
Spring 2012  Volume 16  Number 2    55

PEER  REVIEWED:  MICROBIOLOGY

INTRODUCTION
Microbial identification plays a central role in the 
cleanroom control program (1). The method of iden-
tification, however, must be wedded to the need. 
For example, any organism isolated from the critical 
aseptic processing area must be identified to great 
detail, while those from class D/ISO 8/100,000 areas 
might only be characterized to the genus level. The 
key concern is providing sufficient detail to assist in 
the tracking of the state of control of the facility.

Most identification schemes still rely on the Gram 
stain, a differential staining technique developed in 
the late 1800s by Christian Gram (2). This differ-
ential counterstaining technique is good at distin-
guishing a real difference in cellular morphology. 
Unfortunately, this method is prone to a significant 
level of operator error, which has encouraged the de-
velopment of alternate methods for showing the dif-
ference in cell structure (3, 4). Traditional methods 

of identification also consider a variety of phenotypic 
characteristics.

PHENOTYPIC METHODS
Phenotypic methods typically incorporate reactions 
to different chemicals or different biochemical mark-
ers. The API strip is basically a prepackaging of the 
standard method that required racks of test tubes 
into a convenient bubble-wrap. This method was 
further refined in the Vitek automated system, which 
miniaturized the process (5, 6). The Vitek system has 
recently been enhanced to provide greater resolution 
of microorganisms (7, 8).   

Biolog, Inc. offers a second phenotypic system. 
The fundamental unit in this system is a 96-well 
plate that has different carbohydrate sources in each 
well, with a tetrazolium redox dye. If the microor-
ganism is capable of utilizing the carbohydrate, the 
well turns dark indicating reduction of the dye (9, 
10). The end-result is a pattern of wells (a “metabolic 
fingerprint”) that allows the user to identify the un-
known microorganism. This method has recently 
been extended to include the identification of molds 
and filamentous fungi with a proprietary software 
package.    

The use of cellular fatty acid (FA) composition to 
identify the genus and species has been popular for 
several years (11, 12). The fatty acids are extracted 
from the cell cultures and then the patterns of fatty 
acid esters are determined by gas chromatography 
(13). A popular system for this application is the 
MIDI Sherlock Microbial Identification System.  

There are some new methods under development 
for the pharmaceutical quality control (QC) lab. 

There are a variety of microbial identification technol-

ogies on the marketplace available to the quality con-

trol laboratory. The choice of which technology to use 

is one that must be approached with a firm grounding 

in the requirements of the facility for cost, turnaround 

time, capacity, level of identification, and many other 

considerations. Development of a user requirements 

specification document should be a priority to gain 

clarity in requirements and to build consensus among 

management. Once the appropriate technology is 

determined, qualification of that technology should 

ensure that it meets user requirements.
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These include Fourier-Transform Infrared (FTIR) 
microscopy (14) and Matrix-Assisted Laser Desorp-
tion Ionization–Time of Flight (MALDI-TOF) mass 
spectroscopy (15, 16). The MALDI-TOF system es-
pecially is making some headway, with two vendors 
marketing the technology into the pharmaceutical 
market. However, as of this writing, these technolo-
gies have not seen widespread use in the QC lab.

GENOTYPIC METHODS
The US Food and Drug Administration elevated 
the use of genotypic identification methods with 
the release of the revised aseptic processing guid-
ance document late in 2004 (17). Section X.B. of the 
guidance document reads, “Genotypic methods have 
been shown to be more accurate and precise than 
traditional biochemical and phenotypic techniques. 
These methods are especially valuable for inves-
tigations into failures (e.g., sterility test; media fill 
contamination). However, appropriate biochemical 
and phenotypic methods can be used for the routine 
identification of isolates.”

The Qualicon Riboprinter is fundamentally an 
automated Southern Blot apparatus using labeled ss-
DNA probe from the 16sRNA codon. The resulting 
pattern is then used to identify the unknown micro-
organism (18,19). If the initial banding pattern is in-
conclusive, then the restriction endonuclease can be 
changed to provide an extraordinary level of strain 
discrimination (20).  

Another genotypic identification system on the 
market is the MicroSeq 500 16S rDNA Bacterial Se-
quencing Kit offered by Applied Biosystems. As the 
name implies, it provides the materials needed to 
sequence the first 500 base pairs of the unknown 
microorganism’s 16s ribosomal RNA codon (21). The 
technology involves amplification of the 16S codon 
by PCR, followed by automated sequencing. 

A final genotypic method that is being marketed 
into the QC pharmaceutical laboratory is the Bacte-
rial Barcodes system (22) marketed by bioMerieux. 
This system is also based on PCR technology, using 
as a primer a sequence homologous to a repetitive 
sequence in the bacterial genome. The amplified 
sequence is then separated by gel electrophoresis 

and visualized to give the “barcode” specific to that 
strain. 

Qualicon markets the BAX system to the food in-
dustry that contains primers for Salmonella, Listeria,
or E. coli O157:H7 (23). This system has promise for 
determination of the absence of specified organisms 
in the product.

Other genetic methods have been published in the 
literature, although few are available to the pharma-
ceutical market (24). 

CHOOSING A METHOD
There are a variety of identification technologies 
available. When choosing one for the lab, bear in 
mind the strengths, and weaknesses, of the various 
methodologies. For example, the aseptic processing 
guidance document strongly recommends the use of 
genotypically-based methods (17). However, if you 
choose technologically demanding methods, there 
is potentially an associated cost in facilities, labor 
(highly skilled technicians), and maintenance that is 
not present with the more bench-level methods. In 
other words, consider the difference in cost between 
the different methods—not only the difference in 
purchase price, but differences in validation costs, 
maintenance costs, certification and requalification 
costs, as well as consumables and labor. Generally 
speaking, the more elaborate the technology, the 
more expensive it will be to qualify and maintain it 
in a good manufacturing practice (GMP)-compliant 
state (totally aside from consumable costs).  

Another consideration is if you will be able to use 
physiological information from the organism to your 
advantage. It is helpful in some situations to know 
the ability of the microorganism in terms of growth 
conditions and ability to use different nutrient 
sources (e.g., can it eat your product?). While many 
phenotypic methods provide such information, few 
others do and none of the genotypic methods will 
provide this. Literature research must be relied on 
for this information if it is not provided by the tech-
nology.

This does leave the question of using the appro-
priate method for your situation. Many situations 
benefit from having a relatively inexpensive test that 

How
method
isolates

approp
n be use

e bioch
or the 

al
ine

n

otential
hly skil
present

n ass
techni
th the 

ated co
), 
 b

n f
mainte
h-level m

es, labo
ce that 
hods. I

th
in

nat
enotypnd phe

ntif
Th
to

ficati
he n R

hern
bopr
Blot

te
appa

s fu
atus

ndam
using

nt
label

y a
ed ss

other 
he d

word
e

s,
nt

ons
meth

er
ods—

e
—no

u
p g

attern is then used to identify the unknown micro-
rganism (18,19). If the initial banding pattern is in-

p p ,
maintenance costs, certification and requalificatio
costs, as well as consumables and labor. Generall

camte c- aid nn  then used to identify the unknown microatttern is thenn uussedd to idennti
ia

y tthhe uun
n

known mmiccro- main
ts

teen
as

ann e coosstss, cceertificcaatioon andd reeqqqualli icaati



Spring 2012  Volume 16  Number 2    57

Sco t t  Su t t o n

gives good quality identifications to the species level. 
Perhaps further precision for many applications is 
not warranted. In these situations, cost of consum-
ables, throughput, and turn-around-time for reports 
are the primary considerations. 

Useful information on considerations in the selec-
tion of technologies is presented in the new United 
States Pharmacopeia (USP) chapter <1113> “Microbial 
Characterization, Identification and Strain Typing” 
(25). In addition to providing some information on 
determining the needs of the organization for micro-
bial identification technology, this chapter also pro-
vides some basic guidance on lab operational con-
siderations to assist in reducing errors in the process.  

One final aspect must be considered as part of the 
determination of the microbial identification needs. 
All techniques work by indirect means. That is to 
say, a series of tests are run on the unknown organ-
ism. Based on the organism’s responses to the test, 
a match is found in a pre-existing database and the 
identity of the unknown organism is deduced by its 
similarity to the match. If the database does not have 
a match, then the technique is unable to assign an 
identity. The size, breadth, and appropriateness of 
the technology’s internal database are critically im-
portant in determining its value to the lab.  

How is the best identification method to use de-
termined? The most direct approach to deciding the 
appropriate technology is to research the choices 
from the perspective of needs and expectations. 
This is not as easy as it may sound. The accurate 
determination of a company’s needs may extend well 
outside the microbiology lab, including regulatory 
affairs, quality assurance, and perhaps manufactur-
ing departments as well. The development of a user 
requirements specification (URS) document to drive 
this process is highly recommended (see Sidebar). 
This is a formal quality document, similar in concept 
to a design qualification document. Different compa-
nies will have different formats for these documents, 
but the essential features of the document will be 
that it has the essential requirements and that it has 
upper management sign-off (for a variety of reasons 
it is a good idea to document upper-management 
commitment).

Partial list of topics covered in any URS designed for an 
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In short, there are a wide variety of choices avail-
able to help with the identification of unknown or-
ganisms. It is important to define specific require-
ments and to purchase the appropriate system to 
meet those needs. 

QUALIFICATION OF THE TECHNOLOGY
Once brought in-house, microbial identification 
equipment should be evaluated by the same type 
of process used for other analytical equipment. It 
is common for the vendor to supply the installation 
and operational qualification. This is an accept-
able approach provided that the plans are approved 
through the company’s quality assurance group and 
that all raw data are reviewed by responsible and 
knowledgeable individuals. The vendor is in the best 
position to confirm that the equipment is correctly 
installed and operating correctly. However, the ven-
dor should not conduct the performance qualifica-
tion (PQ) portion of the new technology for several 
reasons.

First of all, the main purpose of the PQ is to deter-
mine if the analytical equipment meets the require-
ments spelled out in the user requirements, which is 
normally documented as a controlled document (see 
USP <1058> “Analytical Instrument Qualification” 
for a more comprehensive treatment of this topic). 
Secondly, the user is missing a useful opportunity 
to train lab personnel without affecting product re-
lease or investigations if it is done in cooperation 
with the vendor’s installation technicians as part of 
the instrument qualification. Finally, this is a clear 
opportunity to confirm that the technology brought 
in-house meets the expectations of the company as 
determined when the purchase was approved. 

Some informational guidance is available in USP 
chapter <1113> to assist in designing the qualifica-
tion protocol (described as the “Verification” in the 
chapter’s text) (25). The interested reader is directed 
to USP for more information on this topic.

CONCLUSIONS
There is no single technology that is the “best” for 
all labs in all situations. It is important to research 
the available identification options with a clear idea 

of the company’s needs in mind. Once a technology 
has been identified as a potential candidate, evalu-
ation of the technology against the prepared user 
requirements document should culminate in a fully 
qualified analytical instrument for microbial identi-
fication.
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