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Overview

Regulatory, Guidance and Economic Issues
Microbial Identification in the Pharmaceutical Industry
Methodologies and Tools for Microbial Identification

Case Study linking Microbial ID, DNA Fingerprinting
to demonstrate specific needs for Polyphasic
Approach to Microbial Identification of a critical

Compendia QC organism: Escherichia coli (E. coli)
ATCC® 8739™
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Microbial ID in the
Pharmaceutical Industry

* The identification of microbes recovered from
the pharmaceutical (manufacturing) environment
IS of critical concern

= Regulatory requirement
* Process requirement
= Implications for product safety and efficacy
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Concerns regarding
Mis-identified Microbe

* Product Recall

* Economic Loss

* Regulatory Issues
« Patient Safety

* Public Relations
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Level of Microbial
Characterization and ID

Gram Stain and cell morphology: EM in ISO 7/8,
excipient derived isolates, finished product, below alert
level EM

ID to Genus: EM in ISO 5/6 with number below alert
level

ID to Species: EM in ISO 5 areas; alert and/or action
level isolates from all excipient, finished product, EM and
water monitoring

Strain Typing: Significant product failures, e.g. media fill,
sterility test and microbial limit test. Significant adverse
trends in EM and water monitoring
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Comparison of Phenotypic
and Genotypic Approaches to Microbial ID

- Genotypic

DNA sequence based
Stable
Found in all organisms

Independent of
environmental factors

Independent of protein
expression

*Footnote-case study

* Phenotypic

Protein/enzyme based
Expression variability

Absent in some
organisms

Environment and
growth dependent

Lack of functional
expression
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How far has microbial
ID evolved....

 Classification of bacteria based on:
* Cellular morphology
« Staining reactions (Gram, spore etc. )

* Physiological requirements e.g. oxygen, pH, salt
tolerance etc.

 Biochemical (substrate utilization, metabolic
profiles)

« Bergey’s Manual of Determinative Bacteriology Ed. 9 -
now an in depth phylogenetic understanding of bacterial
taxonomy: Bergey’s Manual of Systematic Bacteriology,
Ed. 2. “Critical role for DNA Sequencing”
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Genotypic ID-Benefits

« “Genotypic methods have been shown to be more accurate and
precise than traditional biochemical and phenotypic techniques.
These methods are especially valuable for investigations into
failures (e.qg., sterility test; media fill contamination). However,
appropriate biochemical and phenotypic methods can be
used for routine identification of isolates”

FDA Guidance for Industry - September 2004
Sterile Drug Products Produced by Aseptic Processing
Current Good Manufacturing Practice

This reflects general acceptance that changes in Microbial
Taxonomy have been made as a result of advances in
Phylogenetics and therefore genetic speciation is now considered
the (13 7
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Genotypic Methodologies

* DNA Sequencing-ID (16S/23S5/28S highly conserved
across organisms but also divergent amongst species)

* Pulsed Field Gel Electrophoresis of whole chromosomal
DNA

* Southern blotting and Restriction Fragment Length
Polymorphism (RFLP)

* PCR-based locus-specific RFLP

* Random Amplified Polymorphic DNA

* Rep-PCR

»  Amplified Fragment Length Polymorphism
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“Microbial Contaminant Mapping”

« Goal is to link effective Microbial Identification with
Microbial Tracking and Trending

« Complete picture of potential contamination sources by
matching genetic fingerprints to process flow throughout
production (area, operators, raw materials, supply chain
and inventory), packaging, QC testing and post-market

« Using a “risk based approach” to problem solving before
problem escalates and production is impacted or worse
still, actual finished product is discarded
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MEI Polyphasic Approach to ID

* Using a Polyphasic approach that combines Phenotypic
and Genetic ID (rRNA Gene Sequence) together with
DNA Fingerprinting (Genetic Subtyping)

 Reduce the burden of mis-ldentification as well as
incomplete 1D

« Complete the analysis to “Identify and Authenticate”
fidelity of QC Microorganism or confirm source of
potential contamination (e.g. Sterility Test Failure
Investigation)
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Phenotypic Testing

Basic Biochemical Test
Gram Stain

Spore I—
Motility

Antibiotics

(biochemical taxonomic ID)

DNA Sequencing

l

Lysis

PCR

l

PCR sequencing

l
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Polyphasic Identification

Data analysis
Database match
ID (assignment)

Phenotypic Corroboration

s > confirmation
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Tast Results

Polyphasic approach is critical to provide differentiation
between very closely related species of B. cereus group

Gram Staln Reaction
Mlcroscopic
Oxidasa

Catalase

Spore

Motility

Parasporal Crystal
Beta-hemolysis

Positive
Rads

Positive
Fositive

Subterminal, elliptical, nen-swallen
Positive
Megative
Positive

y

Ganetic ID

Comparnsons to genetically similar microarganisms

Genetic Distanca

Genus

Spaclas

0.0001
00003
0003

Bacilius
Bacilius
Bacilius

CEraus
anthracis
thurmngiensis

Motes:
Fhenotypic data support Bacillus cereus,

Deviations Maone

Microkial ID
Coanclusion

Bacillus cereus
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B. cereus

MEI ©2010



B. Cereus SBA

MEI ©2010



The Requirement for Polyphasic Microbial
Identification and Strain Characterization of
Escherichia coli (E. coli) ATCC® 8739™

“Identify and Authenticate™”
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Escherichia coli (E. coli) ATCC® 8739™

Isolated pure colonies Subjected to:
Genetic (16s), Phenotypic
and PFGE Analysis
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Escherichia coli (E. coli) ATCC® 8739™
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16S SSU rRNA Sequence: Escherichia coli (E. coli) ATCC® 8739™

GGCTTTTCTGCGGGTACGTCATGAGCAAAGGTATAACTTTACTCCCTTCC
TCCCCGCTGAAAGTACTTTACAACCCGAAGGCCTTCTTCATACACGCGGC
ATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCT
CCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTC
TCAGACCAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTA
GCTAATCCCATCTGGGCACATCCGATGGCAAGAGGCCCGAAGGTCCCCCT
CTTTGGTCTTGCGACGTTATGCGGTATTAGCTACCGTTTCCAGTAGTTAT
CCCCCTCCATCAGGCAGTTTCCCAGACATTACTCACCCGTCCGCCACTCG
TCAGCAAAGAAGCAAGCTGCTTCCTGTTACCGTTCGACTTGCATGTGTTA
GGCCTGCCGCCAGCGTTCAATCTGAGCAGGATCAAAACTCAAA
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16S ID is only possible to “Family Level”

Genetic ID

Comparisons to genetically similar microorganisms

Genetic Distance Genus Species
0.0000 Shigella sonnal
0.0000 Shigela flexner
0.0000 Escherichia coli
0.0000 Shigella boywdii
0.0000 Escherichia 5p.

0.0007 Enterobacter hormaechei
0.0018 Shigella dysenteriae
0.0022 Enterobacter sp.
0.00371 Cronobacter sakazakil
0.0081 Citrobacter freundii
0.0090 Enterabacter dissolvens
0.0700 Kiebsiella oxyloca
g:::;’:;:: Family: Enterobacteriaceae
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Genetic Similarity Comparison of select Enterobacteriaceae

Klebsiella oxytoca
Klebsiella pneumoniae
Enterobacter cloacae
Escherichia coli
Shigella dysenteriae
Shigella sonnei
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Phenotypic Characterization of select Enterobacteriaceae

Sample Description Cultural and Phenotypic Data
Sample Name Sample Source (Colony Morphology MaC (Lactose) Indol Vitek GNI Number
Escherichia coli ATCC 8739 ATCC Submission _|Flat | + + |GNI 6204724631
Escherichia coli ATCC 8739 MEI Frozen Stock  |Flat | + + |GNI 6204724631
Escherichia coli ATCC 8739 Customer QC Strain |Flat + + |GNI 6204724631
Klebsiella pneumoniae ATCC 10031 |ATCC Submission  [Raised (inhibited) + - |GNI 6634773631
Klebsiella oxytoca ATCC 43863 ATCC Submission  |Raised + + |GNI 6674773631
Shigella sonnel ATCC 25931 ATCC Submission _|Flat ~ - |GNI 6000200637
Escherichia coli ATCC 25922 MEI Frozen Stock  |Raised B-Hemolytic + + |GNI 8004720633
Escherichia coli O157:H7 ATCC 35150|MEI Frozen Stock  |Raised i + |GNI 6004754632
Escherichia coll Q157:H7 MEI Lab Isolate Raised + + [GNI 6004754632
Escherichia coll Environmental IsolatelFlat _ Weak + |GNI 6004724631
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Polyphasic ID MEI 35065 ATCC® 8739™ Source:

ATCC

Test Test Results 1‘1 — " ;-:; -
Basic ID | Bacterium [ o ':i':- m
Gram Staln Reaction | Negative 1, -."'. ;-
Microscopic | Rods 4 =-.‘ Y e 1.:; I-
Oxidase | Megative iﬁ o ‘dﬁ: g
Catalase | Posidive « T g SvVih
Indologenesis | Positive "ﬂ;. 1191:: ~ L “
Acid from Xylose | Positive Pacl i A 3 v
Achd from Sucrose | Megative " "#‘ - " M
Acid fram Lactose | Positive x '}_ :,: :{:. I .;F"
Acld from Sorbitol | Posidive Ford DR e :1 ' ‘- Q}f
Genatic 1D Hotes:
Comparnsons to genetically similar microorganisms Additional Tezls and Resulls:
Genelic Distance Genus Species Lysine decarboxylase: Posilive
0.0000 Shicpalla EOnnEi Malorabe Litilization: Nadgsliva
0.0000 Shigela e Acid from Adonidol: Megative
0,006 Escharichia =% Citrabe Ulilization: Nemliw:e_
0.0000 Shigella boydi Acid Frum.ﬂaﬂ'lnus.a: Megative .
] Fhanodypic dala supporl Eschanaiia colf
0. DG Esctmuiclia P
40007 Enterohacher harmasched
R Shigells dysentenas
Deviations Niwe
:;T:ELE Escherichia coli
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Polyphasic ID MEI 35068 ATCC® 25931™ Source:
ATCC

Tost Test Results R AN N
Basic D | Baclerum oy ttia dotg e Tegosy
.hr"ﬂr;‘h-rlq L I‘l-l
Gram Stain Reaction | Negative - G I.I.;: 2 s £ i}:‘: ":"
Microscopic | Rods :lr,.rh e % Mlet.h
i -t :' ™ ol -
Oxidase | Negative ST 8 . Thoev
Catalase | Positive W LA e e Y
Indologenesis | Negative |_i'"":-. el 5 Il A & :;
Acid from Xylose | Negative bt s o L*E.-: ¥ 2
i - - - L]
Acid from Sucrose | Negative LY Tl WS s st D
e ] ] L
Acid from Lactose | Negative iy e > o o
- L
Acid from Sorbital | Negative L' FT R s h o
Genetic 1D Mates:
Comparisons 1o genelically simitar microarganisms Additional Tests and Resylte:
Genetic Distance Genus Species Lysing decarboylase Megalive
OLO000 Shigaila zomnnel O-nitro-pheanyl b-galactosidase: Positve
00000 Shigefla dysenterize Drnimlne_demrhmﬂaw: Pasilive _
a.6000 Shigeila Beanant Phenotypic data support Shigella sonnei.
S a0 Escherictia cofl
. G Shigeiia byl
0. 0000 Eschericiia 50,
a.a014 Kiehsials ouylasa
Deviations Hone
Microbial 1D
Con i Shigella sonnei
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Polyphasic ID MEI 35066 ATCC® 10031™ Source:
ATCC

Test Test Results I..‘?‘ TRl Ghate” T
Basic ID | Bacterium %a % - -4;"'" =
Gram Stain Reaction | Megathe L . __1 P ak \‘_
Microscopic | Rods e . ..r“"le‘:‘ r ¢
Oxidase | Negative -’-""i't'ij' s . s
Catalase |Positive . -;; s !
Indologenesis | Megative ,.: 1.1_: : Y
Uraa Hydrolysis | Positive v Py - ﬁ
Citrate Utilization | Positive o _‘)' .Qs. ~a
i |
L R .
Genetic 1D Motes:
Comparisons fo genstically similar microcrganisms Phenctypic data support Klabsiela preurnonize.
Genetic Distance Ganus Species
0, G Hishsisla DrSLImonigs
O a0 Kiabsiela granulomatz
0. o2g HKishsisla SINGEEOransis
0. 05A Klebsisla vanicala
0.01140 Serralia nematodiphiia
a0 Swerratia MArCesCEns
o.a1d2 Raouitells arnithinalyfica
Daviations Mong
Microbial ID
Chnehilig Kilebsiella pneurmoniae
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Polyphasic ID MEI 35067 ATCC® 43863 ™ Source:

ATCC

Teesl

Tast Resulls

Basic ID

Gram 5Stain Reaction
Micrascopic
Qxidase

Catalasa
Indalegenes|s

Agid from Lactose
Urea Hydrolysls
Citrate Utilization
Acid from Adonilol

Genatic 1D

Comparisans 1o genslically simia microorganisms

Genelic Distance

Genus.

Species [

L OO0
LT
el e
.0067
LT
LOaTe
00085

Kiebsmaila
Kiebgrafia
Enferobachor
Enforabaciar
Panfadd
Entarabactar
Enfarobacher

Notes:
PFhenotyplc data suppon Kipbshala oxyoca.

Dowiations

Micrabial ID
Conclugion

Mone

Kilebsiella oxytoca
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The Requirement for Polyphasic Microbial
Identification and Strain Characterization of
Escherichia coli (E. coli) ATCC® 8739™

“What is it and is it the right one?”
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PFGE Analysis for Select

Enterobacteriaceae

H3612-Xba

¢

E II" |||l|”n m_
l!lllllllllu

[su
100

nmn ] i
i

Spe | {2254,2)

1T

|‘1I:II:I

Organism
Eschenchia colf
Shigella sonnei
Klebsiella preumoniae
Kiebsiella oxytoca

Organism
Eschernchia coli
Shigella sonnei
Klebsiella pneumoniae
Klebsiella oxytoca

Organism
Eschenichia coli
Kiebsiella oxytoca
Shigella sonnei

Klebsiella pneumomniae

Note

ATCCEE7I0™ G
ATCC® 2803 ™
ATCC® 1003 ™
ATCC® 438653 ™

MNote

ATCCP E739 ™
ATCCS® 25031™
ATCC® 1003 ™
ATCC® 43863 ™

Mote

ATCCE 739 ™ G
ATCC® 43863 ™
ATCCE 25031™
ATCC®10031™
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MEI

Polyphasic ID MEI 35069 ATCC® 25922™ Source:

Test Test Results - AT - L
Basic 1D | Bacterium ™y -
Gram Stain Reaction | Megative o |_'-|': P
Microscopic | Rods - %
Oxidase | Megatve -
Catalase | Posilive =
Indologenesis | Positrée y -~ 2 aill ..1
Acid from Xylose | Positivo LIRS ‘o
Acid from Sucrose | Megalive ¥ . .
Acid from Laclose | Positive ” 4T 7
Acid from Sorbitol | Positive : -3 ,5'_ -
Genetic ID Nobis:
Comparisons lo genetically similar microonganisms Additional Tests and Results:
Genetic Distance Genus Specios Lysina decarbaxylase: Posilive
00020 Shigalia dysoniarian Malonale Ltlizaton: Negatve
0.0020 Escherichia colf Acid from Adonitol: Negative
0.0078 Shigala sonnel Citrata Utilization: Negative
0.0073 Shigelia Pexina 2:—"'.' from Raffinose: Negalive o
00079 o Boydii enotypic data suppon Escharcliia coli,
0.0086 Escharichia s,
s Enterobiachar hormapchad
Deviations Nona
:L”n;ﬂﬁ’ Escherichia coll
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Polyphasic ID MEI 35065 ATCC® 8739™ Source:
ATCC

Test Test Results 1'1 i "w *-:; - .. *-..'".
Basic ID | Bacterium [ o0 . i ':: > _f":'.“'.
Gram Staln Reaction | Megative o1, *re — 1 : %)
Microscopic | Rods 4 =-|." Y ol 1‘:; I- = {8
Oxidase | Megative iﬁ oA 11:"‘ .,

Catalase | Positive . 'a » " 1‘.-:, "-: ‘a r.“ %Y e
Indologenesis | Positive \E 1'9:: ~ '—. " S o <0
Acid from Xylose | Positive F o, = - 4, ’;:‘" ;:_:E .
Achd from Sucrose | Megative " ' - v e ". -}"
Acid from Lactose | Posidive i '3 :,: :{:'. Ty ':; -
Acld from Sorbitol | Posiive Ny gha %' ‘- E}f - -}_

Genatic 1D

Comparnsons to genetically similar microorganisms

Hotes;
Additional Testls and Resulls:

Genelic Distance Genus Species Lysine decarboxylase: Posilive
0.0000 Shicpalla EOnnEi Malorabe Litilization: Nadgsliva
0.0000 Sﬁrg{-‘ﬂa Mexinar Acid from Adonitol: ME‘gHtW'E‘
0.0000 Escherichia o Citrate Utilization: Neg.ahve_
0.0000 Shicella ol Acid from Raffinose: Megative

' e ; o Phanodypic dala supporl Eschachia ool
0. DG Eslmriciua S
40007 Entercbacter hormaschei
00018 Shigela dysantenas

Daviations Niona

Microbial ID i

Cinclusion Escherichia coli
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Polyphasic ID MEI 35075 Source: Environmental
Isolate

Test

Test Results

Basic ID

Gram Stain Reaction
Microscopic
Oxidase

Catalase
Indologenasis

Acid from Xylosa
Acid from Sucrose
Acid from Lactose
Acid from Sarbitol

Bactenium
Negatvea
Rods
Nagatnme
Pasilive
Pasiliver
Positive
Medgaline
Posilive
Posilive

Genetic 1D

Comparisons fo genstically similar microcrganisms

Naotes:
Additional Tests and Results:

Ganetic Distance Genus Species Lysine decarboxylase; Positive
0. 0032 Ezcharichia cali Matonate Liilization: Megative
. (G Shigella dysentenas Ackd from Adonitol: Negative
0055 Shigelia Sonmo Citrate LHilization: Negative
0. 0056 Shinelia i . Acad from Raffinpse: Megative

: e gyt Phenotypic data support Escherichia coli

0. (56 Shigeiia by
007 Ezchenchia 0.
(R G Escherichia atherdii

Daviations Mong

Microbial 1D e .

Canchislan Escherichia coli
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MEI Note: O157:H7

Polyphasic ID MEI 35071 ATCC® 35150™ Source:

Test Test Results \ “[I = }J
Basic ID | Baclerium | N T -~
Gram Stain Reaction | Negative \:‘- . o :
Microscopic | Rods ’ " . & ) ‘2
Oxidase | Negalive T ) s 4™
Catalase | Posilive . b o g .}"- -
Indologenesis | Posilive ‘Pl' - " - rf‘I
Acid from Xylose | Posilive [ £y Bt
Acid from Sucrose | Posilive ey o $ ' -
Acid from Lactose | Paosilive i ‘) _:"
Acid from Sorbitol | Negative . T
Genetic 1D Motes:
Comparisons to genetically similar microocrganisms Additional Tests and Rasults
Genetie Distance Genus Species Lysine decarboxylase: Positive
R e Escharichi cali Madanate LRilization: Megalye
0. 00e3 Shigela dysenteriae Citrate Utilization: Megathve
0.0063 Enterobacter hormaechei praspinibirsanin :M’E?:J:“
g ol o Phenalypic dala suppart Escherichia ool
Lo Enfsrbacter A — *Serolypéng necessitated by Sucrose and Sorbiol ren.
oari Siigalia Megren
0.0111 Shigeita bt
Deviations Mo
i
mharaBial 1| Escherichia coli®
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Polyphasic ID for MEI 35073 Source: MEI Lab
Isolate Note: O157:H7

Tost Test Results ]
Basic ID | Bacterium )
Gram Stain Reaction | Magabie
Microscopic | Rods ‘.‘r
Oxidase | Negalive {
Catalase | Posilive "
Indologenesis | Posilive T =
Acid from Xylose | Positive é"‘ L
Acid from Sucrose | Posilive
Acid from Lactose | Posilive o | :
Acid from Sorbitol | Mogatve LY
Genetic 1D Males:
Comparizans W genelically similar microorganisms Additional Teste and Results:
Genetic Distance Genus Species Lysing decarboxyiase, Posithe
. 0 Ezcharichia il Malonate Litilization: Negative
{3 Eriarobacior sp. Citrate Liilization: Negalhe
0.0087 Enterohacter hormaechsi ﬁ :E ﬁmmriﬂ”ag?ﬂf
2.006F Stigela dyssntarge Phenctypic data supzf:nrt Escharichia ool
0.0054 Cranehacier sakazakil ) | *Serobyping necessitaled by Sucrose and Sorbidol mn,
{0, 0096 Shigelia o
007 7a Shigela flexpar
Deviations Nana
—p| icrOMSI | Escherichia coli®
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Multiplex PCR Analysis of Pathogenicity markers for Unknown E. coli

1 2 3 4 M 5 6 -Key-

1-E. coliO157

2-E. coliO157

3 - Generic E. coli

4 - Generic E. coli

M - Expected Size Marker
5 - Negative Control

6 - Positive Control

Stxl—
eae-universal — IR
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PFGE Analysis for Select
Enterobacteriaceae

H3812-Xba

W

Organism
Eschenchia coli
Eschernchia coli

Eschenchia coli

—»hllll "III | | IIIII:IHII

Spe | (2,254,2)

Organism

Escherichia coli

Eschenchia coli

Eschenchia coli

— ity

Organism
Eschernchia coli
Eschenchia coli

Escherichia coli

Note

ATCC® 285922 ™
ATCC® g7ag™

Environmental Isolate

Mote

ATCC® 25922™
ATCC® g730™

Environmental |solate

Mote

ATCC® 250220™
ATCC® 8739 ™

Environmental |solate
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H9812 Xha

100

[ TT 1= 1rmi

llllHIHH-‘

Hey

3a071-P1-
3507 3-P1-
JalE9-F1-
JalE5-F1-
Fa065-P1-
3507 0-P1-
3a072-P1-
3807 5-P1-
Fa0EE-F1-
Fa067-F1-

L oaTreliaoi=d L Capfiad i Chendioa

Source
ATCC 35150

Em
M El
ATCE
ATCEC
M E|
M4,

M E
ATCC
ATCC

PFGE Comparison for Select Enterobacteriaceae

Customer sample ID HNotes
D157 HY MEI #2782

Q157:H7 WEI #8307 15-01

25822 MWEl internal control EC
ATCC 25931 Shigella sonnei 1120-66
ATCC 8730 === E gl

8730 === WEI internal control EC
E.coli guas WEI #13347

E. cali MWE| #£20253

ATCC 10031 K. pneumaniae

ATCC 43863 K. oxytoca
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Conclusion

« Study demonstrates the limitations of genetic based ID

(16S rRNA) in ID of Escherichia coli ATCC® 8739™
relative to other select closely related
Enterobacteriaceae as well as other Escherichia and

potential pathogenic forms of E. coli such as serotypes
of 0157, EHEC, ETEC, EPEC, EIEC

Use of a Polyphasic approach that combines genetic
derived information with key biochemical and phenotypic
characteristics to correctly “Identify” Escherichia coli
ATCC® 8739™ and exclude potential laboratory and or
process related cross contaminants

Use of PFGE DNA Fingerprint to “Authenticate” and
“Verify” ATCC derived QC strain of Escherichia coli
ATCC® 8739™
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