the SA process.

Rk, HEAEMARFAH (SA) HYBWUEITRF TN R, T e G s
M S KA. SATAEAL AR R B T BB T 50 B AR, IR Al f (A5 i & 1y SATE
FPrI& R

On the basis of the Regulation (EC) 1234/2008, the Commission published a "guideline on the details of
the various categories of variations to the terms of marketing authorisations for medicinal products for
human use and veterinary medicinal products" which implements the 'post approval change management
protocol' (PACMP) (18). This voluntary process, which is very similar to FDA's CP, provides a strategy
for managing the review of proposed validation plans prior to the start of testing (19).

FLTEC1234/2008, & 5323 Al 1“5 T N2 A8 F 25 T 5 BB A IR AN [ 73 401 R4 w4tk
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In this two-step process, a change management testing protocol is first submitted as a Type 2 Variation.
The protocol should include the overall testing strategy, such as the planned studies, acceptance criteria
and methods. Prior to submitting the PACMP, a firm may also discuss their testing strategies with the
EMA under the SA procedure. Once the protocol is approved, the submitting company will perform the
testing as specified in the protocol.
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The second step of the PACMP process involves submitting the resulting data (assuming they have met
the protocol's acceptance criteria) as either a Type 1A or 1B Variation. The decision as to whether the
data is submitted as a Type 1A versus a Type 1B variation is determined at the time of protocol review
and approval. If the data is submitted under a Type 1A Variation, the company can immediately
implement the alternative or rapid method, while a Type 1B Variation requires a 30-day waiting period
while the data is reviewed. These strategies are very similar to the FDA's CBE-0 and CBE-30 reduced
reporting policies.

PACMPIH S — 203 SO AT i 25 A5 % (R 2 5 6 PR R b i) AE N TABIBIRAR T . 4521
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The European Pharmacopeia (Ph. Eur.) contains a chapter that addresses the validation of alternative
microbiology methods (4). Along with this document, Ph. Eur. 5.1.6 provides a framework for the
development of an appropriate validation plan. The validation plan can then be included in the PACMP as

FIHE AR S, GMP BRI EAT# 512 90 4L 78 0
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the basis for the studies that will be performed.
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The EMA has recently extended the competencies of the PAT team (which is currently responsible for
QbD matters) to also cover all matters related to alternative microbiological methods.
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Finally, it is recommended to have discussions with the EMA, the relevant competent authorities and/or
the local inspectorate early in the implementation planning phase, especially if it is determined that a
formal Type Variation change may not be required (this will depend upon the alternative or RMM's
intended application, such as an in-process microbiology test that is not in a Marketing Authorisation).
i, EAESERE R U S EMA L AR 2 BOHUR A/ SA ks S LR EA T e, a2 iR
WA REAN T ZEA AL S GG IR T ] B8 1 sSRRMMPUYI R FR I, Ay 6 & At
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3.3.3 Japan and Australia H 2= F13¥4
Both the Japanese Pharmaceuticals and Medical Devices Agency (PMDA) and the Australian Therapeutic
Goods Administration (TGA) are also accepting of alternative and RMM technologies.

PMDAFITGA# 32 ] I I FIRMMEL A

The TGA utilizes relevant sections in the Ph. Eur., British Pharmacopoeia, USP Chapter<1223>, Ph. Eur.
Chapter 5.1.6, ISO 17025, as well as this technical report, when working with companies wishing to
validate and implement alternative and RMM technologies (3,4,20).

FERE P AR IR AR M St T 326 4 A RIRMM B R T U 23w I, TGASE FI KK 24 345,167, S 2
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The Japanese PMDA requires evaluation and approval for alternative or rapid methods that will be used
for product release, such as a rapid sterility test. As of the publication date of this TR, at least one rapid
sterility test has been approved by the PMDA. However, in the case of in-process control tests, the
validation and implementation of alternative or RMM technologies would be managed under the
responsibility of the drug manufacturer. Furthermore, the Japanese Pharmacopoeia (JP) is preparing a
chapter on RMMs and will refer to USP chapter <1223> and Ph. Eur. Chapter 5.1.6.

HAPMDA B3t I3+ it JBA T 0 T e 45 1) sl bRy R I AT AL AL e, n BRI e i sl 1%
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3.3.4 Rest of World (ROW)1tk - fh 5K

The implementation of alternative and RMMs has also been successful in non-U.S. and non-European
regions, including the Asia-Pacific and Central/South America. As with U.S. and European agencies, it is
recommended that an open dialogue with the affected regulators is initiated early in the implementation
process. And as many of these agencies may be unfamiliar with the proposed technologies, it may also be
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recommended to have the vendor involved as well. Where some ROW countries may follow USP Chapter
<1223> and/or Ph. Eur. Chapter 5.1.6, other countries may only follow their own, local Pharmacopeias
(3,4). In either case, it is recommended that this technical report serve as a framework for discussion of
the planned validation and implementation plans.
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3.3.5 When an RMM is Approved by One Regulatory Authority but not Another

HRMMAE— A2 BOYLRIHEAE TT R4 F A 2B LA HEHE

Companies that want to utilize a RMM for a product that is marketed in multiple countries may require
approval from each country's regulatory authority. However, it is possible that one regulatory authority
may not approve the RMM, even though another regulatory authority has approved it. In this case, the
company may need to establish an alternative product testing strategy for the country in which the RMM
cannot be utilized, and this may include using the original microbiology method for that particular
product.
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3.4 Business/Economic, Quality and Technical ConsiderationsigM/Z5F, JREMBIAREE
Significant opportunities exist for improving the efficiency of manufacturing and quality assurance
through the application of modern process analytical tools including alternative and RMMs. For many
companies, the implementation of these technologies has provided a more in-depth understanding of their
manufacturing processes in terms of microbial quality control. As such, some companies have been able
to reduce variability and wasteful activities, and increase manufacturing capacity and efficiencies.
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To aid in the evaluation of which particular alternative or RMMs are appropriate for specific applications,
firms should consider the business and economic, quality and technical considerations of the proposed
method(s).
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3.4.1 Business and Economic ConsiderationsgiMLFI1Z 4% 18

The business and economic or cost requirements when implementing alternative or RMM should be well
understood. These considerations may have a significant impact on the decision to validate and
implement new technologies for routine use. From a business perspective, a number of factors should be

considered, including, but not limited to, the following:
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* Potential for reduced in-process microbiology testing and finished product release cycle times
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* Reduction in risks associated with forward processing (e.g., bacterial contamination of mammalian cell
cultures)
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* Elimination or reduction of off-line assays

1R Rt e Rl

* Increases in laboratory automation and reductions in manual testing, sample handling and/or data
management
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* Reduced overhead and/or headcount for sampling and/or testing
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* Ability to make immediate microbiology decisions on the state of microbial control
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* Faster response to contamination events or microbial data deviations, and the initiation of investigations
XS e B A R i 22 I DR S, IR AR T

* Reduced repeat testing, lot rejection, reprocessing and rework
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* Reduction in plant downtime and investigations

/D )5 TR A

* Increased product yields
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* Reduced raw material, in-process and finished goods inventory holdings

I TSR AE I it oNT RS PR JZEA

* Reduced warehousing space/cost and work-in-process (WIP).
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Many of these business considerations, in terms of potential cost savings and/or cost avoidances, may be
analyzed using an appropriate financial or economic model, and the resulting information used to support,
from an economic standpoint, the implementation of a new technology. However, it should be noted that
the financial results of conducting such an exercise should not solely be used to make a final decision on
whether or not to implement the technology; but rather, should be considered in addition to all of the
other relevant factors, including the quality and technical benefits, when implementing the technology.
IR T B AR R T L AN EEE G A B AT G RO RS, TR A LM 5% R B A EAT 0 A, 45
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A variety of financial models can be used to assess whether an alternative or RMM will provide a cost
savings or cost avoidance when implemented. These include Return-On-Investment (ROI), Net Present
Value, and Payback Period, to name a few. For example, ROI is the ratio of money gained or lost on an

investment relative to the amount of money invested. In this case, the investment is the implementation of

FIHE AR S, GMP BRI EAT# 5159 4L 78 0T
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an alternative or RMM. Payback Period is the time required for the return on an investment to "repay" the
sum of the original investment. A company's financial organization can assist in determining the most
appropriate model to use, depending on the technology, its applications, and other financial factors. In all
cases, the operating costs associated with the existing method and the alternative or RMM are identified,
as well as the potential cost savings/cost avoidances and the investment costs for validation and
implementation. These values are then used in the relevant financial model to calculate either a potential
financial benefit or loss.

Examples of operating costs may include, but are not limited to, the following:
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» Cost per test (e.g., consumables)

BRI A Clnkeds )

* Labor time and labor costs

NIRRT A

» Equipment depreciation, calibration, qualification and maintenance
BAITIH, B, HARYES

* Laboratory overhead

I = 2

» Data management and storage

ol e B A7

* Additional testing (e.g., if the RMM is not approved in all countries).
BANIAE Clt, G FZRMMBAT B A7 B XAk

Examples of investment costs may include, but are not limited to, the following:
BNEAGFEAEARL T LU R 7= 491«

* The capital costs for the new technology

BRI B 7 A

* Software updates

BT ST

* Training

gl

* Validation

Crall

* Regulatory filings and associated costs, when applicable.

WE 2y BEE MG B

Finally, the values associated with potential cost savings and/or cost avoidances may be similar to what
was previously discussed in the beginning of this section. Additional information on how to develop a
financial assessment may be found in the public literature (21, 22).
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3.4.2 Quality Considerations i &% 8

There are also potential quality benefits that a firm should consider. For example, the implementation of
alternative or RMMs may provide the means to better monitor and control the overall microbial quality of
a manufacturing process and its associated product, thereby reducing risk to the patient. Also, the use of
technologies that provide a greater understanding of manufacturing variability, enhance process
knowledge, and contribute to continuous process and product improvement should be considered.
Furthermore, some technologies allow for more accurate, sensitive and reproducible monitoring, as well
as enhanced trending of microbiological data, and automation, all which can contribute to increases in
compliance, process knowledge and the improved detection of microorganisms.

O [RJRE N 2% S PT RE R B A o 0, St ERRMIMU AT R S 4 10 M o — 2B T2 00
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3.4.3 Technical Considerationst A% [8

Many alternative or RMMs offer increased accuracy, precision, reproducibility, sensitivity and specificity,
as compared with classical microbiological methods. These technologies may also be fully automated,
offer increased sample throughput, operate in a continuous data-collecting mode, provide significantly
reduced time-to-result (e.g., from days or weeks to hours or minutes), and for some technology platforms,
obtain results in real-time. Therefore, the potential technical benefits should also be understood when
considering an alternative or RMM for implementation.

B2 MDA, VFZ AT IE R RMMESHE T S s iR R I R
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3.5 Risk Analysis X\ &2 #

Generally, when a change to a manufacturing or testing process is proposed, the potential risks associated
with these changes should be identified. This is also the case when implementing an alternative or rapid
microbiological method; therefore, a risk assessment should be performed prior to the start of any
validation and implementation activities.

R, R AN T2 R AR SIS, W TR b 3K AR SR S RV AR XU o 2 S T i
e PR A 7RI R e DRI, T AR AT R 360 R0 S 35 51 T 12 5 B RS 20 o

The risk level in adopting an alternative or rapid method may vary depending on the technology
considered and the methodology it replaces, the technology supplier, the nature of the measurements
taken (qualitative, quantitative or identification) and the unit of measure (e.g., as compared with classical
microbiology measurements, such as the colony forming unit), the particular product or process attribute
being evaluated, method variability, the potential for false positive or false negative results, test sample
requirements, computer system security, alarm notifications, the location of the measurement in the

manufacturing process chain, worldwide regulatory acceptance, and various other factors.
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The evaluation of risk to using an alternative or rapid method, as well as the risk to product quality,
should be based on scientific knowledge and a link to patient safety. As such, the level of effort, formality
and documentation should be relative to the level of risk. Briefly, the steps in conducting a risk analysis
will include identifying the risks or hazards, and determining the likelihood of occurrence and severity of
harm for each of the risks identified. The ability to detect the risks may also be considered. Then, each
risk is analyzed against predefined criteria, and the output is a quantitative risk score or a qualitative risk
ranking (e.g., low/medium/high). Based on the output, it should be determined whether the risks are
acceptable or not. If they are not acceptable, the process may be changed and/or the risk may be reduced
to an acceptable level. Additional activities may include routine risk reviews to ensure that no new risks
have been introduced, and that risk controls are effective, especially during the routine use of the
alternative or rapid method.
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Risk Analysis Model tools, such as Failure Modes and Effects Analysis (FMEA) or Hazard Analysis and
Critical Control Points (HACCP), may be utilized in order to effectively decide on which alternative or
rapid method to implement, to assist in the justification of technology implementation, or to better
understand the impact of implementation upon the product and the business. For additional information
on these two methods of risk analysis or other risk analysis methods the reader is referred to the literature,
which includes PDA Technical Report Number 44, Quality Risk Management/or Aseptic Processes
(23-25).

AR AR S B T H,, WIFMEABCXHACCP,  DLSE AT 25 iff e SR FH WD Tk PR s adt vk, 3
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3.6 Vendors, Suppliers and Auditsfit N i f1 8

Vendors of alternative or rapid method technologies should be assessed for their ability to provide high
quality instrumentation, consumables, software, and/or technical support. For example, vendors should
have in place an appropriate quality system for designing, manufacturing, testing and release of
equipment, software, reagents and consumables throughout the technology life cycle. Additionally,
vendors may provide technical documentation, training, troubleshooting, calibration services, preventive
maintenance programs and/or field service support. To ensure that the vendors meet a firm’s internal
quality requirements, as well as GMPs, vendors should be evaluated for their ability to meet these
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expectations. Vendor assessments or audits may be conducted through a review of relevant
documentation provided by the vendor and/or a physical audit at the vendor's manufacturing,
design/development and testing facilities. Some of the assessment areas that a company may focus on
include, but are not limited to:

37 225008 T 36 5 PR VAR PR (3 T 1 AT VA LA LB i m U OGE . B . AR/ B R
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PREF RIS SCRF o A T BORAE R R A2 1) A i Rk DA S GMPEESK, 1 3 kAT
PP o AR VA B o T R [ A R R S A R AT OGSO AT A/ B A T I o v o VS AT
BFEHEAR T

* Quality assurance procedures and standards, including change control and ISO certification
R FRvE, G484 S 42 I ATTISOLIE 15

* Results from other audits (regulatory or other end-users)

Hopb i vk 45 2R OB 7 Al AL I

* Financial stability

W 55 R e 1

* Availability in providing consumables and instrumentation

FALFEM TR 1 BE

* Ability to respond to field issues of a technical nature

BORA G By i) R = i g

* Training and validation support, and associated documentation
VIR SCfp M AH RS

* The vendor's internal validation procedures and data

BRI R A S U R MR

» How software updates are managed, including the impact on validation activities

DAy BB A SR, BRI UE TS B 5 R

» Additional information that may support the end-user's justification to implement the vendor's

technology, such as peer-reviewed publications, user manuals and other relevant documentation.

FoAl AT RE SRR I Z RIS, 2 FAT VR TIH, A3 TR At A5G ST

Some vendors may also have submitted additional technology performance information to FDA in the
form of a Drug Master File (DMF; 21 CFR 314.420). The contents of the DMF may include method
development information or data from validation studies performed by the vendor. For example, certain
types of validation studies, such as ruggedness and robustness, may be performed by the vendor and
included in a DMF. End-users may utilize the data supplied in the DMF as supporting information for
their own validation studies and submissions to the FDA, when appropriate.
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3.7 Automated Methods B 34t 75 1%
Some alternative or rapid technologies may be considered as automated traditional or compendial
microbiological test methods, especially when the results are in colony forming units (CFU). These
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technologies may be qualified for their intended use without the need for demonstrating certain method
validation requirements as specified in Section 5.0 of this Technical Report. For these technologies, at
least accuracy and precision assessments should be performed, in addition to method suitability and
equivalence/comparability studies. A risk assessment should be performed to determine the required
testing that would support the validation of the alternative or rapid technology.

L] P o PRI BCR B B S AL Se sl 2y SR AE PR N 57k, JEHE B R Dy cfult) . X4
BORANT BB 255,071 Fritf i () EERBAT AR UE . X TIRXEeRoR, B 1 o5& vk
HNEERENE/ P LEPERIE AL, /b NEEA T VR RO 8 LA PPAG o IIREAT RURS: DA LU A€ 7T RE SC 45 7T
e DR AT U T 2K KA

4.0 Technology Review F AR 5 1%
There exists a wide variety of alternative and rapid technologies, and they can be grouped in one or more

of the following categories: qualitative, quantitative and/or identification.

WAEY AR Z BRI PRIE B, AT LU LS EPEROR. E R BRI/ .

Qualitative technologies will detect the presence of diverse types of microorganisms (e.g., total aerobic
bacteria, yeast and mold), or a specific type of microorganism (e.g., E. coli or Mycoplasma). For
comparison, the presence/absence sterility test is an example of a classical microbiological qualitative
method.

EPESORHI TR I E IR (oS i S8R v, IR AR 1), BB A TN SRR < RO E )
ﬁ%(@:ﬁ%ﬁ%ﬁﬁiﬁ%%iﬁﬁﬁ%%mﬂi%mﬁh%%*ﬁ%ﬁﬁ&o

Quantitative technologies will enumerate the number of microorganisms present in a test sample. For
comparison, the standard agar plate count method is an example of a classical microbiological
quantitative method.

PR T oA T B E R . O T T E, ARAEBIR PO B M EY)
e T k.

Identification technologies can identify microbial cultures, and for some systems, single cells, to the
Genus, species, subspecies and even strain levels. Some of these technologies represent fully automated
strategies of classical, growth-based biochemical and carbohydrate methods, while other rely on a
completely novel scientific principles that are similar to chemical or analytical methods.

S RO DL E VR B A M A R R B e, B, SRR AR R K. BB E AR
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The manner in which microorganisms are detected, quantified and/or identified will be dependent on the
specific technology, their scientific principles and the instrumentation employed. For example, alternative
and rapid technologies may be further classified as those that rely on microbial growth, the use of
viability stains, the detection of cellular markers or targets, optical spectroscopy, nucleic acid
amplification, and Micro-Electro-Mechanical Systems, or MEMS.
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This chapter provides an overview of the different types of alternative and rapid technologies that are
commercially available or are known to be in development. For ease of understanding, these technologies
are discussed under their primary scientific principle; however, it should be noted that some technologies
might provide one or more detection capabilities (i.e., qualitative, quantitative and/or identification).
When applicable, this Technical Report provides additional clarity for technologies that fall under each of
these detection categories. For example, certain nucleic acid amplification technologies that are primarily
used to identify microorganisms may also provide an estimation of cell count based on the number of
amplification cycles required to elicit a positive response (i.e., this is related to the number of genetic
copies of the target starting material in the original sample). Additionally, certain spectroscopic
technologies are able to provide both a microbial identification as well as a cell count.
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The reader should also be aware that because alternative and rapid technologies are constantly evolving,
specific vendor names and their respective technologies are not specified in this Technical Report; rather,
the scientific principles of known technologies and developing methods are discussed. Additional
information regarding specific technologies may be found in the public literature and in relevant online
resources (26-28).

A NV 3 R T AT M AR I R 1 7 R AR AN T 1) 5t — e R 1) 4 R AT TR SR AR B AT
FEMCEORSR S T B, SRR U, N8 CABORKI AR AR JETT 0 % T € BOAR S
2 IS S THE 2 T (R STRRAMITAR SSAE 2 B P 4k 2

4.1 Growth-basedZE F#F A KA

Alternative and R MM that employ the use of growth-based platforms have been shown to reduce the
time at which actively growing microorganisms can be detected, although the actual time-toresult may be
impacted by the physiological state of microorganisms and/or the lag period in which microorganisms
adapt to growth conditions. Many growth-based systems continue to use conventional liquid or agar
media. As a result, the same types of applications that traditional methods are used for can also be applied
to growth-based alternative and rapid methods. Examples include bioburden testing, Microbial Limits,
environmental monitoring, sterility testing, and the identification or presence/absence of microorganisms.
A summary of growth-based technologies is presented below.
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4.1.1 Electrochemical Measurement Hi 4t =4l &k

Electrochemical methods measure changes in the electrical properties of microbiological media as a result
of microbial metabolism. Liquid growth media comprise relatively large uncharged or weakly charged
molecules, and microorganisms growing in this media will break down the large molecules into smaller
more highly charged components (e.g., proteins into amino acids, fats into fatty acids and polysaccharides
or sugars into lactic acid). These technologies can rapidly detect changes in measurable electrical
threshold during microbial growth by monitoring the movement of ions between electrodes (conductance),
or the storage of charge at the electrode surface (capacitance). By measuring the changes in electrical
impedance, capacitance and/or conductance, growing microorganisms can be detected much faster than
observing turbidity in the media.
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4.1.2 Detection of Carbon Dioxide (CO,) CO, FJll

Microorganisms, when grown in liquid culture, produce carbon dioxide (CO,) and other metabolites. In a
closed container, the amount of CO, produced may be monitored and used as a measure of organism
viability (i.e., the presence of growing microorganisms). Test samples are added to media bottles that
contain a liquid emulsion or silicone sensor. During microbial growth, CO; in the medium diffuses into
the sensor. Hydrogen ions will then interact with the sensor resulting in a decrease in pH, and the sensor
will turn color (e.g., from gray to yellow). The rate at which CO, is detected depends on the initial
concentration of microorganisms; for example, a higher initial concentration will provide a faster
detection response.
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4.1.3 Utilization of Biochemical and Carbohydrate Substrates A= 4k F18% K AL& 4 i1 71
There are a variety of technologies that employ a microorganism's ability to utilize biochemical and
carbohydrate substrates as sole carbon or energy sources for the rapid and automated identification of
microorganisms. A suspension of a pure culture (usually from an isolated colony on an agar plate) is
inoculated onto test cards or strips. Each card or strip is composed of incubation wells, and individual
wells contain a single substrate in dehydrated form. The inoculated cards or strips are incubated, and if
the organism under test utilizes any of the substrates for cellular metabolism and growth, the turbidity,
color and/or fluorescence in the well will change. The resulting data (normally in the form of positive and
negative responses in each well) are compared with an internal database or reference library and a
microbial identification (e.g., Genus and/or species) is provided.

AR 22 BORFR ARG LA B A=A ) o s e 2K A 5 40 D ME— Bl 0 BE YA o« s 2l 45 57
Wl CGRE A NI TAR b 2r 3 sl v ) Bebh 2R sk 4 o AR Bk 4
A B IR LB TR AL A AN BRI ST B RN B M 4%, W R E e D4 AF R R AT L

FIHE AR S, GMP BRI EAT# o5 22 90 4L 78 W

22



& ouryso. cos AT 2 A $22 A B 1

(4 A T AN B A K O A, FLAIRE . B R/ a e el & kAR Ar . 45 R BE GEF 25
ANFLIRI B B BH P &5 F I T 2O 5 A 3 B 2 b D15 JE R R B ot L, (A 1 s A= 4 1 6 31 (48
PVEP UG D)

4.1.4 Digital Imaging and Auto-fluorescence of Micro-Colonies

AL AR AR VE ) B R

During microbial growth, cells will fluoresce in the yellow-green spectral region when illuminated with
blue light. Cellular auto-fluorescence in this spectral region is a property of all microbial cells due to the
presence of ubiquitous fluorescent biomolecules including flavins, riboflavins, and flavoproteins. Test
samples are filtered and the membrane is placed onto an agar surface and incubated. During incubation, a
Light Emitting Diode (LED) excites micro-colonies to autofluoresce, which are quantitated by a Charge
Coupled Device (CCD) imaging system in approximately one-half the time an operator would normally
be able to observe colonies on the agar surface. Incubation of the agar can continue to allow for the
recovery of larger colonies for subsequent analysis, such as microbial identification.
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4.1.5 Fluorescent Staining and Laser Excitation of Micro-Colonies
TGP R WO RIBE

Viability staining and laser excitation can also be used to detect and quantify micro-colonies. A test
sample is filtered and the membrane is placed onto an agar surface. Following an appropriate incubation
period, the membrane is stained with a nonfluorescent substrate. Microorganisms on the filter will take up
the substrate, which is then enzymatically cleaved, liberating free fluorochrome in the microorganism
cytoplasm. As the fluorochrome accumulates inside the cells, the signal is amplified. T he membrane is
subsequently placed into a reader and exposed to the excitation wavelength of the fluorochrome.
Fluorescent micro-colonies are then enumerated. Incubation of the agar can continue to allow for the
recovery of larger colonies for subsequent analysis.
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4.1.6 Use of Selective Media for the Detection of Specific Microorganisms

e A R SRR A

Selective media is used to selectively promote the growth of specific types of microorganisms while
preventing the growth of other types of microorganisms. This is also known as inclusivity and exclusivity.
A test sample is added to a liquid-based selective medium that also contains unique dyes. During
incubation, optical sensors detect changes in the medium's color or fluorescence, thereby indicating the
presence of growing microorganisms.
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4.1.7 Measurement of Change in Head Space Pressure TH 52 [8] & /728 5 [ &

These technologies are based on noninvasive, continuous, automated monitoring of growing microbial
cultures. The test sample is added to a liquid medium and electronic transducers will detect positive or
negative pressure changes in the headspace of the container as a result of microbial growth (i.e., the
production and/or consumption of gases).
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4.1.8 Microcalorimetry & #k

Microbial catabolic activity produces heat, which can be measured on a sensitive microcalorimeter. This
heat production can be measured by flowing the test sample continuously through a microcalorimeter, or
by placing the test sample suspended in a growth medium inside a sealed metal ampoule within the
microcalorimeter. Themeasured heat associated with the test sample is compared with the heat evolved
from a sterile medium standard or baseline value.
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4.2 Viability-based Z-FiE P f#E AR

Viability-based technologies use viability stains and laser excitation for the detection and quantification
of microorganisms without the need for cellular growth. For this reason, organisms that are stressed,
injured, fastidious, in a dormant state or are considered viable, but nonculturable, may now be detected
when these same organisms will not grow in or on classical microbiological media. These types of
technologies can be used for a variety of applications that require the detection and enumeration of
microorganisms, such as bioburden and Microbial Limits testing, environmental monitoring, process
water analysis and sterility testing.
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4.2.1 Flow Cytometry Fizt4 iR

Flow cytometry involves labeling microorganisms with a viability marker and injecting the labeled
sample into the instrument's flow cell. As individual, labeled cells pass through a focused laser beam,
they will fluoresce and are enumerated. Because the flow cell is very narrow, usually small volumes of
test sample, such as 1 mL or less, are usually evaluated. The process of labeling and evaluating viable
cells in these types of technologies can be accomplished in as little as a few minutes, and for some
systems, operate with minimal operator manipulation. Flow cytometry provides a relatively large range of
detection operation (e.g., 10'-106 cells/mL) and has been demonstrated to enumerate a wide variety of

microorganisms.
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Test samples that are applicable to the use of flow cytometry include liquid matrices and material
that cannot be filtered, such as creams and lotions.
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4.2.2 Laser Scanning Solid Phase Cytometry %333 [ 78 40 B v %

Solid-phase cytometry uses a similar staining and laser excitation method as does flow cytometry;
however, the microorganisms are first captured onto a solid phase (e.g., a 0.4 |j,m membrane filter) and he
filter is subsequently labeled with a nonfluorescent, viability staining substrate. Microorganisms that are
present on the surface of the filter will take up this substrate, and within the cytoplasm of metabolically
active cells, the substrate is enzymatically cleaved by an esterase. This process results in the release of a
fluorochrome, which can be excited when exposed to a laser of an appropriate wavelength. If the retained
organisms have an intact cell membrane, the fluorescent label is concentrated within the cell, and this
signal is detected when the laser scans the membrane surface. Following laser scanning, the technology
provides a viable organism count, with a limit of quantitation of a single cell. The time from filtration to
staining to enumeration is approximately 90 minutes.
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Test samples for use in solid phase cytometry must be filterable, as the microorganisms must be retained
on the membrane for viability staining and laser excitation.
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4.2.3 Direct Epifluorescence Filter Microscopy B #% %3 I8 B8R

Direct epifluorescence filter microscopy (DEFT) is essentially a precursor to laser scanning solid phase
cytometry. DEFT technology is based on membrane filtration followed by microorganism staining using
viability dyes and enumeration. Following sample filtration, the membrane is treated with fluorescent
dyes, such as acridine orange, or 4',6-diamidino-2-phenylindole (DAPI), and viewed under an
epifluorescence microscope. Viable microorganisms accumulate acridine orange and stain orange, while
nonviable microorganisms stain green. A number of fluorescent redox dyes can also be used with DEFT,
such as 5-cyano-2,3-ditolyl-tetrazolium chloride (CTC) for respiring cells.

ELHIOGIE IR A BEARAS T L OGF 9 [ AH 40 N v B2 i AT 5 o DEFT SORJE T3 1S PR 4R
TR R ORI R g8 . POy n, MO IR PR, iy mess, B¢ 4,6-
TURIE-2-FFEN| I (DAPD, SRJ5 PG BT S A IS PERI T A TR WE RS, ek TR,

FIHE AR S, GMP BRI EAT# o5 25 90 4L 78 W

25



& ouryso. cos AT 2 A $22 A B 1

AR PR MG il T 4k €0 — L9 48R IR ekl v L5 DEFT —ji i, 6 dn 5-(J%-2,3-
THSRIE- IR (CTC)

4.3Cell Component-based #=T-40 iy 5.2 AR

Cellular component-based technologies rely on the detection and analysis of specific portion of the
microbial cell, including ATP, endotoxin, proteins and surface macromolecules. The types of applications
these methods can be used for are wide spread and include sterility testing, bioburden and Microbial
Limit testing, environmental and process water monitoring, microbial identification and endotoxin
analysis.
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4.3.1 ATP Bioluminescence =R§BRIRH AEM R IR N

ATP bioluminescence is the generation of light by a biological process. In the presence of the enzyme
luciferase and the substrate luciferin, adenosine triphosphate (ATP) is enzymatically broken down to
produce photons of light. An instrument equipped with a photomultiplier tube can detect these photons.
Because ATP is a key intracellular energy source in all cells, measuring ATP can be a marker for viable
microorganisms. Depending on the technology, some systems will detect the general presence of
microorganisms by measuring the total relative light units from the test sample, while other systems can
detect ATP bioluminescence from individual micro-colonies, thereby providing a quantitative assessment
of the number of microorganisms from the original sample under evaluation.
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The sensitivity and time-to-result of the ATP bioluminescence assay may also be improved with a
two-phase reaction that begins by using an enzyme-catalyzed reaction to generate ATP to levels
significantly higher than what is naturally contained in the microorganism. In the presence of
microorganisms, specific microbial enzymes can be used to convert adenosine diphosphate (ADP)
provided to the reaction into ATP and adenosine monophosphate (AMP). The enzymes are not consumed
by the reaction; therefore, ATP is continuously generated as long as ADP is present. The amplified ATP
levels are then detected using the typical ATP bioluminescence reaction previously described.
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4.3.2 Fatty Acid Profiling fig i B&ZI 4T
The cellular membrane contains lipid biopolymers, and one component of this cellular layer is chains of
fatty acids. Fatty acids can be extracted from a pure culture of microorganisms, and following a series of

chemical conversion steps; the purified fatty acids are analyzed via automated gas chromatography (GC).
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The resulting gas chromatogram is compared with a previously established library of known
microorganisms, and if a match is found, the identification is provided.
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4.3.3 Matrix Assisted Laser Desorption lonization Time of Flight (MALDI-TOF) Mass pectrometry
H S BhEOLARAT B B AT I R B ik

MALDI-TOF mass spectrometry provides an accurate molecular weight measurement and
characterization of biomolecules, including proteins, peptides, polysaccharides and nucleic acids.
Whole cells from an isolated colony are smeared onto a stainless steel plate and mixed with a
UV-absorbing matrix. A laser ionizes the cells' biomolecules, which are then accelerated in an electric
field. Within this field, the ionized molecules are separated according to their mass to charge ratio and the
resulting mass spectrum is compared with an internal library of previously identified microorganisms.
MALDI-TOF J5til § fit 1 #ERA ) 73 7 5 8 W A A4 70 7 IRe Mg, s a . 2k, £
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4.3.4 Surface Enhanced Laser Desorption lonization Time of Flight (SELDI-TOF) Mass
pectrometry
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SELDI-TOF mass spectrometry utilizes a chip array that contains one of a variety of chemical or
biochemical surface receptors that will bind very specific protein molecules. The captured proteins are
then analyzed by MALDI-TOF mass spectrometry, and when compared with other mass spectrum from
known microorganisms, a microbial identification maybe obtained. This technology also allows for the
direct profiling of proteins from complex biological samples, thereby bypassing the complicated steps of
purification.
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4.3.5 Fourier Transform-Infrared (FT-IR) Spectrometry f& H H 2841 41t 3

Molecular functional groups can absorb infrared radiation to generate a transmission spectrum specific for
a material under evaluation. The material can also include microorganisms, and FT-IR can generate
organism-specific spectra without the need for staining, labeling or amplification. For example, cellular
material from a pure culture is spread onto a micro-plate and dried at 40-45°Cunder vacuum to create a
biofilm. The dried biofilm is then analyzed in the FT-IR spectrometer. Each cell's FT-IR spectra reflects
its biochemical composition, including proteins, lipids, DNA and RNA, and carbohydrates. This spectral
fingerprint is then compared with other spectra from a previously established library of known
microorganisms, and if a match if found, an identification is provided.
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4.3.6 Endotoxin Detection P4 & & &Ml

The detection of endotoxin, or lipopolysaccharide (LPS) may now be performed using a quantitative,
kinetic chromogenic method via a hand-held, point-of-use instrument within 15-20 minutes. The system
uses LAL (Limulus Amoebocyte Lysate) reagents and has a sensitivity level similar to larger
laboratory-based instrumentation (e.g., 0.05 - 5.0 EU/mL). Another technology utilizes an ELISA-based
procedure where phage-derived protein binds LPS to the bottom of test wells in a microtiter plate. The
plate can then be washed to remove components or conditions which may lead to interference during the
endotoxin assay (e.g., salt or extremes in pH). Following the washing step, the bound endotoxin is
detected using recombinant factor C and a fluorescent substrate. The sensitivity of this technology is
between 0.05 - 500 EU/ML.
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4.4 Optical Spectroscopy Yt itk

Optical spectroscopy methods utilize light scattering and other optical techniques to detect, enumerate
and identify microorganisms without the need for microbial growth, labeling or amplification, and in
many cases, obtain results in real-time.
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4.4.1 Light Scattering/Intrinsic Fluorescence Y& 8}/ R ¥R %t

Light scattering is a phenomenon in which the propagation of light is disturbed by its interaction with
particles. Instrumentation that utilizes Mie scattering (i.e., where the scattered light intensity is dependent
upon the particle size in a certain size range) and fluorescence detection techniques can provide
information about the size and number of viable microorganisms in air. As microorganisms pass through
a laser of a specific wavelength, certain metabolites, such as NADH, riboflavin and dipicolinic acid, are
excited and provide an intrinsic fluorescent signal that distinguishes the microorganisms from other
airborne particulates. Therefore, these types of systems offer the simultaneous and instantaneous
detection, sizing and counting of both viable and total particulates per cubic volume of air. Other
instruments utilize Mie scattering to detect the presence of certain classes of microorganisms in water,
such as coliforms, pseudomonads and protozoa.
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4.4.2 Raman Spectroscopy 7 & itk

Raman spectroscopy is an established analytical method based on the Raman scattering properties of a
material under evaluation. When a laser interacts with the material, molecules are excited, resulting in a
photon energy shift, which is related to the vibrations and rotations of the molecule. Because each
molecule has its own unique Raman spectrum, this technique can be used for the identification of
microorganisms. For example, a sample can be filtered, and each of the captured particulates is evaluated.
The resulting Raman spectra are then compared with spectra from a previously established library of
known microorganisms, and if a match if found, an identification is provided. Because Raman can target
individual particulates, there exists the potential for obtaining a simultaneous identification as well as a
microbial count.
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4.5 Nucleic Acid Amplification #ZBRY 5=

Nucleic acid and gene amplification-based technologies employ a variety of scientific principles,
including, but not limited to, DNA-based Polymerase Chain Reaction (PCR), RNA-based
reverse-transcriptase amplification, 16S rRNA typing, gene sequencing and other novel techniques. Many
of these methods will detect the presence of a specific microorganism, such as an "objectionable" or
pharmacopoeia "specified" organism, or can provide a microbial identification, in some instances, to the
strain or subspecies level. Additional methods can be used to estimate the number of viable
microorganisms in a sample, based on the number of amplification cycles required to reach a baseline or
threshold level. Because there are many methods and systems based on nucleic amplification techniques,
it is not possible to cover all of the scientific principles in this technical report; therefore, a brief example
of key methods is provided, and additional information may be found in the literature and in online
resources (26,27,29,30).
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4.5.1 Polymerase Chain Reaction (PCR)% & B8 [x MV

In a classical PCR reaction, DNA is extracted from microorganisms (e.g., from an isolated colony on an
agar plate) and heated to separate the double strands. DNA primers are then added which will bind to
unique target sequences on the template DNA. The primer is elongated when a heat-stable DNA
polymerase and nucleotide bases are added. T he result is two new copies of the template DNA. This
PCR process is then repeated, resulting in millions of copies of the target DNA.
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One of a variety of probes that also contain a fluorescent dye is included in the process, which allows for
the rapid and real-time detection and quantitation of the number of amplification cycles needed to reach a
threshold level, which in turn can be related to the number of copies of the target sequence in the original
sample. There are many different types of probes that bind to double-stranded DNA or to specific
sequences as they amplify and accumulate in the test system. The increase in fluorescent signals is then
detected. As an example, if a sample contains a DNA target sequence associated with a particular
microorganism, following PCR amplification of that target, the fluorescence signal from the probe will be
detected, and the system will provide a positive response for that particular microorganism. If the target is
not present in the original sample, then no amplification will occur and no fluorescence will be detected
(above the threshold or background level). If the method utilizes real-time, quantitative PCR, the DNA
amplification reaction is measured as it occurs.
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4.5.2 Reverse Transcriptase (RT) PCR Jx [a# 3% PCR

RT-PCR uses RNA, instead of DNA, as a starting template for the PCR reaction. In this process, RNA is
extracted from the cell, and the enzyme reverse transcriptase will create a complimentary strand of DNA.
RNAse H will then remove the original single-strand of RNA. A second primer and DNA polymerase is
then used to create double stranded DNA, which will be used in the classical PCR reaction as described
above. RT-PCR has some advantages over classical PCR, such as a lower risk of contamination from
nonviable cell DNA or residual DNA from the sample and/or work environment. RT-PCR is now being
used for the detection of specific types of microorganisms as well as the estimation of viable cell count.
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4.5.3 Ribotyping ¥ {44y 7Y

To maintain correct RNA structure and ribosome function in bacteria, the 16S sequence of rRNA is
highly conserved at the Genus and species level, but there are also nonconserved fragments within the
rRNA operon that can be used for microbial identification and for strain differentiation. This method,
known as ribotyping, uses restriction enzymes to cut DNA into fragments, which are then separated
according to size by gel electrophoresis. The double-stranded DNA is then denatured to single-stranded
DNA, which is subsequently hybridized with an rRNA operon probe and chemiluminescent agent. The
resulting bands emitted by the fragments are compared with previously developed patterns from known
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microorganisms, and a bacterial identification is provided. Additionally, the differences observed within
the same patterns can be used to provide information related to strain differentiation between bacteria
belonging to the same Genus and species.
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4.5.4 Gene Sequencing % F 551 58

Gene sequencing is used for the identification of a wide variety of microorganisms, including bacteria,
yeast, mold and Mycoplasma. The scientific principle involves sequencing each nucleotide base of a
specific DNA target after PCR amplification. Typically, the first 500 base pairs of the 16S rRNA gene are
used, although the entire 16S rRNA gene has also been employed for greater accuracy.

BELA PP B0 58 1 TG0 0T BB B AR SR 2 R = R 5 ) FORES I B 24 PCR 719 )5,
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DNA is first extracted from a pure culture of cells and then amplified via PCR in four separate reactions;
one reaction for each of the four deoxynucleotide bases: adenine (A) thymine (T) guanine (G) and
cytosine (C). However, a mixture of these standard nucleotides and dideoxyribonucleotides are used,
where the latter nucleotides lack a 3'-hydroxyl (-OH) group on their deoxyribose sugar. When a
dideoxyribonucleotide is randomly incorporated during the amplification reaction, elongation of the PCR
primer is terminated. This provides DNA fragments of varying lengths. Because each
dideoxyribonucleotide is labeled with a different fluorescent dye, a series of fluorescently labeled copies
of the amplified sequence, each terminating at a different base, is formed. These copies differ in
molecular weight and can be separated and detected (based on their fluorescence) using capillary
electrophoresis of the reaction mixes. By simultaneously analyzing each of the four reaction mixes
representing the four deoxynucleotide bases, software within the gene sequencer will reconstruct the
linear arrangement of these bases in the sequence being analyzed. The resulting sequence is then
compared with a library of known microorganism sequences, and if a sequence match is found, a Genus
and species identification is provided.
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4.5.5 PCR and MALDI-TOF Mass Spectrometry PCR 1 MALDI-TOF Jii
Combination gene amplification and mass spectrometry systems are also available for the detection of
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specific microorganisms and for microbial identification. PCR is first performed using primers and probes
specific for one or more target sequences. In one system, the resulting PCR amplified sequences, or
amplicons are transferred onto a silicon chip and MALDI-TOF mass spectrometry is performed. In a
separate system, the amplicons are introduced into an electrospray ionization-TOF mass spectrometer.
The ionized amplicons willreach the detectors based on their nucleotide composition and length, and the
resulting spectra are compared with an internal library of known microorganisms. These technologies can
detect a wide variety of microorganisms, including viruses, and can detect multiple microbial species in a
single sample (i.e., multiplexing).
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4.6 Micro-Electro-Mechanical Systems (MEMS) % H FHM RS

MEMS utilize microarrays, biosensors, Lab-On-A-Chip or micro-fluidic systems, andnanottechno- logy,
all which provide miniaturized technology platforms as compared with conventional, bench-top
instrumentation.
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4.6.1 Lab-On-A-Chip and Microfluidic Systemsas Fr Sc 3 %5 FIf R = 0t R 4%

Lab-On-A-Chip technologies employ sample preparation, fluid handling, analysis and detection steps in a
microchip format. Samples are processed through the use of microfluidics, where pressure or voltage
gradients move pico-or nanoliter volumes through miniaturized channels. Protein, DNA, RNA and whole
cells are able to be analyzed in fluid samples.
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One example of this type of technology utilizes a microchip to separate PCR amplicons for the purpose of
identifying and strain typing microorganisms. The system targets short, repeating sequences of unknown
function that occur randomly throughout the DNA of an organism. Primers bind to these sequences,
resulting in multiple fragments of various lengths, which are subsequently added to the microchip and
separated by size and charge. The amplicons then pass through a laser, causing fluorescence of an
intercalating dye, and the resulting profile is compared with an internal database of similar profiles. If a
match is found, a microbial identification or strain type is provided.
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4.6.2 Microarraysiil [ 51

Microarrays are composed of an orderly arrangement of proteins, DNA, RNA or other biological
fragments on a solid substrate, and can rapidly detect microorganisms of clinical importance, such as
influenza A and Avian H5N1 (bird flu) strains.
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One technology can identify up to 40 different species of Mycoplasma. DNA is first extracted from the
Mycoplasma culture and PCR is performed using primers specific for conserved and speciesspecific
regions of the 16S-23S rRNA intergenic transcribed spacer (ITS) of the Mycoplasma DNA. The
fluorescently labeled fragments are then hybridized to the microarray chip. The chip contains probes for
both species-specific targets and a universal probe for all Mycoplasmas, and if one of the targets is
present, the system will provide a positive response.
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4.6.3 Other TechnologiesHAth £ AR

MEMS technologies continue to be developed, and include biosensors, nanoarrays, and micro and
nanocantilever platforms for the rapid detection of microorganisms, viruses and other biological material.
As microbiology detection systems evolve and continue to miniaturize, there is the potential for
incorporating these novel methods directly into pharmaceutical manufacturing process streams and to
reduce the footprint for lab-based methods that are still in use today.
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5.0 The Validation Process
There are many definitions of validation. For example, ICH Q2(R1) states that (2):"The objective of

validation of an analytical procedure is to demonstrate that it is suitable for its intended urpose."
AVWZRTWUERE L. 1, ICHQ2 (RI) #iik: Jp#r 7 VAR AR H A& ik L& A T 1
JREpe

Another example of a representative one of these definitions used by the EMA is from
CPMP/QWP/848/96; EMEA/CVMP/598/99, September 2001 (31):"Validation is the act of demonstrating
and documenting that a procedure operates effectively. Process validation is the means of ensuring and
providing documentary evidence that processes (within their specified design parameters) are capable of
consistently producing a finished product of the required quality."

F—MNEREMER E LAEEMAJTR A, H HCPMP/QWP/848/96; EMEA/CVMP/598/99, 20014F-9  :
R U RE S — N RESAT AT o T EHUE R A 1 AR UEAI SR A4S k4 LAk W] T2 (A
HARBIBEI S HN ) B4 5 2573l 2 T SR B 7 it o

Therefore, two components of validation are the appropriateness or suitability of the process or procedure
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(meaning it does what it is intended to do) and reproducibility (meaning it continues to perform as
expected). In the context of a new microbiological method, it is, therefore, important to be able to
demonstrate the appropriateness of the method for the intended analytical application and ensure that
there are procedures in place to show it continues to perform to the same standard of quality over time.
DAL, 6k FA) P A 2R T 2 B () 3 P i A DL S (RO L U 2124 7) « X
TN ATIE R AP T VR, TR REE UE W12 7 00T P 1) 43 B I P PR M A R AT
FUREUE B RENS 35 SE (R F2 IR R A 1) e A e dE AT

Validation should be more than a study conducted on a new method or sample matrix. Instead it should
encompass the entire process that commences with the decision to change some aspect of the
microbiological testing program and continues through ongoing routine use of the method. It follows,
therefore, that validation starts from the outset, and the validation plan is designed to include each stage
of the process that is required to implement a new test method. Adoption of this approach is intended to
streamline and expedite the introduction of the new method by ensuring that each step in the process is
considered in depth and documented before moving onto a subsequent stage.

S0 IS G 7 VR ERE i A5 I ) SRS o S B P 58 DA 063 e 5 A S A AR A DR e ) 267
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As such, and in relation to alternative and rapid methods, a validated system may actually consist of
equipment or instrumentation, associated software and an analytical test method. There are many industry
guidance documents on the need for validation, and descriptions of a validation process. This Technical
Report focuses on the unique aspects associated with validation of alternative and rapid methods (and
their associated systems). Should you wish a more detailed review on the general requirements for
validation, appropriate references are provided to discuss these topics.

PRI, B R (R R DRI 5 30 SR SR UE 2R 40 1T B A B, AR SRR 20 A ik g 4 e
KA P UE T SRR FEFRAT VF 22 TV AR R SO o BRI S 5 nT e PR AR Iy 3% S
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Note: Some alternative and rapid methods may not utilize any equipment or software, and depending on
the simplicity of the method, there may not be a need to validate anything other than the method itself.
However, for the majority of commercially available alternative and rapid methods/systems that utilize a
variety of substantially more complex hardware, software, incubators, specialized consumables, or other
instrumentation, an analysis should be conducted to assess the extent of the validation strategy.

VER: LTI BRI R 7 vk AT REBCA R T v s, I Hoh T 8, BRIk 17 07 i
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There are many different approaches that have been successfully used for the validation of alternative and
rapid methods. Furthermore, these approaches have been accepted by regulatory authorities. While
examples of specific validation strategies are provided in this section of the Technical Report, it may be
necessary to modify or customize these strategies to most appropriately address a specific technology,
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method and/or application.
AV AR IR SR AT FE AN PRI T R T T30k 4, XTIk CARZ B Tt . R
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The original issuance of PDA Technical Report No. 33 was published in May of 2000 followed by the
United States and European Pharmacopeias each subsequently publishing a new chapter, USP<1223> and
Ph. Eur. 5.1.6 (3,4), respectively, regarding the validation of alternative microbiological methods. At the
time these documents were written, very few companies had implemented and validated alternative or
rapid microbiological technologies and methods. The validation approach used generally followed the
validation criteria for chemical methods in the various compendia, but redefining these criteria in
microbiological terms. Within these documents there are provisions for some of the validation testing to
be conducted by the supplier/vendor of the system (equipment, software and method) as well as
validation testing that should be conducted by the end-user.

PDA TR33_E—hi kAl 1200055 1, B Jm 5& AT 24 373391 KA 108 (¥ 575 USP<1223> and Ph.
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Broadly speaking, the validation criteria which need to be satisfied for microbiological testing methods
can be divided, with the exception of microbial identification, into two categories: quantitative (a test that
results in an enumeration of recovered microorganisms) and qualitative (a test with two outcomes; either
positive or negative). However, minor differences existed between the three guidance documents,
including terminologies, procedures employed during the validation process, data interpretation,
acceptance criteria and the use of statistics. Therefore, it is the purpose of this current version of PDA
Technical Report No. 33 to help potential users of alternative and RMM to achieve a harmonization of
performance parameters requiring validation for any new method such that one strategy and/or regulatory
submission can be acceptable in all geographic regions and by all regulatory authorities, and most
importantly, be scientifically defendable and justified. It is also the recommendation of this Technical
Report that the appropriate regulatory agencies be contacted and involved in the decision making process
for both the validation activities and the implementation/use of an alternative or rapid microbiological
detection, enumeration or identification method that will be utilized during the development and/or
manufacture of pharmaceutical products.
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5.1 Pre-Validation Activitiesi-iEFi {530
There are a variety of activities that may be successfully completed prior to initiating validation of the
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system, as some of these tasks are critical to the subsequent validation activities required. Completion of
these tasks can aid in completing a successful validation and, hopefully, reducing the number of
deviations and retesting that may be necessary during the course of the validation activities.

FESUETT AR AT 5 Tl 8 s B IR 58 i, D Ferp— S8 AR T R IN SIS 210 KB o 148
AR 5 BTT B 5 B D PR 56 UE A T RE D/ i 22 A1 G0 AIE % 3 s 2 AR S0

5.1.1 Proof of Concept (POC)#:& 81

The alternative or rapid microbiological method selected for use should be initially evaluated to ensure
confirmation of proof of concept (POC), feasibility or principle (i.e., assessing whether the method and
accompanying system is actually suitable for its intended purpose and that it is compatible with the
intended product or sample matrix). This proof of concept phase is most appropriate if the method
supplier has no supporting data on similar products or sample matrices that the end-user will routinely test;
therefore, POC testing can be conducted prior to making the final decision to purchase the equipment or
instrumentation. This activity can be conducted either by the end-user or the supplier of the
system/method. For example, the products or other sample matrices for evaluation during POC testing
and, when appropriate, the number and types of microorganisms chosen to challenge the new method,
should be carefully selected in order to ensure that the resulting data provides a compelling indication that
the validation of the intended method and accompanying system will have a high probability of success.
JIT I 1) T SR 26 R DR Gl A2 ) R S A T TR A DA PRUE SE LA &, T AT PR B (BRI P
2R R GEE - JL WU 38 155 3000 i srE b 2 & BAT A A D o BESIRUERT BOCH:
T8I 2477V R AT F T e 2 F P AT R M AR AR AL i B i 2 R SRR B s Rt
POCHIT AT 71 B 24 5 W S B BN s L BT o %35 80 AT e & HT P B R G/ 7 VA N R AT
Bl ZEPOCTU IR HI TP A (187 it s AR ot 20 & LR TP vk i i 2 E W iR i AR 2
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5.1.2 Assessment of Supplier Capabilities/Supplier Auditfit [ & 88 1 PRk /3L B 7 &

It is important to assess the ability of a potential supplier to meet the specified requirements (e.g., as
outlined in a User Requirements Specification, which is described in more detail in Section 5.2.2). This
can include the supplier's ability to provide validation support, when required, as well as field service,
software maintenance, and an uninterrupted supply of consumables and reagents. An assessment of the
supplier's financial viability, size of the company, and understanding of applicable regulatory
requirements may also be required. Some end-users generate an assessment or audit checklist for the
supplier to complete, while others may choose to audit the supplier's development and manufacturing
sites (i.e., capital equipment and consumables production facilities). These activities may also include an
assessment of the supplier's primary design (hardware and software) and validation of the technology.
PEALTERAE L DY 75 B8 750 2 B g R A RE ) 7> FLEE (- 4ZURSIEEK, 7E5.2. 271 P VR4 R .
VPN AT ARG A N R S AU SCHF I RE ), D ZEIN AT RE IR S5« R A BRI R A SRR A R
o EBERVPAG BRI S5 5 DL, 23 WL, VRS R A BIAR S . A7 S8 2T N7 1 VRAl e o
T A A R R S8 B, T AT 8 R R BN AN 1 (I A R AR 7 P M AT B e ot CRIT: [ 5 B £
FEME i) o IXEE S A] BEALFE R BN Ry R IR Vvt CREPERIER AT ) AR IR A TEAl.

5.1.3 Business Benefits or Return on Investment Considerationsis M 3% 21 8% % P13 % fe
Based on the POC evaluation and other pre-validation activities as described in the previous sections, a
thorough analysis should be conducted to determine the technical appropriateness of the alternative or
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rapid method for its intended use. Additionally, a Return on Investment (ROI) analysis may also be
helpful to support or justify the business case for purchasing the equipment and its subsequent validation
and implementation for routine use (refer to Section 3.4.1 for further discussion on this topic). The final
instrument selection and purchase should, of course, take place before initiating validation.
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5.2 Validation of the Equipment, Software and Method &£ 34177 15 (R IHiE

The validation of an alternative or rapid method involves the entire system. Therefore, prior to validating
the actual microbiological test method, the testing equipment/instrumentation and the associated
software/computer system should be qualified. For this process, an adaptation to the Analytical
Equipment Qualification Model maybe used (32).

—ANALE BRI T VE IR RS R BHEAS R GE. I, FERUERT, MR A SAH R AT/
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The validation steps described in the following sections provide a useful framework that can be applied to
the validation of a complete system (i.e., all the components of the new test method including any
instrumentation, software, firmware and reagents), and guides the end-user through the process steps
involved in the decision-making and practical work required for implementing a new alternative or rapid
microbiological analytical instrument and associated method(s). It is of note that the framework provided
here reflects a highly detailed approach, and some companies may not consider some of the validation
deliverables a requirement for commercial off-the-shelf equipment (e.g., conducting a Design
Qualification). As such, the overall validation strategy for particular equipment should be evaluated in a
Risk Assessment and documented in the Validation Plan (refer to Section 5.2.1 for further detail).
NI U PR T AN ARSI T EEAS R G e CRIV: OB I V2 ) B A
fF, GHERAE . AR BN, JF TR SR A ARSI S AT G PR A AT I PR R IR
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Not all the activities in each section need to be carried out in serial order, and as such, parallel path
activities can occur (e.g., combining the I1Q and OQ, if appropriate). However, it should be noted that
some activities should not begin until previous activities have been completed (e.g., the PQ should be
initiated only after it has been demonstrated that the OQ acceptance criteria have been met, and this phase
of the validation plan has been reviewed and approved). The deliverables to be considered for validation,
in addition to the recommended responsibilities for each task, are provided in Table 5.2-1.
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Table 5.2-1 Validation Deliverables and Responsibilities
PEATAT I UETH H FIER 5T
Validation Deliverable Responsibility 1 57
P AZAS B kT H User1)" | Supplierflt iV i
Risk Assessment and Validation Plan XU 53 #7 A6 AIE T K] \
User Requirements Specification (URS)H /7 7 K ML
Design Qualification (DQ) W& 1A
Functional Design Specification (FDS)ZHE 1% 1141 17
Requirements Traceability Matrix (RTM); 3KiB Ex 4 &
SOPs and Technology Training SOP 14 A 1%
System Integration /& 4 4445
Installation Qualification(1)Z &R A
Operational Qualification(1)iz 1T fifiIA
Performance Qualification (Method Validation): BEfffi A
7 EE5IE)

Suitability Testingd W 411
On-going Maintenance and Periodic Reviews

R A 52 1] ot

< |2 | <2<

< 2] <2 [l ||l

Suppliers and end-users may perform their own IQ, OQ and on-going maintenance. The end-user should
determine the extent of each party's roles in meeting the deliverables described above.
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5.2.1 Risk Assessment and Validation Planning X & 4387 F1 % iF +1 il

In keeping with the principles introduced in Section 3.5, the first deliverable of any validation exercise
should be a documented Risk Assessment. This is essentially a high level review of the potential risks
associated with implementing a new microbiological method, as well as the factors that are likely to
influence the overall approach to the validation of the new method (e.g., criticality of the generated data,
system complexity/maturity, use of electronic records/signatures). Critical method steps and parameters,
technical and scientific risks on method performance and the resulting data should be considered in this
assessment. The output from this activity will be an appropriately scaled and focused validation effort that
supports the pre-defined use of the new method.
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The next phase is the development of an overall validation strategy, or Validation Plan. It is the
responsibility of the end-user to ensure that the Validation Plan is appropriate and correctly documented.
Depending upon a company's requirements, the Validation Plan may or may not include those activities
as described under the pre-validation activities (Section 5.1).
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When it is determined that the new method requires validation then an approved Validation Plan should
be followed which will govern the process from beginning to end and will detail precisely what activities
are necessary to produce an appropriately validated system. Another key component of the Validation
Plan is the definition of system validation responsibilities, such as the identification of the individuals or
organizations/departments responsible for performing, reviewing and approving the work. The Validation
Plan should also specify how deviations from the approved testing strategy are handled, documented,
reviewed and approved. There are also situations where validation responsibilities may fall on both the
end-user and the supplier of the new method (see Table 5.2-1).
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Finally, it may not be possible to verify every feature associated with every piece of equipment. Therefore,
a decision should be made regarding the relevance of testing those features of the system (e.g., during the
1Q and OQ) that will not be used during the routine use of the new test method. One way to address this
type of concern is to obtain a certificate of conformance for those particular features within the instrument
received from the supplier of the system. Alternately, the Validation Plan should specifically exclude
those features and the reason why they will not be tested. For example, a system may offer the option to
document assay parameters via a thermal printer or a regular printer. Depending on which option a
company decides to pursue, the other may not be applicable and therefore not in scope for testing.
Similarly, if a computer function will not be used routinely, then that computer function may not have to
be tested during validation.
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5.2.2 User Requirements Specification (URS)F 7 Sk k%

The User Requirements Specification (URS) is a key document that explicitly describes the
characteristics of the method that will be required for routine use. As such, the content of the URS may
well determine the success or failure of the method selection process. The specification is typically
prepared by the end-user; however, it is important to seek input from other internal stakeholders, such as
Regulatory Affairs, Quality, Information Technology (IT), and other relevant validation groups, as well as
potential suppliers of the method. Many alternative and rapid method suppliers possess their own system
specification, often referred to as an External Specification or Supplier URS. Careful review and
comparison of the supplier's URS and the end-user's URS may help identify criteria not included in one or
the other which may be critical performance characteristics to be considered during the system selection
process. This may include not only the microbiological aspects of the method and accompanying system,
but also throughput, automation and environmental requirements, supplier expectations and/or

communication and computer system capabilities (e.g., Laboratory Information Management Systems or
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LIMS interface, data management). In cases where the end-user requires a very specific workflow (e.g.,
based on sample matrices and/or applications), the URS may serve as a starting point for additional
performance characteristics that the end-user and the supplier may need to consider and/or develop.

URS & WA K H 5 A (R R AR K S B SO o AL, URS IR N 3R] BERE VAL FE IR 1
DRI o SR — s A PR R, (HR, SR S R AR L, W2y BEHIT, i
A TT R AR SR BN DA S AE IR VA RN o V5 25 TR FERMRE T iR N R # AT H B 2
MIRGEER, W5 AR ER B HENY B URS . 4741 7 A% RO EE ALY B URS BA A J5e 28 FH P (1)
URSH] e 75 BRI S ST b ] BER AL 25 AR, TXAEHRIE T BEAE R GEk FEl B gl 2 SR
PEREFFAL . X IR W] BEAMX L 5 % 5V S A SR R G A=y, &6 )y, Bshitk
FEPERIIAEEER, N g ) SR/ il DL v SENL R Gefe ) (din: SEE6 545 VS BE R e s LIMS 5t
I, BB D o W R A P EORARE BARR) AR (e BE ARG RI/ENHTD . URS
AR by e 28 P RIS I 5 5 2 2% R/ BT A ) A 1 AR I RS 46

The URS will also be the starting point for establishing the validation criteria that will be tested by the
end-user. Therefore, the URS should describe the functions that the method and accompanying system
must be capable of meeting that will be very specific for the end-user s needs and the materials to be
assessed. Essentially, the requirements specified in the URS will directly influence the entire validation
strategy and acceptance criteria.
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The functions that the method and accompanying system must be capable of performing will most likely
be specific for each technology and the manner in which they are to be used. Examples may include, but
are not limited to, the application, the level of sensitivity (limit of detection or quantification),
microorganisms to be detected or identified (specificity), sample handling, automation and data
management.
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5.2.3 Design Qualification (DQ)#& 1-#iiA

Design Qualification (DQ) is documented review and verification that the proposed design of the
equipment or system is suitable for its intended purpose. Therefore, the DQ is most critical if no
commercial off-the-shelf equipment is available for the intended application, and must be specifically
designed for that purpose. However, since most alternative and rapid microbiology methods/systems are
commercial off-the-shelf equipment, the DQ serves to verify that the equipment specifications will meet
the requirements as provided in the URS. The DQ may also take data from proof of concept testing into
consideration, when appropriate. While this is termed "qualification" and is part of the qualification
process, the DQ activity typically occurs prior to purchasing and validation of the method and
accompanying system.
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The DQ can be performed by the end-user and/or the supplier; however, the end-user is responsible for
verifying that the method and accompanying system meets the requirements as specified in the URS. The
methods for accepting the DQ and the instruments' suitability for use will be determined by the nature of
the instrument, the complexity of the proposed application, the complexity of the software used for
instrument operation and data analysis and the prior history with the supplier. Vendor audits,
vendor-supplied documentation reviews and/or direct examination of the system can satisfy the DQ
requirement.
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5.2.4 Functional Design Specification (FDS)Zh 881 11 #iA

Prior to initiating the validation phase, a separate Functional Design Specification (FDS) document that
describes all of the performance functions and requirements for the method and accompanying system,
and what will be tested to ensure that the method and accompanying system performs as specified in the
URS, should be written. The FDS can include microbiological and performance characteristics such as
system and method functionality, configuration, input/outputs, environmental conditions, utilities,
computer and communication architecture, interfaces, data management and security. The FDS can also
point directly to the specific test scripts where each performance function or requirement will be
evaluated and verified against pre-established acceptance criteria. For example, test scripts can be placed
within the Installation Qualification (IQ), Operational Qualification (OQ) or Performance Qualification
(PQ) sections of the validation plan. The FDS may be written by the end-user, the supplier or both parties,
and may also be incorporated into other relevant documents, including the URS, depending on a
company's validation requirements or preferences.
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5.2.5 Requirements Traceability Matrix (RTM) 7 3K E B2 %R B

The Requirements Traceability Matrix (RTM) provides traceability that all the requirements listed in the
FDS and/or URS have been verified and/or tested. This may be considered a validation checklist and is,
for all intent and purposes, a living document during the execution of the validation test scripts or
protocols.

RTMJ J-IBEAFDSHI/BRURS R EE SR IE AT CHEAT A AN/ FEmT A5 o 96 UE T o A S AE AT I
RNy S 1 B B T @ i B S

5.2.6 Standard Operating Procedures (SOPs) and Technology Training SOPRIH: AR £
Standard Operating Procedures (SOPs) that facilitate the proper execution of the method and system
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instrumentation should be written and approved prior to the execution of the validation plan. The need for
effective instructions is important in order that personnel can understand exactly how to perform the new
test, operate and maintain the associated instrumentation. SOPs should be appropriate, clear, accurate and
approved by the proper individual/organization. Often the supplier of the new method will provide
instructions for the system in order that they can be incorporated into an end-user's internal SOPs with
minimum effort. However, it is the responsibility of the end-user to ensure that all SOPs are appropriate
for their intended use.

A SE TS UE VR A A T 7 (AT 5 M RGNS I SOP o N 448 BRUEAT His 3 LA T
VBN D3RS A K B AN T AT B 730, BRAE RN YES AH DAL . SOPIUE L. VA8 . MERA AT IE o
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Additionally, those analysts that will conduct the validation and/or operate the system should be
appropriately qualified for these purposes. Therefore, training with the system supplier should be
completed prior to the start of the validation activities, and this training may be conducted in-house
(usually during the initial commissioning of the equipment) and/or at the supplier's own training facility,
when available.

JiAh, SR E A/ EERAE R G T N NI A BRI, N AR T AR R B 2 158 B Y
FlL JFHAZFAINAE A w1 B GEFAER SIS B F1/s e g 35 I kAT

5.2.7 System Integration RG34

System integration usually refers to information technology (IT), or computer systems, and involves
bringing together all of the component subsystems into a single, operating system and ensuring that all of
the components of the system function appropriately. If the alternative or rapid technology requires to be
connected to a separate data management storage and retrieval system, such as a Laboratory Information
Management System (LIMS) or similar platform, system integration between these various components
may be required. The supplier may need to work directly with the end-user's IT organization in
developing an acceptable integration plan.

RYGHE BIRITEGI LR S, I RS E A SRS, RGN IR ITE R D6
Lo R AT R ARG A BRI R A N e i B A AR B2 RS, WILIMSEERB- &, Al
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5.2.8 Installation Qualification (1Q)ZZZ&/A

Installation Qualification (IQ) studies should establish that the equipment is properly and safely installed
with the correct utilities in an appropriate laboratory or, in some cases, manufacturing environment. A
significant part of installation qualification is a verification that all new equipment was received and
meets the design specifications for the equipment ordered. Any exceptions to the original specifications
should be documented, showing the corrected specification and approvals. It should also be noted that an
1Q is instrument specific and portions of an IQ may need to be repeated if the equipment is moved within
the laboratory or to another user site. An exception to this rule may be for instrumentation designed to be
portable.

TQAIF 7 it A RE e 46 A 10 L 1) I 0 8 2R ™ A B PP IR AT 2 A 1) 2 R PR IER I A T R S 1Q
PR F S 2 S A DA T AT BT o6 B0 A A% SR (R Vv RS o WAL S5 T AT 3 S AR RS 1) S
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1Q studies should be performed in accordance with an approved protocol. Examples of the fundamental
types of information to be included in an IQ document include system descriptions, utility requirements,
operating environmental conditions, safety features, calibration requirements, software to be installed, and
supporting documentation (e.g., technical manuals, blueprints, drawings). Computerized or
microprocessor controlled systems should also document important features such as dip switch settings,
cabling connections, microprocessor chips utilized, the computer configuration, any special features of
the equipment required, printer connections, buffers, files, and memory requirements. It is also important
to document the software required and appropriate version numbers. This includes any operating systems
used by the computer.

TQWF T NAZ AL EIN T AT o TQIUAF A& (A BRI s RAEHIR . A RGER . 1
VERRIG A 2ty ml BIGZER . AR 2 M SCHE S CInBeR T B 40 o THELER
A LR ) R G0 A s AR AR T O . BRI R . T WL R GLIE R, Zaah s At
ALK o 77 B AE B RA 5 AR . ARG TR P 8 R 4t

The IQ may be carried out by the supplier during the initial installation or system integration of the
equipment and witnessed by the end-user. However, depending on the extent of the supplier's 1Q as
compared with receiving company's validation requirements, a separate and more extensive 1Q may also
be performed by the end-user.

QAT {EMI A 42 b BRBE A R G HE B B Bk B D Ry AT O i e 8 7 e . (ELR, AR R AY R IQI Vi
il SR A m SR UE ER S B, AT RERS S d 28 P kAT S b Ve R EE ) IIIQ.

5.2.9 Operational Qualification (OQ)izZ{TH4A

The Operational Qualification (OQ) verifies and documents that relevant system parts or functionalities
(and if applicable, associated software) work within pre-determined limits when operated in accordance
with their operational procedures. Typical OQ parameters may for instance be verification of specified
heating or cooling rates, adequate performance of optical systems or proper functioning of the user
interface.

OQANFIIL 3 2 #5 JE AT AL AT HRAF I AH O R Gl 0 B BEPE (ARSI EREE BRI T
E o MR I OQZ AR L A N LA R I FA ml v A1, Dl 2% 28 e e M RE B A ] 3 9 o (13 =4 D g

Furthermore, there is an expectation that any system, which will be used to generate regulated electronic
records (and/or electronic signatures), is appropriately validated for this use (e.g., to generate records
which are accurate and reliable and which can be appropriately maintained and accessed, or to comply
with the expectations in 21 CFR Part 11). Other examples of computer testing that will be performed
during the OQ include, but are not limited to, administrator control and operator access, user ID and
password set up, user and system lockout, data, audit trails, report generation, data transfer and server
communication, data backup and recovery, database management and integrity, and interference (radio
frequency, electromagnetic or wireless). Additional guidance and requirements regarding the validation of
computer systems may be found in EU Annex 11, 21 CFR Part 11, and Good Automated Manufacturing
Practice (GAMP) (33-35).

386, AR T AR Rl (R 13844 IR GO HAE TS0 UE Cm: T
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5.2.10Performance Qualification (PQ) M BEfIA

Performance Qualification (PQ) provides documented confirmation that the equipment, as installed and
operated in accordance with operational procedures, consistently performs in accordance with
predetermined criteria and thereby yields correct and appropriate results. This may, for instance, be
demonstrated through the successful validation of a microbiological test method using that particular
equipment or through application of another experimental setup, which may also encompass an
appropriate selection of test microorganisms and/or other material (e.g., nucleic acid standards,
fluorescent particles, etc., depending upon the technology).

PQAY B A 4% WA R BEA T 2 e MR, F B s 12 AT I i bt A2 IE AR 1L (1 45 AR A1
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Method Validation /5 ¥2: 5 iF

Method validation is the process by which it is experimentally demonstrated that the alternative or rapid
method is adequate for the intended application and performs in a reliable manner. Furthermore, where
applicable, it has to be demonstrated that the alternative or rapid method performs at least equivalently
(i.e., it is non-inferior) to the existing or reference/compendial method intended to be replaced. This is
also referred to as equivalence or comparative testing. Section 5.3 provides detailed guidance on the
parameters that should be addressed during method validation.

D3RI A P i B T ok P i bRod g 2@ ] T U N A HasAT el Se i i . 5adh, Wi,
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Suitability Testingid W 11 i

Since the validated method will be used with actual product or test samples, suitability testing should also
be performed to demonstrate that the presence of a particular product, material or sample matrix does not
significantly impact the performance of the alternative or rapid method. Section 5.4provides detailed
guidance on the parameters that should be addressed during suitability testing, including false-positive
and false-negative assessments.

H T80 UE 0 5 320 35 B it R o, W REA T 3 DRI K DA WS 22 7 i« PR BOh it 2
B AN 25 25 50 W AT PR s R T VR R PERE o 5. 47554 17 WA 18 I PR BRIk v B3k 1) 2 250 A
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5.2.11 On-going Maintenance and Periodic Reviewsfr & 4E3 1 5 #H 5 1%

Following validation of the new method and accompanying system, appropriate procedures should be
established to maintain the system in a validated state, for example, SOPs should be implemented, the
method and accompanying system should be included in a change control program, and all

instrumentation or equipment should be maintained in good working condition.

BONEMM R R G 5, NS H L LUOR TS R GRS, W1, $hATSOP, JiiAAIAH

FIHE AR S, GMP BRI EAT# 5 44 90 4L 78 0T

44



& ouryso. cos AT 2 A $22 A B 1

RAGNA G LIEHIREF N, P s s N AR FF R4 10 TR .

Once the new method and accompanying system has completed validation, subsequent change controls
should assess the impact of the change on the validation status of the system. Additionally, a formal
mechanism should be put in place to periodically review the method and accompanying system's
performance, as well as the overall validation program in relation to current GMPs.

— BTN SC R G 58 ORIE B 73 SE 2 R W P AS A8 SN T R GERAERAS 5. S34b,
AR SCHIBL AR LA Yo A% VR IR 5¢ R e P 8 LA S 5 cGMPAH S IR SUA R TE R o

A special area of concern is the preventive maintenance program, frequently handled by the equipment
manufacturer of specialized equipment. Many programs include updating system software with the most
up-to-date software versions, extension of databases and periodic calibration checks. It is important to
ensure that appropriate re-qualification testing is performed before placing the system back into use and
that the end-user is cognizant of GMP requirements and performs the maintenance accurately in addition
to documenting the activities that were performed. The Supplier should also provide information on the
potential impact of repairs or spare part changes, in order to define re-qualification or verification
requirements.

A AR I R 2 TS PR AR P BB 2R B AT V2 IR LA ST RS K
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Finally, the results or outputs of this phase should feed back into the first phase of the validation process,
namely, risk assessment, to ensure that the overall operation of the new method and accompanying
system does not introduce additional quality risks associated with the lifecycle of the products and sample
matrices that will be tested routinely.

i, BB EUR N A R AR R R BB At MR AL, DU R BT VAR S R 4L
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5.3 Establishment of Method Validation Criteriaf \Z. 77 VAL IE bR #E

The task force for this revision of this Technical Report has considered the USP, Ph. Eur. and the original
PDA Technical Report No. 33 recommendations, in addition to current industry practice and regulatory
expectations for the validation of alternative and rapid methods, in developing a selection of acceptable
strategies for satisfying the validation criteria for quantitative and qualitative alternative and RMM
(microbial identification methods are addressed later in this Technical Report). The recommendations are
found in Table 5.3-1.

X B AE PR AT IEFEAMRMM S VE CUZEY) S0 5 AR AN TR B e i) 51 rR AT I 3R D, AETT R
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Method Validation /5 ¥ 5 iF

Method validation is the process by which it is experimentally demonstrated that the alternative or rapid
method is adequate for the intended application and performs in a reliable manner. Further-more, where
applicable, it has to be demonstrated that the alternative or rapid method performs at least equivalently
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(i.e., it is non-inferior) to the existing or reference/compendial method intended to be replaced. This is
also referred to as equivalence or comparative testing. Section 5.3 provides detailed guidance on the
parameters that should be addressed during method validation.

JIERUE A R A SERE W T AT Rl Rk 10 U7 30 3 A U O LA AT SR i 5 AT . E T
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Suitability Testingid H £l

Since the validated method will be used with actual product or test samples, suitability testing should also
be performed to demonstrate that the presence of a particular product, material or sample matrix does not
significantly impact the performance of the alternative or rapid method. Section 5.4 provides detailed
guidance on the parameters that should be addressed during suit-ability testing, including false-positive
and false-negative assessments.

AR A7 2 )T S B A A it s s T I A R AT A UE A A B R S ER 7
MRFEGE R i 2L B AN 235 A i ] IR P R VA T e o S5 480 > S H0 R I T AE TN
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Table5.3-1 method validation criteria

225.3-1 HIERAESEL

Validation Criteria Quantitative Method Qualitative Method

LAl 2 IR FE T
AccuracyMEAf & Yesi& No7®
Precision i % J& Yes s No7?
Specificity & J& 1t Yes f& Yes/t:
Limit of Detection il i Yes s Yes/&
Limit of Quantification & & [} Yes s No7F
Linearity 2k V£ Yes J& No7?
Rangeils Yes s Nof5
Ruggednessifiyf FH £ Yes s Yes &
Robustness & #& 1 Yes j& Yesi&
Equivalence/Comparative Testing %% /i ¥/ Yes B Ve
EE I

All of the validation criteria, with the exception of Equivalence/Comparative Testing, are usually proven
with standardized microbial suspensions (e.g., different cultures of bacteria, yeast and mold) in suitable
diluents. During validation criteria testing, these microorganisms are used to demonstrate that the
acceptance criteria (specific to each validation criterion) are met, and, when applicable, are at least
equivalent with the results of the existing method (i.e., when using these same standardized microbial
suspensions or an equivalent preparation).

JIT AT BB UEARAERR T AR/ BRI, 38 AN R R 77 (R b AE T TR R R B (481
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eriE ) RN AEARAED , JF HANRE S, EAOSBERINE (B, 24X L bR b
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During Equivalence/Comparative Testing, actual product and/or sample matrices (i.e., test samples from
the working environment as opposed to standardized laboratory cultures) are utilized. However, when the
product or sample matrices are not expected to contain viable microorganisms (e.g., Water for Injection
[WFI], air samples from ISO 5 environments, or test samples that typically provide a negative result
during sterility testing or the microbiological examination of nonsterile products), challenging these test
samples with known levels of microorganisms, and comparing the response in both the alternative or
rapid method and the existing microbiological method, may be required.

SERUPEVP A DK 2 T BC SR i B RE S LA oM T (o, AR AR B 5 AR i AN 2 ARt
SRR o (H AR S EFEAIY T REAN B A TR IR (B, VESSHIK, TSO5FAEE T
ZEREAS, T B T S 2R I P 8 R P DA ot A T R i Bl A ) R A S R B PR RO AR D
P 28 KA AE KT I R O LU ASE T e85 V2 A DR A v B E A7 AE A ZE G I 5 32
Y J3E 2 5 S

Actual product and sample matrices are also utilized during the assessment of background noise,
interference and the potential for false positive or false negative results (i.e., this is covered in the section
on Suitability testing).

FLSEIIREAFIRE 20 5 A HIR PO 5o . TR B e . R BIvESS R (i, 3X A
WAFEAEE I PER A

The following sections provide definitions and protocol recommendations for each of the validation
criteria, including testing procedures, acceptance criteria and statistical analyses, for quantitative and
qualitative alternative and RMM.

T AN DAy R AT R A AT IR B VAR R T VAP T AR G U R 1) s SO Jy %, A 4%
WARRER . Aresebnite s Hdmgeih- ot

Validation testing may also be designed and executed where the data from one validation criteria study
may be used for several other validation criteria requirements. For example, the data derived during the
test for Linearity may also be used for the test for Accuracy.

RAE XA AT R BT R AT SR S B — b A AE (0 28 T LAS 25 J LA e B e AR e 2Rk . ]
i, etk MR s 2 A0 fERE G HERT IR

It should also be noted that these recommendations are not all inclusive, and end-users may find
alternative strategies (e.g., revised, additional or reduced testing, based on risk assessments) that are also
satisfactory for use and accepted by regulators. In this instance, end-users are strongly encouraged to
discuss their validation strategies with the relevant regulatory authorities prior to initiating their proposed
validation plan.

EAFVE R A IR SO HEREA S WA P 10, S ] BRI v Ik 0530 (BT S B30 Il 22
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5 R SRVE R 2 R Ve AT A 6 A SR

5.3.1 Accuracy #EHISE
Definition & Y.
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The accuracy of a quantitative alternative or rapid method is the closeness of the actual test results
obtained by the new method to the actual test results obtained by the existing method (e.g., standard plate
count). Accuracy should be demonstrated across the practical range of the test, and the range may be
dependent upon the new method's quantitative recovery capabilities.

e BRI 5 9% R R A P T 10BN 45 R 5 A AR IR 5 ik K 4 R LA %
FEPE CURFRAEVERRTT 20320) o AR 0 2000 ek S B K 9 Bl N o E B, v R AL ik
& AICRE -

When using the standard plate count method, the range will be limited by the countable numbers of
colonies on a plate for a particular dilution of a microbial suspension (e.g., 25 to 250 cfu). Accuracy is
usually expressed as the percentage recovery of microorganisms by the new method as compared with the
actual recoveries from the existing or traditional method. Accuracy in terms of microbial identification
systems is separately addressed in Section 5.7.
ARV B BT 52 SR AR 5 0] AR T B VB 1B L T RSP T % T 88 H B A
(tn2530250cfu) o RS W HIH 71252 bR B0 5 G2 A7 (LI 8% SE) 7R AT 180 F iR
A 20 SRR s o TR0 2R GEHERf e A1 5.7 P EA T e

Proceduref) T

Prepare a suspension of microorganisms in a suitable diluent at the upper end of the range of the test and
serially dilute down to the lower end of the range of the test. At least five (5) suspensions across the range
of the test should be analyzed. Additionally, accuracy should be measured at each of the suspensions
using an appropriate number of replicates (e.g., at least triplicate), especially at the lower concentrations,
where the variability on recoveries may be more pronounced. Actual recovery counts are obtained for
each suspension using the new and the existing methods. The percent recovery for the new method is
determined by comparing the recovered counts obtained by the new method with the recovered counts
obtained by the existing method.

R R AR AE G B (R 771 o 126 1) T BV, IR S D Y [ A BR, R eiRe AR I . 22 /D
& IAZON BRI T8k, FEAGON 2 /DFAT R 2 AP (BT, 2=/ =) Sk ik
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RN IR B &S Rr RS CEIIDN: RS- (Ml s iR S G ESINNTRES @

Acceptance Criteria and Statistical Analysis$% 52 brEFN G TH 5 M7

The new method should provide equivalent or better results than the existing method. The new method
should provide a recovery of viable microorganisms not less than 70% of the actual recovery provided by
the existing method for each suspension.

BTPEIR IR 45 R VA% S R B T2 T ik o REASFRREG 1 T BORT 5 2043 2R3 1 2B 1)
[EPfE A 2 A5 2 A B R A D 1-70%.

Alternatively, a statistical comparison between the new method and the actual recoveries using the
existing method may be performed. If the methods generate data that are normally distributed and have
equal variances, a simple approach is to apply a Student t-test. If variances are not equal, a Student's t-test
with Welch's correction may be used. If CFU counts do not follow a normal distribution, these should be
transformed in order to have an almost Gaussian distribution by using, for example, the log of the counts
or the square root +1 (which allows inclusion of "0" values). If CFU counts do not follow a normal
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distribution despite transformation, an adequate nonparametric test should be applied (e.g.,
Mann-Whitney-Wilcoxon test).

T3A0, AT B ARAT Ge vk U T8 7 i AL T 2 A R SE bR e . a5 97 R B 2 o
A7 ZER A, AN R DT IO NI R . AR ZEANHAE, R T DU TR R T B I 2R
CFUH AN (E A&7 A1 X LL W %8 48, i, Flog (P75 AR+ 18 SAVFEL &0 M), RSEI—
AN AT o W R CFUTHECANEAG IE 2 70 A ik, T84 BER F e384 (1 AES B 56 (41
4, Mann-Whitney-Wilcoxonlix).

Analysis of variance (ANOVA) can also be utilized. The use of ANOVA is primarily indicated if more
than two groups of data should be compared (cases with only 2 groups can be covered with Student's
t-test). Also ANOVA requires normally distributed data and equal variances. If CFU counts do not follow

a normal distribution, these should be transformed in order to have an almost Gaussian distribution by
using the log of the counts or the square root +1 (which allows inclusion of "0" values). If CFU counts do
not follow a normal distribution despite transformation, an adequate nonparametric test should be applied
(e.g., the Kruskal-Wallis one -way analysis of variance test). If a significant difference between the data
sets exists, Post-tests (e.g., Tukey's test) indicate the data sets, which are significantly different. Some
Post-tests rely on comparison of confidence intervals. If the confidence interval for the differences
between the true means of the new and the existing methods contains zero (i.e., the upper limit is a
positive number and the lower limit is a negative number), then there is no statistically significant
difference between the two methods. Alternatively, because microbiological counts tend to follow a
Poisson distribution, the ratio of the means maybe used; if the confidence limit of the ratio contains one,
no statistically significant difference exists (36,37).

Ji 22 AT DL T o A 20 21 080 T R B AT AE L 5 22 20 Al (91, el e L mE 20 By i 4 a3
B2 TR LA AR AT ZEAHSS o R CFUT BN I 1A 50 A1, IX L AR ARl T4 —A
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e N NE 2 0 HE S 08 560 (W03E FH Kruskal-Wallis 5 [ 7 22 50 HTAR 572 i SRR s odh 42
2 ) S 35 22 S AT AE  Post-tests( W1, tukey s [N ) FT FH 123 Ik L6 B AN R (P B4k 45 . — 2 Post-tests
DA BT DR ) LA o an OB 7 VAN A 7 VA ZE I BAS X A0 3 A8, (B B FRZ — AN R4,
R A, AKX R EZ WA e RS 2R 5340, BN R v B A e A 20 A,
WVF 2T EE 2R 75925, 00 2R B AR ) B AR XA A3 — IS A ANEAE Ge vt L W2 22 5 (36 37).

However, it should be noted that the two methods may be statistically significantly different but this
difference is of no practical consequence. In other words, the results should be reviewed against the
requirements of the test. The reason is that even smaller differences become significant with increasing
sample size, leading to situations where the difference is significant but the actual recovery of the new
method is clearly higher than 70%.

SR, AEARE RS AT T BEAE G2 PARAE 257, ERSERRE R e 5%, 52,
AR T BT A ARG SR N A% R EA T [P BT e Jt DA b R ORI, JOAS N IR 22 57 vl ARG ™ 1, 3
U RF TR 22 AR A3, (HSERRH 5V R ] A2 R T 70%.

On the other hand, insufficient sample size may lead to situations where no statistical difference is
detectable, although mean recovery may be below 70% (this may be the case with high standard
deviations). Therefore, it may be advisable to use test power calculations in order to verify
appropriateness of the used number of replicates. If no systematic power calculations are performed, used
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sample size should not be lower than six (6) replicates per data group and statistical test (36, 38).
o35, FEAEANE T RES ST O T e ge v 22 5, AR A R AT RER T 70%(IX AT
BEAE AR HEZE )0 PRI BLHE W AR5 2 A X D 3 v 5, SR b 22 R T P A TR ot R B 2R
BAHPAT RGNS, R BARAI MG R0 A I FEA R NANAR T 6 AT, (36,38).

As opposed to classical hypothesis testing which focuses on whether the application of different
experimental methods leads to different outcomes, statistical equivalence or non-inferiority tests may also
be used.

AN T2 MBS 36 GV T AN R R S0 55 2 15 AN [ R 45 2R 8 o A5 AR 5 Pkt vy A
e

Due to potential differences in microbial detection methods, there exists the possibility that the new
method will recover a higher number of microorganisms than the existing method (e.g., when the new
method does not rely on microbial growth). Because it is not possible to predict the outcome of microbial
recovery of all alternative or RMM and for all sample types, this TR does not recommend an acceptable
upper level for recovery during Accuracy studies. The end-user may want to consider establishing
relevant upper levels, as applicable for the technology being evaluated, to ensure that recovery counts are
acceptable and not due to sample, method or instrumentation issues. Here, in-put from the supplier of the
alternative or rapid method may be appropriate.
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BONEAMA T AP o PG E AT BETTIN A -T2 Pl i R 2 (0 P T e 9 VR s i Jy
IR RIS I A5 2R, BT AEREAT [RSCR HER LR TN, ASTRANEE BB B R AR R T 252 10 L
PRARE QRS TP R EIE, & ol ReAREEE B AR R, DA R Im i3 7y T
LA, ANSZAEAS . D5 A 1 ) R 52 o AEIX IR, W35 V2 bR g R B B s 10 2
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5.3.2 Precision 5% E

Definition & X

The precision of a quantitative alternative or rapid method is the degree of agreement among individual
test results when the procedure is applied repeatedly to multiple samplings of the same suspension of
microorganisms and using different suspensions across the range of the test. In the context of this section,
precision may also be referred to as repeatability, within-run variability or intra-assay precision, and
makes use of the method within the same laboratory over a short period of time using the same analyst
with the same equipment. The precision of a microbiological method is usually expressed as the standard
deviation or, for the purposes of this technical report, the relative standard deviation, which is also
referred to as the coefficient of variation.

A AR ] R A A T s e B2 I 22 1 AR 2 00 O R vt AN U X L P 8 P AN T3] ) TR i i,
AN IR TR ) — BVl — Pl B T R Ve R VA RS R B o AEAST TR, R AT DL
NERNE, RO, T2 A ST 5 R0 N 1) P A P A 1 20 B DA [ PR 18 26« 1k
PR TR IR FREEE 5 2705 D b Al 2 AR B AR 35 BT ORI Al 22, AR 2R 5 AR 4

Precision may also include a measure of either the degree of intermediate precision or reproducibility of
the microbiological method under normal operating conditions. For example, intermediate precision (also
referred to as run-to-run variability) refers to the use of the method within the same laboratory using
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different analysts, equipment and on different days. Reproducibility expresses the precision between
laboratories, for example, through collaborative studies. Intermediate precision and reproducibility are
addressed in Section 5.3.8, Ruggedness. Therefore, when testing for precision, firms may include the use
of single or multiple analysts, as desired.

2t P A A AE I A AE 25 A T BB E 7R D 1) P D RS 2 B2 (R B e B I o il e DK
L (W RR AT TR 1) F8 1) A A A — AN SER %, AFRIARIRI I 72 AR 43 A s A (] ) 8 6
ANTFI Y PR R 45 SR RS 2 B o BB RN SR S 2 I RS S B o il e MRS R T
AEIMERAES. 3. 8T FFIEAT TR IRk o DRI, MCRT LI, Al e iy ERA e A~
it

Proceduref) T

Prepare a suspension of microorganisms in a suitable diluent at the upper end of the range of the test and
serially dilute down to the lower end of the range of the test. As counts approach the lower end of the
range of the test (e.g., a single cell), variability in precision will increase. Therefore, suspensions should
be used that will be appropriate for assessing precision. At least two (2) to five (5) suspensions across the
range of the test should be analyzed . For each suspension, at least five (5) to ten (10) replicates should be
assayed for recovered counts in order to calculate the coefficient of varia-tion. Precision calculations are
to be performed on both the new method and the existing method.

AER S G LB GEE LD 1 JC B A3 AR 32 MR 22 Y BB R BR 2% o ko4
FAEVE R IR (B, BRANBETRD RS EERI AR RGN, R, BRSO R EE S AR VA
RGP o /DAL A 2 A2 BI5 MK L I RS RN /DB GBI 104 58, el
HERSD o FT VRN Ty iR AR B AT R BT 5

Acceptance Criteria and Statistical Analysis "] #2532 brUEFI L1120 H7

Generally, the precision of the assay should be appropriate for its intended purpose. The alternative
method should not have a variability that is significantly larger than that of the existing method, except
when a clear rationale or justification exists why such higher variability can be tolerated. Whether a
comparison to the existing method is adequate has to be evaluated by the end-user. For a traditional plate
count method, a coefficient of variation of less than 35% for a microbial number higher than 10 cfu is
generally expected. If the new method meets the 35% value, there is no need to compare the new
method's coefficient of variation with the existing method's coefficient of variation. However, if the new
method does not meet a 35% coefficient of variation, then the new method should have a coefficient of
variation that is not significantly greater than the coefficient of variation of the existing method.
MR SRRSO EESE S E T A . IR EEN R A AN % —
AN AT AR BB IR T AT AN RS 4 R B R U] AT A AN R T AR R AU T
2k 1 VP, 5 AT 57 B EE B 5 7803 o ARGERI AR s, A H L 10CFUI T 4R
FBURT35% 8 T LLIEAZ 10 o BT 5 92 i) ] AR 2R B30 A2 35%, AR A it v A i 2[R BAT 10 kst AT
FIAR R LA o AR 2 P AR RO A IR B35%, T4 BT A ] AR R BRI AR B
{DE: NS

To demonstrate that the new method's coefficient of variation is not greater than the existing method's
coefficient of variation, the McKay approximation may be used (39). For example, the coefficient of
variation of the new method will be declared not statistically greater than the coefficient of variation of
the existing method if the confidence intervals intersect, and the upper limit of the 95% confidence
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interval for the new method coefficient of variation does not exceed the upper limit of the 95%
confidence interval of the existing method by more than 10% (e.g., if the upper limit of the 95%
confidence interval of the existing method would be 35%, the upper limit of the 95% confidence interval
of the new method must not be higher than 45%)).

McKay I ALMELRE i F SRAIE B — AN 5 725 0 ) A8 R 0BT EE AT R 2 AR K. il dn SR8 s
VRIR R AR ZR AR 95% ) BLAR DX TRV L PR 5 AT J7 VA I AT A8 2R E K 95% ) B X |) L BRAHEL, 3o
L 10%, S AT A W 75 R T AR R A L S AR AR R E . (i 22
FAAETT I 9% R B A X 7] L BRAEL A& 35%, T84 57 7 E95% T R A DX 7] )L B A2 A A 2 i 45%.. )

Another approach may be to use a statistical test for equal variance (e.g., Bartlett's test for normal
distributed data or Levenes test for not normal distributed data). A third approach may be to statistically
compare the coefficient of variation values of the new method with the coefficient of variation values of
the existing method using a paired t-test (i.e., coefficient of variation values obtained for the same
microbial suspension and from the same test run should be paired).

TIAN R ITE AT LRI GE T2 07 i SR A5 2 Sl (i, Bartlett” sl sl £E 1E A 20 A1 Hodhs 2
Levenesilli{ Hl TARIEA DA K Lo D o 28 =FpvAmt 2 et LBSH rik Al ﬁﬁ&iﬁ’]TE%ﬁ
XA BTG, (B, AIR) A Ve R [ P Ik SR AT R ) 2 A B A e 10X

5.3.3 Specificity L @14

Definition & X

The specificity of an alternative or rapid method is its ability to detect a range of microorganisms, which
demonstrate that the method is fit for its intended use. For alternative or rapid methods that qualitatively
detect a target panel of specific microorganisms, such as those that employ nucleic acid amplification
techniques (e.g., as described in Ph. Eur. 2.6.21 and USP <1125>), inclusivity and exclusivity should be
demonstrated (40,41).

AR IR B 2 PR 457 1) L S MR A AT IS I — R AU E I RE ST, A Uk WAGT I 1y v 3 H ¥t
SRR o X T BE 8 5 PRI 2 S Sl AR R T SR i R U, LR R Y
WK (I, ep 2.6 21F1USP €1125) Frffiid) , GAMERIHEAME— 2 EEH.

Specificity should be conducted for both quantitative and qualitative alternative or RMM.
SE T RRTE B IR T VA B RMMU RN AT L k.

Specificity testing has also been used to demonstrate that an alternative or rapid method is compatible
with specific product or sample matrices (e.g., the absence of false positive or false negative results);
however, these types of assessments should be conducted under Suitability Testing (refer to Section 5.4).
e P P R UE WY P VA DT 5 30 S R R R i R R AL S AE N, (B, e
PEEE BUATESE A 5 HE, X RV I ROZAE RS PRI N 3E4T (S 5. 430

Proceduref) T

To demonstrate that the new method is able to detect a range of microorganisms (if relevant to the new
method and its application), a representative selection of microorganisms, such as Gram-positive and
Gram-negative bacteria, yeast, mold and/or bacterial and fungal spores, should be utilized. The end-user
should determine what types of microorganisms are to be used (and the number of replicates) during the
assessment of each of the validation criteria as described in this Technical Report. This includes the use
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of stressed microorganisms, and when appropriate, mixed cultures. It is the responsibility of the end- user
to determine the appropriate panel of microorganisms to use for this purpose, which may include standard
laboratory or culture collection strains (e.g., ATCC),environmental or facility isolates, in-process or
sterility failure isolates, slow-growing, fastidious or anaerobic strains, and/or clinically relevant cultures.
R A AT BRI A=) Cn R S8 A N A ORI i ke A RORYERI D), tE
e 2 G PR B o 22 QR P A A e IR AT L 5 Wl B A2 0 T M BT AR TR A T o AE PP S0 U
PRUER I, 283 ) e 20 g s AR ISR SR BL R A=) CRIAPAT I E IRED

X PAFEZ WY, WRAE, IRA R S 7R 5 UE A E R E AR R,
AT A AL FE R U S0 & B R TR IR (BIIATCC) , BRBEEE | b el 7r 25 th s, o R s
T TG B R 1 T, AR KRR A, R IR e IR, B/ R R A R
L

Inclusivity and exclusivity testing should be performed for those new methods/systems that rely on the
detection of a specific target microorganism(s) but will not report a positive result if another non-target
microorganism is present in the test sample.

For example, if a selective, growth-based method or a PCR technique is specific for the detection of E.
coli, then inclusivity testing should demonstrate that the presence of E. coli in the test sample would
render a positive result; however, when S aureus is present in the test sample, a negative result should be
provided.

BT R G NAZ AT HANEANHESME NG, ARSI A Sl A 2 0 i AR AR ZE )
AFAERE SR IR AS AR BHPESE R o B, R NEFER . B TR IR BEPCRECR %
I JHIARATIN R A 1T, T IR e 28 P I A2k B K 42 7 T (R A o A A o B R R 45 2R 5
{ELRE < 0 (O T 2 BRIRTAE A U ot P AP AE N, S5 RN BRI

The end-user should determine the extent of inclusivity and exclusivity testing based on the number of
microbial targets the new method is intended to detect, and to select microorganisms that will be detected
by the new method (i.e., show inclusivity) in addition to selecting unrelated and closely related
microorganisms that should not be detected by the new method (i.e., show exclusivity).

An appropriate number of replicates (e.g., at least 3) should be considered for each target and nontarget

microorganism. Additionally, a relevant concentration of microorganisms may also be considered (e.g.,
lower concentrations for inclusivity and higher concentrations for exclusivity testing).
IR ] %A E BEAT B AP HEAME DR R R, 5 TR R I 5 v 3T SAGL I £ H s i 2 0 1 2
F IFEEEFHER Z R A=Y (B, UEWIFRAEE) BRitt 2z Ak B e AN N OB 5 24
MITEIR RN IS S B (Bl n, k& @ E) . BEAS H AR SR H bRl EDI AR 25 18— 5 iE 5
AT (B, 20300 o Sbh, MSRMEYIRIIR L RIAE T 225 58 (B, AR 5 kil
HEA IR e B TR SR A D

When applicable, controls relevant to the new method may also need to be evaluated (e.g., nucleic acid
standards). However, these may not be sufficient to evaluate inclusivity in all cases, as they may not
cover several aspects of method sample preparation, such as microorganism lysis, nucleic acid capture
and purification.

WG, BHOTVEA RS HIT AT R VES (B, ZRbsAE) o H2, XESHIRPHN T A7 15
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Mixed Culture Testing7k 715 7= 4013

Mixes may be used to demonstrate that the new method will detect or enumerate more than one type of
microorganism during the evaluation of test samples against the validation criteria specified in this
technical report, such as accuracy, precision and limit of detection .

FEET RS AR o 51 )96 UE AR A Qv RERAE o R s SRS I BRI A T I ARE PP I, TR T R n] fE
TAEHPH R R I B TR R

It is the responsibility of the end-user to determine the appropriate panel of microorganisms to use for this
purpose, if it is determined that this type of testing is required.

REM A THEVE N T IXA H IS E MR RS, B AR R w227

Mixed cultures may be evaluated in the presence of the test sample during Equivalence/- Com-parability
Testing or in a suitable diluent during the assessment of other validation criteria, such as accuracy and
precision testing.

FEREAT A RUAHANED I, A7 AR DA G N N VR TR & BT, (8 AN L & 0 e AR o S A 2 MRS
B LRIy, 2 T8 2 AR RE R o N VAN TR A

Stressed Microorganism TestingZ 52 1 (13 2 2 3R,

When validating alternative or rapid methods for certain applications, such as sterility testing, process
water or environmental monitoring, there may be a requirement to include stressed microorganisms, for
example, when evaluating the limit of detection or during equivalence testing.

I AT VA B T VR BT TR E AR, e i, 2K e I A, IR A
A RES T AR G, N, 2 DA A D00 PR N sl 2 DA A5 Ak K

Exposing to environmental (e.g., UV, heat, cold, pH, extremes in tonicity), antimicrobial (disinfectants,
drug product) or sublethal sterilization conditions are examples of methods an end- user may use to obtain
stressed microorganisms.

WA BB AL (oY, &, ¥, ph, WImsKJiD , IR GHEER. A B
KR G AR e ] IR ARG 32 58 M R i A= ) 61 o

The stressing method should provide a reliable and reproducible challenge, and therefore, may need to be
qualified before use.

Wt TR NSRS aT SR AT ] B Pk, DAIAE 2 AT AT A A

The goal of the application of stress protocols may either be to force microorganisms into an injured,
though still viable state prior to the experiment, from which the microorganisms may recover upon start
of incubation if conditions are favorable, or challenge the organisms with a continuous presence of an
adverse agent.

T 5 S0 H AR T LU I8 A A AR B2 i, AESEIR T T IPRAS, AERE A& N IEREns T A
Sl War DURAEA ARG R SEA-AE R 00 B SR ) .

Whilst the former typically leads to a prolonged lag phase followed by normal growth, the latter may lead
to a prolonged generation time.

H#H 2 FEAEF A WA E KRR, 5E TR BRI E T .
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A relevant panel of microorganisms that will undergo stress protocols should be chosen as described
above.

DS IR PN iappr Stz s 2liip AL N PE SRS G /L TS

Additional information on how to stress microorganisms for use in Specificity studies may be found in
the public literature (42).
AL SRS T AT S T E R AR A I LR (42)

Acceptance Criteria and Statistical Analysis$% 52 brEF T HT

All microorganisms (including stressed microorganisms or mixed cultures, where appropriate) utilized
during the testing should be successfully detected and/or enumerated, and meet the specific acceptance
criteria.

FEMG AL T A Y (OS2 E Y B IR A R, WRAR T D N N AZ AR s Dy FR s
M, JF HAT B e bt

Acceptance criteria similar to those that are recommended for other validation parameters may be
utilized.

A DU )42 32 AR AESRABL T e B U S HOHERE 1)

For qualitative methods it should be noted that the number of replicates required may be significantly
lower than suggested for assessment of the limit of detection, since higher microbial inoculate may be
applied.

R RE R, WAZE R A DN 5 SR 2 T T PP A R B A g S s, DR A AT REAE T B
A G E U

Inclusivity testing should demonstrate that the new method detects the target microorganism(s) it is
intended to, and does not produce a positive detection result for unrelated or closely related
microorganisms (i.e., exclusivity for nontarget microorganisms). For example, if a known nontarget
organism is tested three (3) times, the new method should not detect the organism.

AL N AR B 7 i e A I 2 H AR EY), AR SR B 2 AR W AR MR E D A 2 2
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5.3.4 Limit of Detectionf&: i

Definition & X

The limit of detection of an alternative or rapid method is the lowest concentration of microorganisms in
a test sample that can be detected, but not necessarily quantified, under the stated experimental
conditions.

AR AR 1% B PR I T 32 PR RS D0 PR A A2 A AH I R ST 3 2 AE T 5 A ity R RERMEASL N £ ) o AU A8 ol A 5

H, A EE R,

Limit of detection applies to a microbiological limit test, which determines the presence or absence of

microorganisms.

o RIS ] T B R EE N, ] AR S B 5 A7 A
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The limit of detection refers to the concentration of organisms present in the original sample, before any
incubation or enrichment step, and not the concentration of organisms present at the time of the assay.
ot BR AR 2 SR AR FE i P IR IR B, B G IR s AP IR, AR AT ) 5 5 A AR
AR L .

Also, the amount of sample tested, and the dilution of that sample, may determine the limit of detection.

[ B ot A0 8 B3 N ot AR T EASL Y B

For example, when 10 grams of test material is diluted in 90 mL of diluent, and 1 mL of the resulting
preparation is plated on conventional agar medium, the absence of colonies (CFU) on the plate would be
reported as <10 cfu per gram, because the limit of detection is 10 cfu.

Blan10ght b FHOOmURARE, A2 mIBIBUIRE FRH AR, BEA WTEATAE, K5 <10 cfu/g, KDY
Fr il PRS2 10 cfus

For alternative or rapid methods that qualitatively detect a target panel of specific microorganisms, such
as those that employ nucleic acid amplification techniques, inclusivity should be demonstrated at the
intended limit of detection (i.e., the lowest number of target microorganisms that will be detected). This
may relate to the limit of detection for specific microorganisms or genomic copy equivalents that are
present in the test sample prior to, or after, amplification steps, depending on the intended sensitivity and
workflow of the new method.

ARAR TS 12 B PR 5 2 IR e PRSI AR A e A, Le A AR RS I 50K, A AE T
G B _EUE BT CEI, BRGNP e IR ) H AR A=) o 30T R e v Tl A= A A A i i
A TBOR T I R A ot 66 AT A2 1) =2 58 O, B T3 5 25 1) SR B RN AR R

Proceduref) ¥

As it is not possible to consistently obtain a reliable sample containing a very low level of
microorganisms (e.g., a single viable cell), it is essential that the limit of detection of an assay is
determined from an appropriate number of replicates.

F5 b, ANATREIELE IR & A IR E I R AT SERIREAS (D, BRI , PI{E S &
G0 P IR B 26— A5 28 1) H SR IR B A B

Since experiments aiming towards demonstration of the detection limit of an assay typically apply very
low microbial concentrations, the number of replicates used may be higher as compared with other
validation parameters.

PR Sy S 56038 5 P2 P Bl 2 0 PR A W ARSI UE W A B, 5 JLAR G U S B bR, B SR T g
EX

Furthermore, the appropriate number of replicates also depends on the statistical method(s) used (see
below).
BEAk, 53 10 R CBUR R A I ZE ik (k)

As the intent of demonstrating that a new method is capable of detecting very low levels of

microorganisms, then challenging a suitable diluent with a concentration of microorganisms that is
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appropriate for the new method's application range is an acceptable strategy.
PR ARG H SN T UE PR 5 ik BE WA ARIR A I A=, B2 — A B & d@ it
PR JEE 3 T AR AR R OR PR 0BT 5

For example, if a new method purports to have a limit of detection of less than 5 cfu, then challenging the
system with 1-5 cfu is an adequate approach.

Blhn, — AR BR A2/ T 5cfu, 84T 1-5cfuZR S B R Pl &g i o

Alternatively, the level of inoculation can be adjusted until at least 50% of the samples show growth in
the existing test, or the inoculation levels can be diluted into the fractional range (e.g., dilutions to be
assayed may contain 50, 5, 0.5, and 0.05 cfu).

B, R AT DA 2 38 A /D AT DU 7 V5 1R 50% BR RE S 43 CRR R 214538 PR Y B (R R FR) 91 PR 0 23,
$%50,5,0.5,0.05¢fu)

Regardless of the procedure used, the rate of recovery between the new method and the existing method
are then compared for each dilution or microbial concentration that is being evaluated.

AE AR, N HCRE MR RO SRR Tl B BE () 5 LA ik i TRl R

Another approach may be to use a microbial suspension with a low mean microbial concentration (e.g.,
on average 1 cfu per inoculation volume), and repeatedly challenge the new method with this
suspension. The fraction of samples in which the microorganisms are successfully detected should be
noted and compared to the expected value based on an appropriate statistical model. A statistical model
that is often applied for this purpose is the Poisson distribution. With a mean microbial inocu- lum of 1
cfu, the Poisson distribution would predict that microbial growth occurs in 63% of samples

If the LOD is 1 cfu, but only in 26% of the samples if the LOD is 2 cfu. Thus, if a sufficient number of
replicates is tested, the detection limit which best explains the obtained results can be evaluated.

Ty P AR AL PR S8R 58 11 T 8y - X 3l 1CFUD I s 52 ] e e ek Ao s i 5 72
ISR IR CET A A I DAY H RO i, FRIRE A B R 8 v 2 AR A L PR PRI 5 (B AT R v
I A — M T X 07 & R Gevt AL . 24 3R Lefu, APy 1CFUR, YA 3 A1
AT TR R B AR ) A KM A 63%, 1T Azl B A 2CFUR AR AN Ry 26%. PRI, AT 480l T 2 8 £
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As previous stated under the specificity section, the end-user should determine the most appropriate types
of microorganisms to utilize during limit of detection testing. These may include standard cultures,
environmental or facility isolates, in-process or sterility failure isolates, slow growing, fastidious or
anaerobic, clinically relevant, stressed microorganisms and/or difficult to detect strains.

WU HAE T S M T R S B A, fe 28 ) 78 S0 N WA 32 B o 5 3 A R, T 0 bt e
B AR Bt o B KT RTRR IR BRI o TR ST A P 23 2 R TR, A KIS e
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Acceptance Criteria and Statistical Analysis$% 52 bRt FIGETE 2% 70 Mt
The detection limit should be adequate for the intended application and may be assessed in comparison to
a reference method if appropriate. In general, the limit of detection of the alternative or rapid method

should not be significantly worse than that of the existing method, except when a clear rationale or
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justification exists why a higher detection limit can be to lerated. For nucleic acid amplification detection
methods, the limit of detection may be demonstrated for aspecific concentration of microorganisms, or for
an approximate number of genomic copy equivalents before the amplification process.

RO R 5 BETE R ARG Y, A7 R i N5 22 AT B — BOR UG, BRARAFEAE W Bl B
L REAARE Ay ] AT B2 S v AU B, PR AR 2 R T v PR A ) AN B Yl 25 2 T IAT T e )
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The Fisher's exact test or Chi-Square test can be used for statistical evaluation of results. Alternatively, a
statistical equivalence test may be used. However, depending on the statistical test utilized, the number of
replicates should also be carefully considered. For example, the Chi-Square test should be used with
relatively high sample sizes because it is based on an approximation to a certain distribution, and such
approximation becomes less precise with a lower sample size. When smaller sample sizes are used, the
Fisher's exact test may be the better choice, because it does not rely on approximations. Furthermore,
when using a challenge level of less thanS5cfu, the statistical power of these evaluations may also be
reduced. If no systematic test power calculations are performed, not less than 50 replicates per test
method should be included in the statistical evaluation (this value is derived from a test power simulation
with the Fisher's exact test, assuming a mean microbial inoculums of 2cfu). Therefore, it may be
advisable to pool the results obtained for different test runs and microbial strains for the statistical
evaluation in order to achieve adequate test power.

T OIRE A28l R Ty R o] H) A G 45 R Ge v 0P, tedh, i rl il Get S8 iR S . AR, 24
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When using multiple microbial concentrations (similar to the fractional dilutions described above), a Most
Probable Number (MPN) technique may be employed, where MPN tables are used to calculate the MPN
value and upper and lower confidence intervals. In this case, no significant difference exists between the
methods if the confidence levels overlap. In such fractional approaches, it is recommended to use not less
than 10 replicates per dilution, in order that the MPN can be adequately estimated .Also, if the MPN
values permit, a paired t-test or non-inferiority test may be conducted using these numbers in order to
further strengthen the argument of a comparable limit of detection.

A 2 PR RN C AT BE 0 73 RRRER B, TN s KT RER (MPND 5k, R
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5.3.5 Limit of Quantification& &R
Definitions& X
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The limit of quantification alternative or rapid method is the lowest number of microorganisms in a test
sample that can be enumerated with acceptable accuracy and precision under the stated  experimental

conditions.

AR AR VL BRI T VA ) e RO PR AR 8 45 1T, 1 A2 W52 TR 360 B R A B 1 ] o185 1) B A
WA E .

Procedureill] €

As it is not possible to consistently obtain a reliable sample containing a very low level of micro-
organisms (e.g., a single viable cell), it is essential that the limit of quantification of an assay is
determined from an appropriate number of replicates. Therefore, at least five (5) to ten (10) replicates are
recommended. In order to demonstrate the limit of quantification, it may be advisable to use different
concentration of microorganisms in a suitable diluent. Because limit of quantification is intended to
determine the lowest number of microorganisms that can be enumerated, the range of concentrations
should be at or near the desired level of quantification for this purpose. For example, if the intended limit
of quantification of a new method is expected to be that of a plate count method, then the theoretical
range of concentrations tested may, for instance, be between 0.5 and 10 cells.

T SRS SRAFRARECER /P A AR CRE T B 20 D) S AN TTRERRT, #T R 3RAG VA E R,
5 3 0 A S A AU B HERF AR IR B DS R0k, N THEEER, 2
WAL P 38 A R P AN [V B2 AR BRI DRk s B I 002 e v o B ) e IR Rl B, o A
TRIVBOUAR S8 (1473 L A e 20 b T A T 2 8 I it o e BRI PR o 8, o — Tl v R 90 B
RGP BOEA Y, S B R ) & E Y AE0. 52 1040 i .

As previously stated under the Specificity section, the end-user should determine the most appropriate
types of microorganisms to utilize during limit of quantification testing.

FUIN 2 BTAE L R R T b SR RARE, B2 L™ N R f o 538 I B R R 28 DAAE S il A4
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Acceptance Criteria and Statistical Analysis$% 52 bRt RIS TE 2% 70 M7

The limit of quantification must be appropriate for the intended application. In general, the limit of
quantification for the alternative or rapid method should be at least as sensitive as the existing method is
to similar levels of microorganisms, except when a clear rationale or justification exists why a higher
quantification limit can be tolerated. To demonstrate this, confidence intervals of count results assuming a
Poisson distribution may be used. To that end, Poisson confidence intervals for the count results of the
existing method may be calculated. If the values obtained with the alternative or rapid method are within
that range, a similar limit of quantification may be assumed. However, caution should be taken when
using this approach for low microbial concentrations that result in frequent sterile samples. In this case,
mean count results of several replicates should be obtained for the comparison.

S FRAA IS RGN e — R UG, AEARBLII S A 0K L, BRARAFAE Bt s 5 2L PR L o RE AR
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Alternatively, the methods outlined for the validation parameters accuracy and/or precision may be used,
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if extended to concentrations of microorganisms near the desired or expected detection level.
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5.3.6 LinearityZk ¥

Definition & X

The linearity of aquantitative alternative or rapid method is its ability to elicit results that are proportional
to the concentration of microorganisms present in the sample within a given range, where accuracy and
precision are demonstrated.

5E AT VR BB VA A AR AR e JE B A, VBl IR il T A A B B A 1
Il

Procedurell i&

At least five (5) replicates from at least five(5) different concentrations of microorganisms in a suit-able
diluents and across the range of the assay are recommended. The mean of the replicates from each
concentration may be used when calculating linearity. The end-user should determine the most
appropriate types of microorganisms to utilize during linearity testing.

VA FH Sk 1 5 A WSS BB 110 2 2D S AN AN [ ik BE A AR A B, BN IR JEE 22 /D B IS IR o TS e vt
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Acceptance Criteria and Statistical Analysis$% 52 bRt RN G TE 2% 0 M7

Linearity is demonstrated through linear regression analysis. Results can be considered satisfactory if the
correlation coefficient, R2 ,Is 0.9 or better and the slope of the line is not diverging more than 20% from
1.0. An exception from the acceptance criterion for the slope may be appropriate if the alternative or rapid
method consistently recovers higher numbers than the existing method (this may particularly be the case
for nongrowth-based methods in comparison to a growth-based reference).

LR 0 T IE E [TUE A T  E . EAH OC R EIR2=0. 980 FEAR,  HLILRMR BOHUS AN 1.011120%,
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5.3.7 Rangeyt

Definition & X

The range of aquantitative alternative or rapid method is the interval between the upper and lower levels
of microorganisms that have been demonstrated to be determined with accuracy, precision and linearity.

AR g B R VE B V5, RS R, WERA BE AL A3 ZIE I A LR BRZ TRV X 1)

Procedurell i&
The range is determined from studies of accuracy, precision and linearity.

MREXPRE R, TR PR AT L AR R S Y

Acceptance Criteria$ 52 biift
The range is validated by verifying that the new method provides acceptable accuracy, precision and
linearity when applied to samples containing microorganisms in a suitable diluents at the upper and lower
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concentrations of the range, as well as within the range.
TR AE R B BRI R P IR i DA DB 5 i RESR I T HE S2 RURT o L, MERRTE AN, i 15
FIAIE o

5.3.8 Ruggednessiiif 52 4

Definition & X

Ruggedness is the degree of intermediate precision or reproducibility of test results obtained by assessing
the same samples under a variety of normal test conditions, such as different analysts, different
instruments, different lots of reagents or on different days. Intermediate precision is performed within the
same laboratory, and reproducibility is performed between laboratories. Ruggedness can also be
considered the intrinsic resistance to the influences exerted by operational and environmental variables on
the results of the method.

TS 52 A A AT )R it A AN ] PR RS I 2 0 SR P v TR S s LR, AN [] 18 23
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Ruggedness is a validation parameter that is best determined by the supplier of the alternative or rapid
method, who has easier access to multiple instruments and batches of components. The data provided by
the supplier are admissible to prove validation of ruggedness. However, it is the responsibility of the
end-user to review the supplier's data and identify gaps with respect to any modifications of the method
for in-house use. An evaluation should be performed whether these modifications are critical in nature
and should be covered in a systematic study.
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Some end-users may also want to perform their own ruggedness testing; therefore, the following
recommendations are provided.

il e ] REAR B CREATIR 32 PENA, O SR n il

Procedurell i&

Prepare a suspension of microorganisms and evaluate at least five(5) to ten(10) replicates against each

relevant test condition. Depending on the method, either changes in Precision(e.g., coefficients of

variation) or the general ability to detect microorganisms could be evaluated.
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Acceptance Criteria and Statistical Analysis$% 52 bRt RN G TE 2% 70 M7

It should be demonstrated that the different test variables do not significantly impact outcome of the
analysis. Acceptance criteria, statistical analyses and data evaluation approaches previously described in
the sections covering accuracy, precision, specificity or limit of detection may be applied, depending on
whether the assay is qualitative or quantitative.

FIHE AR S, GMP BRI EAT# 561 7 4L 78 0T

61



viss

& ouryso. cos AT 2 A $22 A B 1
FEUCIH I, AN E IR A2 2 s o 2 R o AR A I g e I R e A I N 2
AUEMERGSS, KSR, LEtEm Tl 32 bn e, gevt oI A vEA

5.3.9 Robustness&# 1t

Definition & X

Robustness is a measure of a method's capacity to remain unaffected by small but deliberate variations in
method parameters and provides an indication of its reliability during normal usage.

BRI B AT T S EOR A NA, THZTTVE IR BE ) AN 52 iR e, LASR I
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Robustness is a validation parameter that is best determined by the supplier of the alternative or rapid
method. The data provided by the supplier are admissible to prove validation of robustness. However, it is
the responsibility of the end-user to review the supplier's data and identify gaps with respect to any
modifications of the method for in-house use. An evaluation should be performed whether these
modifications are critical in nature and should b e covered in a systematic study.
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Some end-users may also want to perform their own ruggedness testing; therefore, the following

recommendations are provided.

> B T R T REAR F AT BRI, D e it n T i

Procedurell i&

The same procedure recommended for ruggedness testing may be used while changes on identified
critical method and system parameters are introduced. Such critical method or system parameters may be
evaluated through a risk assessment. These may include, but are not limited to, reagent concentrations,
instrument operational limits, and incubation parameters (e.g., time and temperature for methods
requiring microbial growth).

AN TR R G S EA BRI, BT 5 s AR [R] B 7 e AT XU 23
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Acceptance Criteria and Statistical Analysis$% 52 brtEFIGETE 2% 70 Mt

For each test condition a range should be demonstrated, within which the alternative or rapid method
operates in a robust manner. If the method is shown to fail at providing robust results for particular test
conditions, this should be accepted as the limitation(s) of the method. If a method is shown to be
particularly sensitive towards a certain type of procedure, system parameter or manipulation, the results
should be used to define adequate precautions or limitations when the method is used routinely.

I Ui I AERER IR S5 AF T AR VA BP0k BE A I RYE L i SRE VA AN BEAE R € Ot
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5.3.10 Equivalence/Comparative TestingZEdE /% He iR,
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Definition & X
The equivalence of an alternative or rapid method is a measure of how similar the test results are when

compared with the existing method.

AR R BRI VA S BT 7 AR A 25 R A B PE A

Variability may be a limiting factor with microbiological samples; therefore, the first phase of validation

criteria testing requires that the two methods initially be run in parallel using standardized cultures(e.g.,

pure or mixed cultures in a suitable diluent) to demonstrate that the validation criteria previously

discussed in this section of the technical report are being met.

T PIRE dh 1) Sy AP E T R S BRI 5%, DA E B8 UE A (19 56— By BUEE SR PR i T Bt TR R
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Equivalence or comparative testing involves the use of actual product and other sample matrices that will
be routinely tested using the alternative or rapid method once it is validated and implemented. The new
method is run in parallel with the existing method for a specified period of time or number of product
batches or test samples. The end-user should determine the most appropriate strategy for the duration
and extent of these comparative studies, which may be influenced by the critical nature of the test method,
the material being analyzed, the statistical methods used when interpreting the resulting data, regulatory
expectations and/or other quality requirements.
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Actual product and sample matrices should also have previously been assessed for their potential to cause
interference; false positive or false negative results (refer to Section 5.4 for further detail). When a
supplier tests the end-user's product or sample matrices against the validation criteria, it is the end-user's
responsibility to determine if additional, in-house testing is required, or if the testing performed by the
supplier is adequate.

H 35 B b AR i 2L B W AE T REIE TP, BB PE BRI PE SR (PR IL5.479) , B LU 5615
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Finally, advances in technology can offer greater precision and sensitivity in comparison to conventional
or compendial-referenced methodologies. As a result, an increase in organism recovery (i.e., detection or
enumeration) may be observed. To address this, statistical treatment of the data generated from both
methods should be used to demonstrate that the alternative or rapid method results are equivalent (i.e.,
non-inferior) or better than (i.e., superior) that of the existing method.
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Procedureill] €
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Test samples should be identified that are expected to contain microorganisms and, when appropriate, test
samples that do not contain microorganisms, in order to test the suitability of the alternative or rapid
method. The latter is most important when determining that the test sample will not provide a false
positive result.

IV E A PRI AE R IR At O ELAE 53 I A T AN S B R e e, LI T AR5 75
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However, it should also be noted that if the test sample does not contain microorganisms, then it is not
possible to determine whether the new method will detect or enumerate microorganisms, nor will it be
possible to perform a statistical comparison for equivalency between the new method and the existing
method, as both methods will report the absence of microorganisms or no recovered counts (i.e., cannot
compare zeros to zeros). Therefore, it may be necessary to challenge product or sample matrices with
microorganisms in order to demonstrate equivalence with the existing method. The strategies for
inoculating actual product or sample matrices should be similar to the methods described for the initial
phase of validation criteria testing, namely, the use of microorganisms in a suitable diluent.
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Additionally, the end-user must determine the numbers, types and physiological state of the challenge
microorganisms in order to provide for meaningful data to support the successful validation of the
alternative or rapid method. For example, regulatory authorities expect that very low levels (e.g., at the
level of detection or quantification) of a wide variety of stressed microorganisms, including standard
compendial cultures, anaerobes, slow growing strains and environmental or facility isolates, be utilized
when validating a new method for the sterility testing of pharmaceuticals. For qualitative nucleic acid
amplification detection methods/systems, product or sample matrices may need to be inoculated with
actual target microorganisms, or with nucleic acid standards that will be relevant to the method under
evaluation.
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When conducting equivalence/comparative testing using actual product or sample matrices in the new
method and the existing method, similar procedures and data analyses may be employed that were
previously utilized for the validation criteria with standardized cultures in a suitable diluent. For example,
when demonstrating equivalency for a new sterility test, the new method should be compared with the
existing, compendia sterility test method using the limit of detection assay, where very low levels of
microorganisms are inoculated into sterile product, and the resulting rates of positive to negative results
can be statistically compared to demonstrate the new method is at least equivalent or superior in terms of
detecting the challenge inoculum. Similarly, a new quantitative bioburden method can be shown to be
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equivalent or superior to an existing compendia bioburden assay by demonstrating that the recovered
counts are not statistically different, or are higher, than the existing method.
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In all cases, the comparison between the alternative or rapid method and the existing method should be
specific for the new method's intended application(s).
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Acceptance Criteria and Statistical Analysis$% 52 bRt RN G TE 2% 70 Mt

The alternative or rapid method must be shown to be at least statistically equivalent (i.e., it is the same),
or statistically non-inferior (i.e., it is not worse), to the existing method. The new method may  also be
shown to be statistically superior (i.e., better results, higher recovery, a greater amount of microbial
detection or a lower limit of detection) to the existing method, although the need to show superiority is
not required, as the test for equivalency is to demonstrate that the new method is at least as good as the
existing method.
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Statistical methods and data analysis for equivalence using actual product or sample matrices may be the
same as what was used when testing standardized cultures(in a suitable diluents) against other validation
criteria.
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5.4 Suitability Testingi& i 1 Jli&

To demonstrate that the new method is compatible with specific product or sample matrices that will be
routinely assayed, each material should be evaluated for the potential to produce interfering or abnormal
results, such as false positives (e.g., a positive result when no viable microorganisms are present in the
test sample) or false negatives (e.g., a negative result when microorganisms are present in the test
sample).This may also include evaluating whether cellular debris, dead microorganisms or mammalian
cell cultures have any impact on the ability of the new method and accompanying system to operate as it
is intended to.
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Although it is possible that certain classes of materials will produce similar results, it is the end-user's
responsibility to ensure that all test samples will be compatible with the new method.

JUERFE I IR AL SALGT RN R REVERAFAE M, B2 P AT SR ORI A TR i A3 H
Borik.

The following guidance on false positive and false negative may be considered or modified to meet the
specific needs of the end-user performing these analyses, when appropriate.
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5.4.1 False Positive Testing /B FH 4Gl

This evaluation determines if the product or sample matrix contains any material that may produce
background noise or interfering signals, resulting in a false positive outcome. This evaluation may also be
conducted with the diluents used to prepare standardized suspensions that are utilized in the testing of
other validation criteria (e.g., accuracy, precision), if it is thought that the diluents may produce a false
positive result.
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Whenever possible, an appropriate test sample should contain no viable microorganisms (i.e., is sterile).
In the event that the test sample is not supplied as sterile, then the sample should be treated such that it
will not contain any viable microorganisms and it will not alter the sample properties that may have an
adverse effect on this study.
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Evaluate the sterile test sample using the new method. The size of the test sample (e.g., individual sample
volume) evaluated should be the same as what will be used during routine analysis. This evaluation
should be performed using an appropriate number of replicates and test sample batches.
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Acceptance Criteria and Statistical Analysis# 32 brvEFI G 12220 M7

Product or sample matrices analyzed for their potential to cause a false positive result should not produce
a positive result (i.e., the system detects microorganisms or provides a viable cell count, when it is known
that no microorganisms are present in the test material). If the new method provides a positive result, but
a positive result is not expected (e.g., the test sample is sterile), then the new method should be reviewed
to determine if the result is due to a true false positive or interference condition, and not due to
contamination of the supposedly sterile test sample. The end-user should be aware; however, that some
contaminants may not be detectable by classical methods, but may be detected by the new method (e.g.,
viable but nonculturable, or VBNC organisms). Therefore, sterile test samples should be utilized to the
end-user's best ability, and that acceptance criteria should be defined accordingly (e.g., a comparison to
the results obtained with classical methodologies may not always be appropriate in such cases).
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True false positives should be resolved before the new method is used to routinely to test that particular
product or sample matrix. This may be achieved through measures that potentially reduce impact of the
product or sample matrix, like for instance, increasing the dilution factor or adjustment of the rinsing
protocols. If false positives cannot be resolved, then the specific test sample may be incompatible with the
new method. However, some end-users may find that a low false positive rate is still acceptable if a
follow-up confirmatory test is utilized.
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Additionally, the presence of normal background noise should be fully understood, and in the event this
interference is unavoidable, the end-user should determine if the background noise can be incorporated
into the use of the new method (e.g., background noise may be an acceptable baseline for detecting
microorganisms in the test sample under routine use).
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5.4.2 False Negative TestingfE A =AM

This evaluation determines if the product or sample matrix contains any material that may quench, mask
or otherwise prevent the detection or enumeration of microorganisms when they are present, thereby
producing a false negative result. Furthermore, it can be used to determine if a particular product or
sample matrix does not exhibit pronounced antimicrobial properties. This evaluation may also be
conducted with the diluents used to prepare standardized suspensions that are utilized in the testing of
other validation criteria, if it is thought that the diluents may produce a false negative result.
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The test sample should be inoculated with a known level and type of microorganism. The end-user should
determine the appropriate levels and types of microorganisms specific for the method being validated
and/or the test sample. Furthermore, an appropriate positive control should be prepared which is
inoculated the same way but does not contain the product or sample matrix of interest. The
microorganism-containing test sample and positive control should be evaluated using the new method.
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The size of the test sample (e.g., individual sample volume) evaluated should be the same as what will be
used during routine analysis. This evaluation should be performed using an appropriate number of
replicates and test sample batches.
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When applicable, markers specific for the technology being evaluated may be added to the test sample to
demonstrate that the marker will be detected under the conditions of the test. For example, ATP may be
added to a test sample to demonstrate that the test sample will not interfere with the detection of ATP and
result in a false negative result.
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Product or sample matrices analyzed for their potential to cause a false negative result should not produce
a negative result (i.e., the system does not detect microorganisms or provide a viable cell count when it is
known that microorganisms are present in the test material).
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If the new method provides a negative result, but the positive control provides a positive result, then the
detection of microorganisms in the new method may be quenched, masked or prevented. Alternatively,
the product or sample matrix may exhibit pronounced antimicrobial properties. For a quantitative method,
the recovered counts from the product or sample matrix should not be significantly lower than from the
positive control (e.g., not less than 70% recovery).

MAF LS T —APEGER, (VX S T ABHPESE R, WA E 5 34T e )
Rl o] GE A A, M SOE PRl T o B i B S 2L 5 2R TR AR X e
7 i B S 21 A AR R IR O Y AR T R A (L, AMIRT70%) .

True false negatives should be resolved before the new method is used to routinely to test that particular
product or sample matrix. This may be achieved through measures that potentially reduce impact of the
product or sample matrix, like for instance, increasing the dilution factor or adjustment of the rinsing
protocols. If false negatives cannot be resolved, then the specific test sample may be incompatible with
the new method or accompanying system.

FUIE BB AL BT VA T E R RIS 5 7 b SR it AL 2 A5 B o 3wl DG — 28 m]
VERAE D 7 ol AR i A SRS R T S I, I AR R % R kg o o SRR M A
ANBNfE e, WEHT 505 J AR GEANIE T TR IRy 5 A it o

5.5 Variability of Microbiological Methods: Additional Considerations
WAEMIT AR HAE B IR

An important point to consider during the validation of a new microbiological test method is the inherent
variability in microbiology. There are three sources of variation: sample distribution error, cellular
arrangement (chains or clumping) and metabolic activity.
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For any given test procedure, the relative importance and contribution from these sources will depend on
the principle of the test method and must be carefully considered.

XS TATAR 8 B, T AR S U5t AR AR X B PN TR R /IR I e T8 75 v p s B, 7 2
AN LA FE

5.5.1 Preparation of Test Samplesill iR FE i H ) &

Unlike chemical analytes where one can accurately weigh out a quantity of a chemical of known purity
and dissolve it in a solvent such as water to obtain a standard solution, it is more difficult to consistently
prepare a bacterial inoculum with a uniform cell count per unit volume of water especially with low
microbial counts. Therefore, care should be taken when preparing in-house cultures, especially at low
concentrations, or to utilize commercially prepared cultures that have been specifically designed to
deliver low levels of microorganisms in a test system.

AL AT R, T AVERA AR g B DN AU R A0, A TR (Al il g e — AN pr it
VU TR E IR AN [, ARAROHE— SO ] % SR ARARK P 28— A T B 40 B AR 4 i)
e A EY T BRI % . I, AE B R BT O ARR B, 5 S T PR WMRIR A ) &
i M A TR R B VR R I

Next, some level of error is normally expected to be associated with sampling, dilution, plating,

incubation, counting, and calculation of microorganisms.

Fo, WORE FRe. $RAP. BEIR. THEONMBREY AT S R A AE — e R R 22

Additionally, if you have a well-mixed homogeneous suspension of a pure culture, the counts in aliquots
taken from that suspension should approximately follow a Poisson distribution. Additional variability can
occur, however, when the distribution of microorganisms in the suspension (or the inoculated test sample)
is not uniform (see 5.5.2 Sample Distribution Error) and can be introduced through handling.

1 H., WERARA — AR A B2 (AR G IR0 87 AN FF BT HRC R — 8 3o PR i e T K
TESFVARR A1 o AH B P U 0 AT AN 2] (ILE.6. 28 A0 Al 75 ) I, xR Bl A 57
X n] REfE AR AR R TN

Next, the precision between replicates of an assayed suspension of microorganism increases as number of
microorganisms increase; conversely, the precision decreases as the number of microorganisms decrease.
This should be understood especially when working with microorganism concentrations at very low
levels.

BEA Tl D OB, — A TS T SR 4 TR ) RS 3 R n s AH SRS 25 e A Tk 2B 5
PRI o AR — 2, 5 A AR AR A AR AR S S A= P Ik

An important issue is the determination of the number of replicates that are used in a validation protocol.
The number of replicates required declaring a statistically significant difference between two microbial
counting methods differs with a stated level of confidence. The number of replicates depends on the true
percent difference (e.g., 0, 20, 25, 50 or 100%) that you want to detect, the probability (e.g., 50, 70 or
90%) of being able to detect the difference and the target concentration (e.g., 1, 10, 50 or 100 cfu) of the
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sample. Therefore, the appropriate statistical model and analysis parameters should be carefully selected
for use and test power calculations may help in definition of an appropriate sample size.

N ) LR B Sy S R AR R R B R R T BO R R R R S AR
SO A B A DA BT, E I ORI B se =28 (B, 0.
20. 25. 505(100%)  REMEAIN 225 (KA (Billn, 50, 708k90%) LAAKE ¥ H AR (il
i, 1. 10, 508100CFU) o [KERATANZERE BT TG A e B A 288, A g i 5
AT B T2 18 A IAEA R

5.5.2 Sample Distribution Errorf: A4 iR E

Distribution error is the largest source of error contributing to the variability in microbiological testing.
The natural distribution of microorganisms is heterogeneous and rarely follows normal Gaussian
distribution even after log transformation. The distribution tends towards a negative binomial or Poisson
distribution and is extremely difficult to assess and predict particularly at the low contamination levels
that are routinely found in relatively 'clean' test samples (e.g., from ISO 5 environmental monitoring
samples and purified water systems). For this reason, appropriate statistical approaches should be
carefully considered when comparing the results from an alternative or rapid method and an existing
microbiological method.

FERA DI P 3 A 1R 22 e AL S ) B KRR S A B AR I AT AN S, B 2o i S ey
IR MIEZS 73 A o BRI AT SR T A I AT BARA o0 A, iy ELARAE DA A, JCH AR
DR S AN 5 4 B 5 G KPR IR i (B ANISO5 M 41 it A4l A K R GERE D«
SEAE P AT B AR DR A 0 7 125 55 BT Gl A R VR S R, NAT-40 2% R & 24 g vt T ik

5.5.3 Cellular Arrangement4 ffd HE3)

Traditional culture methods detect and/or enumerate microorganisms by monitoring changes in turbidity
or by counting CFU visible to the naked eye. For enumeration, the assumption is that one colony forming
unit is derived from a single microorganism that was uniformly distributed within the test sample.
However, microorganisms have a variety of arrangements and can occur singly and in pairs, chains,
tetrads or irregular clusters. Microorganisms also have a tendency to colonize surfaces and form biofilms,
which may also affect the manner in which individual cells are structurally arranged and are distributed in
a test sample. Therefore, the number of CFU (or cell density) in a plated sample and therefore the
accuracy of the viable count estimate are directly affected by colonial arrangement. Consequently, the
coefficient of variance for microbiological methods may be large, especially for growth-based assays.

P Ge k7 7 il e AL AR A sl R B v BOR AT A E A AN st B Tt 4, BB
AN KUK B IR AR S AT A R B SR AR EES 5 5
AR AR s B DU R AN (R SRS A . St it 1 e i B 5808, JFIB
JRAEPIIEL, X AT RE 2 5 S A0 A A R A HEST R A5 7 3 PR, VR HESRE B R
MR T CRUS (i D FIE v vh BAERA I . 45 R T T VR AR S R AT e AR
K, JCHA TR A K R 5 12

5.5.4 Metabolic ActivityfXifiE3)

Successful detection and/or enumeration of microorganisms are influenced by their metabolic activity,
genotype and readiness for growth. In any microbiological test method the presence of interfering factors
must also be considered. Microorganisms may be stressed due to exposure to processing, environmental

and experimental conditions or inhibitory components in the product or test sample itself. Stressed cells
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may require a period of resuscitation and repair before they can be detected by cultural methods.
Therefore, stressed organisms should be utilized in determining the time-to-result for growth-based
alternative or rapid methods. Additionally, inactivating agents added to media that neutralize some
product components, may also stress cells and inhibit their growth. Conversely, some products may
contain nutrients sufficient to support microbial survival or even growth. Each of these points should be
considered when developing the validation plan and testing strategy for an alternative or rapid method.

JR I BEAT TR A R AN BT HOE 52 B E D I ASHE B BRI RS A5 Ak T4 A ROIRZ S 11
PEAEAT AT i, IR b 205 FE TR SR A AL o TZEY T e B 52 T2, ARG 25 A
ol A it AR (R 5 o AR BEMSIE L 7R I 2R, Ml e AR
SMES . PR T B TR A (0 AT R AR DR K T 7%, R 52 5 1 PR Bl 2 3R A,
MEE RPN o 34k, IS IR FpORT— 287 g 4173 1) 1R KSR 2 5w A0 M R 1k, O FHL L3
Ko MR, BR2R T RE S AT NS AR BAE K E TR AT R A A P A
W7 B AR VR FI R SR I, N5 R IR N 2

5.6 Validation of Microbiological Methods: Additional Considerations

A TTVERRAE:  HAh i RS

5.6.1 Alternative and Rapid Endotoxin Detection Methods

AR AR P B AR 77 Vs

The introduction of alternative and rapid methods for endotoxin detection requires that these new systems
be qualified for their intended use. Therefore, it is expected that these types of methods/ systems meet the
appropriate compendial requirements for the validation of endotoxin methods. This includes the
qualification of the testing laboratory and the analysts. Validation of the instrumentation usually involves
verification that standard or reference solutions of endotoxin yield the specified standard curves,
analytical responses and/or limit of detection or quantification. Endotoxin detection methods that do not
meet existing compendial requirements should be validated as an alternative method.

SR AP AR RO T VAT N BE AN I, T BT RS L U & . DL, SXSES R 5k
I G NS 2 24 B0 I BE 3R T VRIS AE 2K o XA HR IR S 56 S MR 56 D3 A o ASCER R 30 1k 3
BTN N BE ZARIE B S LU IR RE 5 7 2 4 AR E 2 AL 6 i IO AT/ s 0 PR e PR o ANl
AP 2 BRI N R A VR A B RO R34 T IR IE

5.6.2 Unique Methods Requiring Additional or Modified Validation Strategies

FESNR UL SRS BUE VT JAE SRME (VR J7 12

The method validation testing strategies contained within this TR primarily use standardized microbial
cultures in liquid suspension. However, there exists the possibility that some alternative or rapid detection
systems may need to consider different approaches, especially if a liquid suspension cannot physically be
introduced into the detection system for analysis. Technologies that utilize airborne, aerosol, or other non
liquid-based samples may fall into this category. Therefore, expanding or adapting the validation
strategies within this TR may be appropriate, as long as the testing methods are scientifically justified.
Because the end-user may not posses the expertise or specialized equipment to conduct such studies, the
vendor may need to play a greater role in supporting the end-user during the validation of these types of
technologies.

AR 7 125 YR R I SR FEAS SR VR A W R A Bl A A BRTRR o (ELZE P8 20 A
PRI I 3 55 7T e 5 SR AN R 75925, JEH 2 e R I AR e A T AR B I o SR =2
AR AR AR i AT BE AR TIX 2 DR P 2 O AR o R R S
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5.6.3 Guidance on Changing Acceptance Criterian] #52 iR R B K755

Microbiological methods are subject to varying degrees of variability. For example, most of the methods
used for environmental monitoring programs are performed in the absence of standard methods for the
conduct of these tests. The results can be variable for a variety of reasons including: media selection,
incubation time, incubation temperature, incubation conditions (e.g., humidity, oxygen tension and the
like), intrusiveness of the sampling method, presence or absence of disinfectant residues, and the actual
method being used. For traditional microbiological methods that measure in terms of CFUs, one does not
actually know whether it is a single free-living cell, a clump of cells floating freely, or a cell(s) associated
with a particulate. If one is performing surface monitoring with a swab or contact plate, recovery methods
can vary yielding typically 20-60% of the number of organisms that are actually on the surface. In
addition to these sources of variability, the actual method of enumerating the cells can be difficult and can
have an impact on the results obtained. Even automated systems for enumeration can show variability
because the method is dependent upon the technique used by the operator in preparing the sample. These
are just a few examples of the ways that variability is manifested in conventional microbiological
methods.

WA I 10252 A8 S E RO R BE RS o A 4, A S 00 B ) )R 22 MO VR R A bR e T o 2R
SO F B R TN, RS RE IR IR e, . IR RPN A) . BRI . BEIR AT (UL, 4%
AN IABRABAZEAT) « HORE TR RS S VTSR B A AE S A A SE B (T A5 35 o T
VR T R TR e T7 ik, — NN SERR LIFANAITE & /2 AN — 7% E b T A0 40 0 R £
FL L KT o 22 PR B Al A AT S i M I [ e 8 SR A i S B A ) R 1
20-60%. PR 7 IXEEA SRR, AR THEUR SR BRAEHE O, WA BT IRAF A5 R . B A BTl H
RGWMAFAEAL T, PN T 8 HR T S 2 1R 2 R i I BOR o X8 LU R I G A=) )5 12
HASEPER LA T

In addition to the variability show within the conventional methods, it is also possible with alternative or
rapid methods to see differences due to the actual measurements being reported. For example, a
conventional quantitative method will provide results in terms of a CFU, while the alternative or rapid
counterpart may provide results as the number of viable cells, a spectral analysis, relative light units,
fluorescent units, and so forth. This may present a challenge. It is a frequent regulatory expectation to
require data be evaluated or trended to create a history of the microbiological attributes present in an
environment or in a test sample. If data are to be compared over time, then test methods must remain the
same, which is fundamental to trend analysis. However, some of the alternative or rapid technologies
provide a greater level or improved level of detection sensitivity over its conventional method counterpart,
either through design or the ability to detect stressed or VBNC microorganisms. Therefore, the
implementation of these new methods/systems may also require the establishment of new acceptance
criteria. And in some instances, the trending of data may be lost at some point in time in order to bridge
the gap between "old" and "new" data analysis. Regulators are aware of these issues, and these concepts
were discussed in a 2006 publication by FDA microbiologists, Hussong and Mello (43).

bR 1AL GETTE T s AR S, DR O S B 2 4 SRR 5 7 VAN R, AR bR T R 4 R AR AT AN
B, ARG BITEA R R CRU, AR bR 7 45 R s i i . D o b 45 R
FHXSIEORAE . DA S . XA BEAHT R — NP WA ) B R A AT VEAS ARG R #r, L
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IRFEAAS, XA ATRAII T (I IEAER o (H, T Bk al 3 G R0 I 52 5 m sl v (R (HAS AT Bs
FEMITEYIBE ST, 53 ARSI A LeAR 48 5 72 AT B A U R %, PRI, St 2 37
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DAV B 5 o A RSB Bt o0 B 26 S MRS 1 TR0V 200X 08 ) i, XSSt T FDA TUAEY) &
% Hussong and Mello2006 4F H iRy h kAT Tt (43) .

In the event that an alternative or rapid method is qualified to provide greater sensitivity than the method
intended to be replaced, an understanding of the impact to existing acceptance levels, in process or
product specifications, and compendia and regulatory expectations is required. A statistical analysis and
comparison between the data observed between the two methods should be performed, when appropriate,
and this information may be used to justify any recommendations for changes to currently employed
in-process or product acceptance levels and/or specifications. Discussions with relevant regulatory
agencies and/or Pharmacopeias may also be required or regulatory submissions made prior to any
changes being finalized.

2] AR RS W 7 VA 2 AN BAT HeAR S8 7R S K RN, T BB AR O IAT W 2 K
H T 2 1 ™ bR LR 2 SR B SR R 500 o 38 I, OO WD 7 v W4 38 i) it 2k A7 g it
IIMTRTEREE, I vl 1 Dby v ) 42 1 7 ity ) 42 52 2P R b R A B PR A ot m] R 2 5 A O A
P T IR/ 2, BOREAT I8, B A AR B e 2 S A F ATV FH AR TR

Ultimately, any changes to established specifications must be related to fitness for use and be suitable for
the application of interest. Additionally, final specifications should be scientifically sound, justified and
based upon appropriate risk analysis.

e CAT AR HER AR A2 B A 250E H T IU  I IF 3RG A at e T38h, S IORRHEN R 2 3 B, Jf 2k
TE RS AT

5.7 Alternative and Rapid Microbial Identification Methods

AR R A BN T5 V5

A variety of new alternative and rapid methods exist for the characterization and identification of
microorganisms. According to the recently published USP Chapter <1113>, the verification of an
identification test system may include one of the following three options (44):

AVFZ R AR DI 5 0 ] A R AR 0 o ARG s B KA (USSP U <1113>, —A>
ER RGN T EIELL N =Rk — (44) .

"1) Using an existing system for parallel testing of microbial isolates obtained from routine testing (the
number of isolates tested may be as high as 50, and any discrepancies in identification can be arbitrated
using a referee method);

KT R GEukAT HH R SR E ) 20 S R PAT IR I 20 2 B 80 ) ik 50, 1
SRR AR ZE HEA T AP

2) testing 12-15 known representative stock cultures of different commonly isolated species for a total of
50 tests; or

I 12-15M AN ] (1 73 B B AR PE i & R 7R AT I, B 3EB0 ks

3) confirming that 20-50 organism identifications, including 15-20 different species, agree with the results
of a reference laboratory testing of split sample."

TN 20-50 7 FRIR A 25 ) 4 TR 5 0] ISR S A N 4 2R — 20, AR ] 15-20 AN R B Ao
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The USP monograph further indicates that it is appropriate to use the quality control microorganisms
specified by the supplier of the system and organisms identified in the applicable compendia.

USP i@t 24 th MR % AR ST R 4 0 (K B B A ) A0 28 SR W I B B D AT 1A

The monograph also states that verification of the identity of the species should be evaluated and the level
of agreement should be considered. Typically greater than 90% agreement can be achieved with samples
of microorganisms that are appropriate for the identification system.

USP i adFi X B Bl 4 il i A R 45 RBEA T PRA, IR 08— MoK W i M iz R4
I E T Ik 21K T-909% 1) — E ik

According to USP <1113>, the most important verification tests are accuracy and reproducibility (44).
These parameters have been defined as:

RIEUSP<1113>, i F Z A HARE L AR A EINE (44) o XS HOE LR
Accuracy % = (Number of correct results/Total number of results) x 100

HERA %= CIERAE R INECRIEIR B ED x100

Reproducibility % = (Number of correct results in agreement/Total number of results) x100

FHLEY=(HAT — B 1 IEf 47 R B 45 R S50 x100

The user should establish suitable acceptance criteria for accuracy and reproducibility/precision, taking
into account method capability (44). However, these criteria should be applied critically, as the results
will depend on the organisms selected in the verification. For example, the microbial identification
system may not be able to identify an isolate because the organism is not included in the database, the
system parameters are not sufficiently comprehensive to identify the organism, the isolate may be
nonreactive in the system, or the species may not have been taxonomically described.

FH ™ R 3 ST 2 R R SR R S ARG 3 B AT b e, JRB BRI AE ) (44) o SR, ™A%
FEHIXEERRE, DA S 3R B TR TR A IR e . B, B0 R G0 nT BECiR 2800 — A
IR, BUOMZM EWAER IR R, RESEA LU INZMEY), 7 SREAERG T AR
SR, B )RR AT AR M EAT 4 SRk

Additional instrumentation and method validation activities may also be necessary, as required by the
end-user, and as appropriate for the technology platform representative of the alternative or rapid system.
For example, additional precision studies, similar to what has been described under Ruggedness (Section
5.3.8) may be employed, where testing is conducted on different days and/or by different analysts.
Robustness testing (see Section 5.3.9) may also be warranted in the event modifications to the original
method or instrumentation have been made. Additional suitability testing (see Section 5.4) may also be
required if the sample being analyzed has the potential to cause false identification results.

AR e 2 T 23K, 6 BRI PREAT I R G I ACRMERR - &, B VFRE T T BN A i
RAEYES) . flin, ATHEATRUONORE S IR, XL T S (5.3.87%1) KA, BIYEARH
VRO B AN RGN A HEAT IR X VA B s AT AR T, T e AT B e (L
5.3.9°1) o W RAF RS AT e SR B SR, " RIS T HEAT BN RE PR (AL5.477) .

5.8 Alternative and Rapid Methods for Mycoplasma Detection
AR PRI ST R A A U
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PDA's Technical Report Number 50, Alternative Methods for Mycoplasma Testing, defines mycoplasma
as follows (45):

PDAB AR50, st it B A 4 S s ke SOy (45) -

"Mycoplasma (trivial names for members of the class of Mollicutes) are an unusual group of bacteria
distinguished by the absence of a cell wall, a small genome and low G+C content. The class includes
pathogenic, saprophytic, and commensal species."

CSCIRIE CIIE T I A HIGRE) 22— TR, FFIER TR TR IG+C I
G, BBEITEORIE LRI .

This same technical report provides a comprehensive review of the various methods available for
mycoplasma testing as well as describing the methods to use in evaluating the appropriateness of these
methods.

PDA TR50X S S ARIIARAN [F] 7 ik3E 4T 1 axifi [nlBt, Ik 1 A X Loty ikl e vk K 5

Many of the recommendations provided in this (the PDA Technical Report No. 33) may be used in
support of validating an alternative or rapid mycoplasma method; however, the reader is encouraged to
review the recommendations provided in TR50 for a thorough understanding of what is expected.
Furthermore, Ph. Eur. Chapter 2.6.7 may provide additional guidance (46).

AHARRE (PDATR33) 12 @il oy A - a] AR el i SO Js AR R VA I BE s (H2, dHiX
B TR0 A, LA B A L B AR ZSK . 5346, Ph. Eur i 2.6.7 132 AR
firg (46) .

6.0 Implementation: Guidance on Site Commissioning versus Initial Validation

K. I LRI L LR

6.1Guidance for the Transfer of an Alternative or Rapid Method from an Originating Qualification Lab to
a Separate Site/ Manufacturing Facility

P AT A E PR I 5 V2 B A T A S = e B BT (R 3 P s A )R

The first time an alternative or RMM technology platform is qualified, it is expected that a comprehensive
qualification test plan, such as the one recommended in this technical report, is appropriately performed.
However, it is usually not necessary to repeat the same qualification test plan for identical technologies
that will be installed in the same location or at secondary facilities at a different geographic location (e.g.,
manufacturing sites)for routine use. In this case, a copy of the original qualification package can be
provided to the secondary location, and a reduced test plan developed for the installation of the identical
technology at that site. Each new installation, or technology transfer, must be separately evaluated to
determine the extent of additional 1Q, OQ, or PQ testing to be performed. This section outlines what this
reduced testing plan may cover.

G, MR AR ERMMEART G A& 1, BENAZFFE 0, Wil — A e S i
WIS 5, IACERR & P HERE I 7 AT o ARIME RS 00T, W T B fEAH IR ML Ty, Bl 422
TEAE T ANE R BEAT B (L an A= 7= St ) 1R 50 — S I F 0 A 1) [)— AR AR [Ty %6 3%
WEE AT o XMGOL T, S5 BB R AT LU T 28 31, 0 D BT X 1232 BT i A ) 22 e 5
ARIGMATT o BF— IR AT BRI L nlF HOR AL HOL I VPG, L€ B INIYIQ. OQEEPQ
DR AIRERE o A1 LR FRRS ] R DR 5 S i A 5 R 2 Py
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6.2 Reduced Installation and Operational Qualification at the Site

RIZERIIHIQFOQ

When an identical technology is installed at the secondary location, it is expected that a standard
equipment IQ and OQ be performed following the original qualification package (refer to Section 5.0).
Furthermore, the original hardware/software security configuration testing may not need to be repeated
unless there will be systems in use at a secondary site that were not evaluated in the initial test plan. An
example might be the use of a different data handling or archiving platform (e.g., LIMS, LA N server,
external drive) than what was originally qualified. There may also exist environmental or physical
conditions related to the secondary location that could warrant additional qualification considerations,
such as extremes in altitude, relative humidity or temperature. For example, additional studies may need
to be performed for methods that depend on the generation of gases as an indicator of microbial growth,
as differences in performance may be observed at higher elevations due to decreased atmospheric
pressure.

24— TR A I B BT 28 — S iy, 4 TN, K4 AT A L B SR BEAT AR UE K B 46 1Q

0Q GHZWAES.0FE AR ). JLAk, JEORIIBECE/ 2 Al B nf AN, BRAESE — 34 Pl H
PRI A B AT )8 506 P B AT I VAl BB BT — AN ) T SR A 5 s 10 et Ak B A i
& (Fn, LIMS, kPSS, SMEIRENEE ). B T ae IS s M) B AR SR 5
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7 RSN HEAT N o

6.3 Performance Qualification at the SiteBl7PQ
Because an exhaustive microbiological testing plan will be completed during method validation at the
initial qualification facility, it may not be necessary for the secondary facility to repeat this testing in its
entirety when a like-for-like instrument (e.g., the exact same methods and components with the exact
same version numbers for all software, microprocessors, computers) is installed. However, it is
recommended that a reduced microbiological challenge from the original qualification, in addition to
representative isolates recovered at the secondary site (if applicable; see below), be performed to
demonstrate that the system is operating as intended. For example, a few reference organisms, identical to
what was used during the original qualification, may be used to confirm basic functionality and
demonstrate that key qualification requirements are met(e.g., accuracy and precision). Additionally, it
may be appropriate to determine if the original qualification will meet current GMPs and internal
requirements, taking into consideration the date the original qualification was completed.
PRk — AN VEA B E IR T A B WA K VR IE L R T SR 58 B, T A e e A s i
Chn, AHF I VER 56 A0 A A S 4L, b BRes, vH8EHL, TReBcAT B — i v
AT T 5 A B AL R T WA 84T I, 9D AE A IFA R U E D Pk, TR
BT B AR E IR, SRR VA BES S UM & . fldn, — S HGUEY, 5 R
A, T DU ORI FEAS T BEATUE B AT & OGS i 25K (VERPEART RO . kA, wT LI
P A NS Y], OZAAE — B s IS AT & BT GMPAT 4 25K .

A review of locally recovered microbial isolates should indicate if the reference strains used during the
original method validation are representative of the isolates recovered at that site. If it is determined that
they are not, then the local qualification plan should include a list of microbial isolates to be evaluated
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and what qualification requirements they will be tested against.

IS et 73 5 IS 8 PR A A A TR 5 I EL R LR A A P 12 B B PR e 15 AR I 20 B R
WK o AR E AN, TS A BEAL BN TT 28 N AZ VAL IZ 673 5 LR OB, I8 A5 SR X ik
TR LA A

Following the limited method validation using reference cultures and/or local isolates, the local
equivalency testing will be performed. Even though the original equivalency testing may assess the same
type of test sample as what the secondary site will be evaluating routinely, the microbial load (number
and type of microorganisms) may not be the same. Therefore, equivalency testing should be conducted
using the actual test material at the secondary site. Additionally, if the originating qualification did not
include the actual product and/or process material that the site will be evaluating routinely, then these
materials must be evaluated during the local method suitability testing, where the potential impact of
sample material on the test method is assessed, such as system interference, false positives and/or false
negatives. Section 5.0 of this Technical Report provides the guidance for conducting these types of
studies.
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During the development of the local equivalency test, the site will determine the nature of the test plan to
provide meaningful data about the ability of the system to operate as it is intended. This may include the
required number of batches, number of replicates, number and location of sampling points, length of
study, etc. Most importantly, sufficient data will be required to evaluate whether a shift in the data from
the alternative or rapid method is statistically significant than the method being replaced, and whether the
data warrants a modification to the base line acceptance levels or specifications.
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6.4 Implementation of the Alternative or Rapid Method at the Site
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As part of the installation, qualification and technology transfer activities at the secondary site, all
necessary training will be conducted, relevant procedures will be written and approved, and maintenance
and calibration programs will be developed prior to performing the analyst qualification and subsequent
routine use.
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Once the alternative or rapid method has been successfully installed and qualified for use at a secondary
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site and regulatory approval as required is sought, the system may be used routinely.
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In the event the site intends to qualify the same instrument for use with a new product or process material,
a robust new qualification plan is required to be performed, and the test plan and acceptance criteria are
previously discussed in this document.
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