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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

• Phenotypic

� Protein/enzyme based

� Expression variability

� Absent in some 

organisms

� Environment and 

growth dependent

� Lack of functional 

expression
*Footnote-case study
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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.g., 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 “Gold Standard”
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Genotypic Methodologies

• DNA Sequencing-ID (16S/23S/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

MEI ©2010



“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-Identification as well as 

incomplete ID

• 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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Aerobic/Anaerobic

Pure Isolate

Gram Stain
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Phenotypic Testing DNA Sequencing

Basic Biochemical Test

Gram Stain

Spore

Motility

Antibiotics

Lysis

PCR

PCR sequencing

Electropherogram 

Pure Isolate

(biochemical taxonomic ID)
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Phenotypic Corroboration

Polyphasic Identification

ID confirmation

Data analysis

Database match

ID (assignment)
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Polyphasic approach is critical to provide differentiation

between very closely related species of B. cereus group
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B. cereusB. cereus
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B. cereusB. cereus



B. Cereus SBA
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The Requirement for Polyphasic Microbial 

Identification and Strain Characterization of 

Escherichia coli (E. coli) ATCC® 8739™

“Identify and AuthenticateTM”
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Isolated pure colonies Subjected to:

Genetic (16s), Phenotypic 

and PFGE Analysis

Escherichia coli (E. coli) ATCC® 8739™
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Escherichia coli (E. coli) ATCC® 8739™

Raw Electropherogram



GGCTTTTCTGCGGGTACGTCATGAGCAAAGGTATAACTTTACTCCCTTCC

TCCCCGCTGAAAGTACTTTACAACCCGAAGGCCTTCTTCATACACGCGGC

ATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCT

CCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTC

TCAGACCAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTA

GCTAATCCCATCTGGGCACATCCGATGGCAAGAGGCCCGAAGGTCCCCCT

CTTTGGTCTTGCGACGTTATGCGGTATTAGCTACCGTTTCCAGTAGTTAT

CCCCCTCCATCAGGCAGTTTCCCAGACATTACTCACCCGTCCGCCACTCG

TCAGCAAAGAAGCAAGCTGCTTCCTGTTACCGTTCGACTTGCATGTGTTA

GGCCTGCCGCCAGCGTTCAATCTGAGCAGGATCAAAACTCAAA
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16S SSU rRNA Sequence: Escherichia coli (E. coli) ATCC® 8739™



16S ID is only possible to “Family Level”
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Genetic Similarity Comparison of select Enterobacteriaceae
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Phenotypic Characterization of select Enterobacteriaceae
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Polyphasic ID MEI 35065 ATCC® 8739™ Source: 

ATCC
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Polyphasic ID MEI 35068 ATCC® 25931™ Source: 

ATCC
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Polyphasic ID MEI 35066  ATCC® 10031™ Source: 

ATCC
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Polyphasic ID MEI 35067  ATCC® 43863™ Source: 

ATCC
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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
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Polyphasic ID MEI 35069  ATCC® 25922™ Source: 

MEI
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Polyphasic ID MEI 35065  ATCC® 8739™ Source: 

ATCC
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Polyphasic ID MEI 35075 Source: Environmental 

Isolate
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Polyphasic ID MEI 35071  ATCC® 35150™ Source: 

MEI  Note: O157:H7
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Polyphasic ID for MEI 35073 Source: MEI Lab 

Isolate   Note: O157:H7
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Multiplex PCR Analysis of Pathogenicity markers for Unknown E. coli
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PFGE Analysis for Select 

Enterobacteriaceae



© MEI 2010

PFGE Comparison for Select Enterobacteriaceae



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 O157, 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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