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Introduction

The Importance of Microbial Contamination Control
by: Tim Sandle, Ph.D.

The importance of microbiological control in relation to the manufacture of pharmaceutical and healthcare products is 
the theme of this special compilation for IVT Network. The articles selected highlight the twin themes of maintaining 
control through the assessment of risk and the use of sound, scientific methods to assess risk. This latter area 
includes the use of rapid and alternative methods.

While microbiology plays a role in drug development, through the application of biotechnology (including the 
development of anti-infective agents and with the manufacture of pharmaceutical products), a considerable part of the 
role of the pharmaceutical microbiologist is with protecting pharmaceutical and healthcare products from spoilage by 
microorganisms and thus protecting patients and consumers. With both sterile and non-sterile products, the effects 
can range from discoloration to the potential for fatality.

Contamination control strategy

A more recent change in tract with pharmaceutical microbiology is the need to look at contamination events holistically, 
and this is achieved through the development of a contamination control program. Several of the articles in this issue 
can assist with this process. 

In drawing up a contamination control policy, there is a need to understand the design of both the manufacturing plant 
and pharmaceutical process. With this, quality of the design is important for controlling contamination. This includes 
reducing the number of process steps; using closed systems, where possible, and reducing the numbers of personnel 
permitted to be a in a cleanroom. Ideally, process maps should be available for each step. 

A second area of importance is how well personnel behave, especially in cleanrooms. Effective training of people is 
critical towards achieving contamination control. The minimum basis for a training program for a sterile facility would 
include: hygiene, cleanroom practices, contamination control, aseptic techniques, and potential safety implications to 
the patient of a loss of product sterility and in the basic elements of microbiology.

A third area is with risk assessments. The majority of risk assessments should be proactive, developed in advance. 
Well-designed risk assessments can assist with the detection of areas of microbial contamination, in relation to the 
main vectors: people, air, water, and via equipment transfer. Once risks have been minimized, monitoring locations can 
be selected for in-process samples and in relation to the surrounding environment. Understanding risks also assists 
with developing appropriate corrective and preventive actions (CAPA). One of the most powerful investigative tools is 
Hazard Analysis Critical Control Points (HACCP), an approach that features in some of the articles that make up this 
issue.

At times reactive risk assessments will be required, in response to contamination events. These need to be wide-
ranging, capturing all parts of the process. With aseptic processing, for example, what happens in an ISO class 
7 (Grade B) area could be related to a shift in trend earlier in the process, relating to an ISO class 8 (Grade C) 
cleanroom, for example. 

A contamination control strategy should have in place a good system for addressing CAPAs. To arrive at an effective 
CAPA, there needs to be a system in place for trending, conducting investigations, arriving at root causes, and then for 
suggesting and implementing appropriate CAPAs. These activities hinge on effective investigational tools

A related area of control is with utilities, particularly water systems and cleanrooms. Repairs undertaken to such 
systems can be especially problematic, and care must be taken with the recovery regimes to ensure that any process 
impact is minimized. A further area to consider is the development of the cleaning and disinfection regime. Cleanrooms 
are invariably well-designed; the concern that often arises is when people begin to work within them. Having a sound 
cleaning (use of a detergent) and disinfection (rotation of two biocides with different modes of activity) regime in place 
helps to address the risks of microorganisms introduced into cleanrooms

A final point to make is that no contamination control strategy should stand still and such a strategy should be regularly 
reviewed and updated. As part of any review, continuous improvement should drive necessary changes, based on 
information gathered from the above areas. This can range from addressing circumstances where the same event 
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leads to more than one contamination event occurring within the same review period, to having knowledge of new 
technologies and having plans in place to implement improvements to reduce contamination likelihoods throughout the 
manufacturing process.

Highlights from this special issue

This special, microbiological themed compilation contains a range of useful articles to help underpin good 
microbiological practices and with the development of a contamination control strategy. Some of the key points are 
worth drawing out.

Laboratory design

Running an effective microbiology laboratory is essential to support the contamination control program and a good 
laboratory requires an effective initial design. Optimizing processes is at the heart of laboratory planning. For example, 
the microbial identification lab requires a definitive workflow that extends from subculturing, trough staining, to 
biochemical or genotypic analysis. Precise protocols followed at each of these steps ensure the purity of the sample 
and the integrity of the data obtained from the process.

In the article “Modern QC Microbiology Laboratory Design and Layout Considerations” a number of important 
considerations are drawn, including the importance of avoiding cross-contamination and thereby avoiding invalid 
results. Sound advice is also provided about designing appropriate classified areas for the operations to be performed 
within the microbiology laboratory. The classification should be based on the criticality of the product and the 
operations being carried out in the area, and this extends to key activities like sterility testing.

Rapid microbiological methods

Rapid and alternative microbiological methods can assist with the contamination control program, in terms of more 
accurate assessment of samples and with providing real-time data. However, the selection of the most appropriate 
method requires care and attention. Rapid microbiological method technologies aim to provide more sensitive, 
accurate, precise, and reproducible test results when compared with conventional, growth-based methods. They 
normally involve some form of automation and they normal capture data electronically (which requires consideration of 
data integrity matters).

The article “Approaching the Selection of Rapid Microbiological Methods” provides a guide to the different types of 
methods and a framework for the selection of methods. Microbiological testing generally falls into one of four groups:

• Qualitative tests for Presence/Absence (e.g. is E. coli in the water?)
• Quantitative tests for Enumeration (e.g. how many bacteria are in a product sample?)
• Quantitative tests for Potency or Toxicity (e.g. what level of endotoxin is in the sample?)
• Identification tests (e.g. which species of bacteria was found in the sample?)

The article highlights the general validation steps, which can be summarized as:
• Risk Assessment
• Validation Master Plan (VMP)
• User Requirements Specifications (URS)
• Design Qualification (DQ)
• Supplier Assessment/Audit
• Functional Design Specifications (FDS)
• Requirements Traceability Matrix (RTM)
• Training and Standard Operating Procedures (SOPs)
• The Test Plan
• Factory Acceptance and Site Acceptance Testing (FAT and SAT)
• Installation Qualification (IQ)
• Operational Qualification (OQ)
• Performance Qualification (PQ)
• Validation Summary Report

Consideration of the above can assist with developing a regulatory strategy. 
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The rapid methods theme is expanded in a case study of one specific system: “Validation of the Growth Direct System 
to Perform Pharmaceutical In-process Bioburden Analysis.” This article outlines some of the pitfalls that might be 
encountered and introduces the validation strategy, which can be modelled for other systems. 

Data integrity

Data integrity is a hot-topic across the pharmaceutical sector but it is a subject neglected in the microbiology field. This 
is addressed in the article “Data Integrity Considerations for the Pharmaceutical Microbiology Laboratory.”

Even with the growing adoption of rapid methods, microbiology laboratories handle a lot of data. Unlike analytical 
laboratories, however, the data is more often an even mix of quantitative and qualitative data. Examples of data include 
the result of a settle plate exposed during the
environmental monitoring of a cleanroom; the endotoxin content in a sample of water; the weight result from the 
weighing of a raw material for use in the pharmacopeia Microbial Limits Test and so on.

Despite the current high profile, the subject of data integrity in the pharmaceutical microbiology laboratory has not 
been afforded very much attention in terms of regulatory guidance. This article looks at data integrity concerns within 
the microbiology laboratory, including those relating to conventional methods and those applicable to rapid methods, 
and considers some of the steps that can be taken to address identified weaknesses.

Microbial identification

Microbial identification strategy is an area which microbiologist frequency ask for guidance: what to identify, when to 
identify, to which level?, are perennial questions. 

Also, of importance is the selection of the most appropriate system. Matrix-Assisted Laser Desorption/Ionization - 
Time of Flight Mass Spectrometry (MALDI-TOF MS) is one of the more recent microbial identification systems made 
available to laboratories, and the article “Microbiological Identification with MALDI-TOF MS” provides a case study for 
adopting such technology. 

Cleaning validation

Cleaning validation tends to focus on chemical aspects but microbial issues can also be problematic, especially where 
equipment stands for prolonged periods with soil, such as protein. The article “Microbiological Aspects of Cleaning 
Validation” addresses the test methods and contamination concerns in relation to microorganisms and equipment. 

To evaluate these microbiological risks a sound microbiological sampling plan is required. The emphasis on sampling 
is important since microorganisms cannot be introduced into the process. This is unlike a chemical assessment 
where equipment can be deliberately soiled with a residue to test out cleaning efficacy. Microbial controls should 
not be introduced into the cleaning process.  This article assesses the risks from microorganisms and the cleaning 
requirements necessary to achieve microbial control. 

Assessment of utilities

Control of utilities, as discussed above, is an important part of the control strategy. While the emphasis is generally 
upon water and HVAC, control and testing of compressed gases is of importance. The article “Microbiological 
Assessment of Compressed Gases in Pharmaceutical Facilities” looks into this subject.

While sampling is important, the method of sampling can hindered by the design of the gas system where sampling 
is not easily conducted in an aseptic manner, or by the design of the air-sampling instrument. This paper reviews 
the important aspects of compressed air sampling for microbiological assessment and looks at possible sources of 
contamination if microorganisms are recovered.
Environmental monitoring program

The essential part of the contamination control strategy is the environmental monitoring program, designed to assess 
whether a facility is in control through the detection of trends. Environmental Monitoring describes the microbiological 
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testing undertaken in order to detect changing trends of microbial counts and micro-flora growth within cleanroom 
or controlled environments. The results obtained provide information about the physical construction of the room, 
the performance of the Heating, Ventilation, and Air-Conditioning (HVAC) system, personnel cleanliness, gowning 
practices, the equipment, and cleaning operations. Over the past decade, environmental monitoring has become more 
sophisticated in moving from random sampling, using an imaginary grid over the room and testing in each grid, to the 
current focus on risk assessment and the use of risk assessment tools to determine the most appropriate methods for 
environmental monitoring.

The essential elements of the program are succinctly captured in the article “Developing or Updating your 
Environmental Monitoring Program to Meet Current Regulatory Expectations.”

Environmental monitoring is not only about numbers. There are also concerns with specified microorganisms and the 
frequency of their occurrence, a subject considered in the article “Objectionable Organisms.”

Microbial investigations

Once a data deviation is confirmed or an adverse trend established an investigation should be conducted. The scope 
of the investigation will depend upon the nature of the trend or the risk to the product (growth from a swab taken 
of a filling needle from an aseptic fill is of a substantially higher risk than a floor contact plate from an ISO class 8 
preparation area). Assessing trends requires some experience in order to determine if the datum is part of an adverse 
trend, whether is signals an unusual problem or loss of control; or if it is an isolated event. Investigations can be more 
common as facilities age and if the associated risks are not addressed, as subject considered in the article “Risk 
Consideration for Aging Pharmaceutical Facilities.”

An important part of microbial investigation is with fungi, and this is examined in the article “Investigating and 
Addressing Fungal Contamination in Pharmaceutical Cleanrooms.” Presenting this in a dedicated article is important, 
given that few microbiologists are all that familiar with mycology. This notwithstanding, fungi are a particular concern 
in cleanrooms because they form spores and, once present in an area, fungal spores are ubiquitous, spread relatively 
easily, and they can be difficult to remove.

Sterilization and decontamination

For sterile products manufacturers, the use of validated sterilization and biodecontamination processes is of 
importance. Some examples are provided in the articles “Validation Requirements for Gaseous Sterilization Using 
Ethylene Oxide” and “Biodecontamination of Cleanrooms and Laboratories Using Gassing Systems.”

An important distinction here is that hydrogen peroxide, the most frequently used gassing system, is said to 
‘decontaminate’ rather than ‘sterilize’. The concern is that although under ideal conditions, VHP can achieve a 
reduction of biological Indicator spores of up to 6 logs, the process itself is incredibly fragile.

Summary

This special edition captures some of the current themes and issues relating to pharmaceutical microbiology and 
contamination control, and many of the points required to develop a control strategy are discussed and expanded upon 
in the articles in this issue. The articles have been written by many of the leading pharmaceutical microbiologists, and 
have been subject to peer review 

While not all of the themes have been highlighted in this editorial, each article falls within the scope of process 
control and protecting from microbial contamination. Taken as a whole, this edition from IVT provides a rich pool 
of microbiological knowledge for the reader to draw upon and to use to improve their processes and controls 
mechanisms.
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BACKGROUND 
In the pharmaceutical and medical device industry, the microbiology 
laboratory is often a spin-off of the analytical chemistry laboratory. Un-
fortunately, the microbiology laboratory facility is often pushed into the 
little space that is left after the QC lab has been assigned two or three 
larger rooms (1). The challenges and risks of microbiological analyses 
and their impact on product quality and patient safety is underesti-
mated or overlooked. It is not intentional but it is due to the lack of 
awareness and understanding of the microbial sciences as microorgan-
isms are not visible to the naked eye. 

As a result, there is often inadequate space to allow separation 
of “dirty” activities such as microbial culture handling and growth 
promotion testing, from “clean activities” such as bioburden testing 
or water sample testing (1). Process flows are often inadequate posing 
risk of cross-contamination and refrigerators, incubators, and other 
storage areas double up for storage of sterile media, test samples prior 
to testing and bacterial slants and tubes awaiting use in the growth 
promotion test (1). Due to which production complains/claims samples 
were contaminated in the laboratory or results were false positive. It is 
well known how challenging it is to perform microbial data deviation 
investigations and identify a root cause. As per USP<1117>Analytical 
microbiological assay results can be difficult to interpret for several im-
portant reasons: (a) Microorganisms are ubiquitous in nature, and com-
mon environmental contaminants—particularly organisms associated 
with humans—predominate in many types of microbiological analysis; 
(b) the analyst has the potential to introduce contaminating organisms 
during sample handling or processing in the laboratory; (c) microor-
ganisms may not be homogeneously distributed within a sample or an 
environment; and (d) microbiological assays are subject to considerable 
variability of outcome. The laboratory studies should be conducted with 
utmost care to avoid exogenous contamination, in which the laboratory 
layout and work flow plays an important role.

The microbiology laboratory design requires special attention due 
to the nature of the test material. The design of a microbiology labo-
ratory needs to pay attention to the following general characteristics 
of microorganisms. The microorganisms are invisible, ubiquitous in 
nature, carried by humans and also they could grow into large popula-
tion. In other words they are live entities (2). Each individual cells can 
perform all essential functions of life. During testing of microorgan-
isms, laboratories provide highly conducive environment for microbial 
growth. Laboratories need to develop techniques to manage areas of 
high microbial populations, precautionary controls to prevent release 

Modern QC Microbiology 
Laboratory Design and Layout 
Considerations
Ratul Saha

 

Ratul Saha



SPECIAL EDITION: : Essential Microbiology for GXP Compliance    9

of microorganisms to environment, and mechanisms 
to prevent the entry of microorganisms to aseptically 
protected areas. 

The initial design of a microbiology laboratory 
needs to address physical separation of spaces to 
carry out functions and meet safety, environmental, 
and other requirements. Microbiology laboratories 
need to be designed and maintained with cGMP 
requirements in mind (3). Regulations have well 
emphasized that the laboratory should ensure that 
its facilities and environmental conditions do not 
adversely affect or invalidate sample handling, instru-
mentation, instrument calibration and qualification, 
and analytical testing (4). During the development 
of a microbiology laboratory and preparations of the 
layout, it is important to recognize the type of assays 
that will be performed, the required work capac-
ity of the laboratory, the footprint of the equipment, 
the number of staff engaged in testing, the services 
(electricity, water, gas) required, and the mechanism 
to control inadvertent release of microorganism to the 
environment as well as cross-contamination. In other 
words, environmental controls need to be in place to 
avoid the contamination of test materials, diluents 
and media (3). Additionally, there should be room 
for future expansion. Thus, it is imperative that the 
above mentioned factors are considered and kept into 
perspective during the layout design of the QC mi-
crobiology laboratory. Here is a list of typical assays 
and activities performed in a pharmaceutical microbi-
ology laboratory (5): a. Growth promotion testing; b. 
Microorganism maintenance; c.  Bioburden testing; d. 
Microbial limits testing; e. Endotoxin testing; f. Steril-
ity testing; g.    Container closure integrity testing; h.  
Antimicrobial effectiveness testing; i. Environmental 
monitoring- requires special equipment and incuba-
tors; j. Disinfectant efficacy testing; k. Particulate 
testing; l.  Microbial identification testing; m. Biologi-
cal indicator testing; n. Autoclaving; o. Waste decon-
tamination; p. Dish washing; q.   Special studies.

Another important aspect of modern microbiology 
labs are the implementation of lean concepts into its 
design and layout. It is well known that the design, 
layout, and placement of laboratories have significant 
impact on lab processes, behaviors, and communica-
tions. A good design will proactively support lean 
processes including flow, visual management, quality 
work as well as excellence in workplace (6). Imple-
mentation of the concepts of lean will improve turn-
around time, reduce redundancy, eliminate wasteful 
steps, and improve quality. It will allow laboratory 
personnel to work smart instead of hard, as the real 
intent of lean is to maximize value by minimizing 
all wasteful practices. Although laboratories are not 
the same as manufacturing environments, lean can 
be implemented by careful adaptation of techniques 

based on a thorough understanding of laboratory 
processes. The layout of the laboratories and support 
areas should encourage a sensible material flow, sepa-
ration of different activities, and sound waste disposal 
practices (3). At a minimum, the 5S lean methodol-
ogy should be applied in the laboratory environment 
to improve efficiencies and lab safety of current and 
future employees. 

The scope of this article is to make recommenda-
tions and suggestions for the design and layout of 
the QC Microbiology Laboratory. It does not cover 
any suggestions or recommendations for equipping a 
microbiology lab or its utilities such as water systems, 
lighting, compressed gas or vacuum requirements. 
It also does not contain in detail the safety aspects 
of the microbiology laboratory such as an eye wash 
station, shower, biohazard spills, storing of chemi-
cals, location of fire extinguishers, laboratory hygiene 
procedure and other general safety aspects.

CONSIDERATIONS
Based on the above mentioned factors here are some 
suggestions and recommendations for consideration 
in the development, design and layout of a QC Micro-
biology Laboratory:
•  As mentioned in Sutton, 2010, one of the criti-

cal elements of laboratory design is to develop a 
user requirements specification (URS) ensuring a 
design that fulfills all requirements such as regula-
tory, environmental, financial, space, production 
and warehousing. The aim of the URS is limited to 
listing the specifications required. It is the respon-
sibility of the design firm to offer options on how 
the requirements will be met. At the outset of the 
project the user must provide sufficient information 
to the engineering service provider to enable the 
development and assessment of specific options. 
User requirements should focus on what is needed, 
without being overly prescriptive as to how the re-
quirements should be met (3). Here are some of the 
essential data that should be gathered to determine 
the URS as suggested in Sutton, 2010:

A. What is the purpose of the project? 
B. What is the scope of the project? 
C. Define where the lab will be located. 
D.  What are the major functional areas within the 

laboratory (e.g. gowning, sample receiving, gen-
eral storage, media preparation and storage, cul-
ture preparation and storage, chemical storage, 
sample testing, incubation, counting, microbial 
identification, glassware washing etc.)? 

E. What products will be produced? 
F. Which market will the products be sold?
G.  What are the temperature and humidity re-

quirements?

Ratul Saha
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H. What cleanliness levels are required?
I.   How many days inventory of raw materials and 

finished products need to be stored?
J. What are the requirements for stability? 
K.  What is the number of sample required (based 

on production volumes/quantities)? 
L.  What are the product’s environmental require-

ments? 
M.  What tests are going to be performed on the 

products/samples? 
N. How many shifts will be run? 
O.  How many analysts will be in each area during 

each shifts? 
P.  List any known operating ranges and tolerances 

for critical testing parameters. 
Q.  Identify any operating restrictions or difficul-

ties. 
R. Identify any operating restrictions or difficulties. 
S.  Identify any safety information for the associated 

materials and processes. 
T. Identify how waste materials will be removed. 
U.  Identify any known compatibility or incompat-

ibility for materials of construction. 
V.  Describe the intended cleaning methods, agents 

and limits. 
W. What types of cabinets are desired? 
X.  What equipment requires an emergency power 

back-up system? 
Y.  What design and construction information is 

available for renovation of an existing building? 
Z. What are the plans for future expansion?

•  In design of the microbiology laboratory the follow-
ing questions should be kept into perspective (7):
A.  How is the design and fitting of the sterility test-

ing area?
B. Where are sterility tests carried out? In isolator?
C.  How is assessed protection against microbiologi-

cal contamination during aseptic operations?
D.  Appropriate instructions for access into the 

critical areas exist?
E. Where are GPT performed?
F.  Is the area for positive tests/GPT testing separate 

from areas where product is tested.
G.  Is the ventilation system separated from other 

areas? What are the pressure differentials? Are 
there visual alarms?

H.  Where are prepared materials for aseptic opera-
tions? Where are prepared culture media for 
testing? Is there any segregated area/room for 
manipulation with culture media?

I.  How and where are decontaminated materials for 
microbiological testing? Is there some segregation 
of washing area to the clean and non-clean part?

•  Microbiology Laboratories and certain support 
equipment (e.g. autoclaves and glassware) should be 
dedicated and separated from other areas, espe-

cially from production areas (8).
•  Microbiology lab should have sufficient space for 

all activities to avoid mix ups, contamination and 
cross-contamination (8).

•  Separate storage areas of sufficient size are present 
in the laboratory to ensure that glassware, portable 
instrumentation, microbiological media, supplies, 
reagents, solvents, chemicals, hazardous or regu-
lated wastes and reference standards and materials 
are properly stored (9).

•  Microbiology lab should be appropriately designed 
and should take into account the suitability of con-
struction materials to enable appropriate cleaning, 
disinfection and minimize the risks of contamina-
tion (8, 9). For example, wooden surfaces should be 
avoided in a microbiology laboratory.

•  Laboratory layout and design should carefully 
consider the requirements of good microbiological 
practices and laboratory safety (10). 

•  There should be separate air supply to laborato-
ries and production areas. Separate air-handling 
units and other provisions, including temperature 
and humidity controls where required, should be 
in place for microbiological laboratories. The air 
supplied to the laboratory should be of appropriate 
quality and should not be a source of contamina-
tion. Pressure differentials and visuals alarms 
should be considered in the design element (7, 8).

•  Cross-contamination of microbial cultures be mini-
mized to the greatest extent possible (10).

•  The material and personnel flow is critical in a mi-
crobiology lab. The lab should be designed in a way 
that there is forward flow from clean to dirty area.

•  Microbiological samples be handled in an environ-
ment that makes contamination highly unlikely 
(10).

•  Laboratory should be divided into clean or aseptic 
areas and live culture areas (9, 10).

•  Areas in which environmental or sterile product 
samples are handled and incubated should be 
maintained completely free of live cultures (10).

•  The microbiology lab will be required to handle 
culture collections. The ability to reliably store and 
recover pure cultures will be required at some point 
(3).  Handling of live cultures should be performed 
on the live (dirty) culture area. In consideration for 
the safety of the technicians in the lab, open work 
involving live cultures such as growth promotion 
testing, positive control testing, validation and 
method qualification (involving spiking of live 
cultures), microorganism maintenance and iden-
tification, biological indicator testing, disinfection 
efficacy testing etc. should be performed in a Type 
II Biological Safety Cabinet (BSC). 

•  The work area for opening the product unit con-
tainer or other test sample container to perform 
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testing should be either a HEPA filtered laminar 
flow hood or an alternate controlled environment to 
safeguard the exposure of open media and product 
to either environmental or personnel contamina-
tion. In this regards, at a minimum HEPA filtered 
laminar flow hood should be used for bioburden 
and microbial limits testing (11).

•  BSC or Laminar Air Flow Hood should not be 
located directly under the air handling vents. They 
should also be placed away from laboratory doors 
and sinks.

•  Considerations should be given to designing ap-
propriate classified areas for the operations to be 
performed within the microbiology laboratory. The 
classification should be based on the criticality of 
the product and the operations being carried out 
in the area. Sterility testing should be performed 
under the same class as used for sterile/aseptic 
manufacturing operations (8). Sterility test should 
be conducted within a class A laminar airflow cabi-
net located within a class B clean room, or in an 
isolator that need not be located within a controlled 
environment. Sterility testing should be carried out 
in a work zone that offers sufficient space and mate-
rial should be placed in such a way that it does not 
disrupt the laminar airflow (12).

•  Entry to sterility test clean room should be via an 
airlock in which operators are required to change 
into clean room garments (12).

•  All fittings, such as power outlets and light fittings 
should be flush with the wall or ceiling surfaces 
and sealed to prevent entrainment of unclean air. 
Surfaces should be smooth and impervious to the 
cleaning agents used (12) in a clean room.

•  The joints between ceilings/walls/floor should be 
coved to facilitate cleaning (12) in a clean room.

•  Chairs, storage cabinets and trolleys within a clean 
room should be designed to facilitate cleaning and 
be suitable for use in a clean room environment 
(12).

•  Furniture in laboratories should fit with the needs 
of the activities that will take place in the lab and 
not vice-versa (6).

•  Where possible the three zone concept should be 
applied to design the new lab. For example, zone 
one embodies the laboratory space for sample test-
ing, zone two encompasses the documentation area 
where the analysts record results and zone three 
provides an area for non-testing project work and 
community interaction (6). The key to the success 
of this arrangement is the adjacency between zone 
one and two, they need to be integrated but still re-
quire a certain amount of separation in order to cre-
ate a suitable and safe environment. Basically, the 
recording of the data generated from testing should 
be performed within the Microbiology Laboratory 

space but separation should be in place between 
sample testing and documentation area.

•  The laboratory space should be designed in a way 
that visualization of work flow, equipment and data 
gathering is possible by laboratory manager, man-
agement personnel and inspectors without entering 
the actual work space.

CONCLUSION
In designing a QC microbiology laboratory, it is 
important to keep in perspective the nature of the 
microorganisms, the potential sources of cross-con-
tamination, the nature of the test materials, as well 
as the regulatory requirements in the pharmaceutical 
and medical device industry. The generation and col-
lection of data is key to ensuring product quality and 
patient safety.
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INTRODUCTION
Rapid microbiological method technologies aim to provide more sensi-
tive, accurate, precise, and reproducible test results when compared 
with conventional, growth-based methods. Rapid methods normally 
involve some form of automation, and the methods often capture data 
electronically. With several different technologies available on the mar-
ketplace, the microbiologist has a difficult, and sometimes expensive, 
choice to make in selecting the optimal method.

This paper, whilst addressing some of the emerging technologies, is 
not so much about the different rapid microbiological methods that are 
available; it is more concerned with the considerations that need to be 
considered for their selection. As such, the paper provides some advice 
for the microbiologist to consider when drawing up a rationale for the 
selection of a rapid or alternative microbiological method.

CHANGING WORLD OF MICROBIOLOGY
Conventional microbiological methods; including those long-estab-
lished and described in the European, Japanese, and United States 
Pharmacopoeia; have served microbiologists well over the past century 
and have helped to ensure the production of microbiologically safe 
products. For example, a wide range of microbiological methods have 
been successfully verified using plate count methods to enumerate and 
identify microorganisms (within an accepted margin of error [1]). How-
ever, conventional methods have limitations. These limitations include 
the time taken to produce a result and the inability of many methods to 
recover all of the microorganisms that might be present in a sample.

Considering these issues further, the time taken to produce a result 
relates to the incubation period required for conventional methods, 
which rely on agar as a growth medium, or for microorganisms to grow 
in broth culture. Such methods are relatively slow, and results are only 
available after an incubation period (somewhere between two to 10 
days, depending on the application) (2).

A further limitation is culturability and the issue of “viable but non-
culturable (VNBC) microorganisms.” Many bacteria, although main-
taining metabolic activity, are non-culturable due to their physiology, 
fastidiousness, or mechanisms for adaptation to the environment. Some 
research suggests, for example, that less than 10% of bacteria found in 
cleanrooms are culturable (3). Thus, it stands that some rapid microbio-
logical methods (RMMs), especially those that do not rely on growth, 
may provide a higher recovery count as compared with traditional 
methods. Some rapid methods produce results where the number or 
types of microorganisms can be measured. With rapid methods that do 
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not directly “grow” microorganisms, such as those 
that detect metabolic activity, it is possible to cor-
relate the new measurements, such as a fluorescing 
unit, with the old measurement (that is, the 'colony 
forming unit') and establish new acceptance levels.

These concerns with limitations of conventional 
methods, as well as the possibilities afforded by tech-
nological advances, led to an emerging new genera-
tion of rapid and alternative microbiological methods. 
RMMs and alternative microbiological methods 
include any microbiological technique or process that 
increases the speed or efficiency of isolating, cultur-
ing, or identifying microorganisms when compared 
with conventional methods (4).

As to what rapid methods are, according to US 
Food and Drug Administration (5):

 “RMMs are based on technologies which can be 
growth-based, viability-based, or surrogate-based 
cellular markers for a microorganism (i.e., nucleic 
acid-based, fatty acid-based). RMMs are frequently 
automated, and many have been utilized in clini-
cal laboratories to detect viable microorganisms 
in patient specimens. These methods reportedly 
possess increased sensitivity in detecting changes 
in the sample matrix (e.g., by-products of micro-
bial metabolism), under conditions that favor the 
growth of microorganisms.”

Although the use of the word “rapid” is often used 
to describe the range of techniques employed, some 
of the methods included within this collective do not 
give a more rapid result; they instead provide a more 
accurate, precise, or detailed result (and thus the term 
“alternative” is employed).

RMMs can be applied to a range of microbiological 
tests, including raw materials, water, intermediate 
products, final products, and environmental monitor-
ing. There is a sufficient range of RMMS to provide an 
assessment of the microbiological quality throughout 
an entire production operation. RMMs may also be 
used by research and development. For example, 
in understanding formulations better in terms of 
microbial robustness, RMMS can be used in the sup-
port of marketing claims and communicating product 
benefits to consumers.

RMMs are essentially used as alternatives to four 
major types of conventional microbiological determi-
nations (6-8):

•  Qualitative tests for the presence or absence of 
microorganisms (e.g., enrichment turbidity mea-
surements of growth). For example, to determine 
if Escherichia coli is in a sample of water.

•  Quantitative tests for enumeration of microor-
ganisms (e.g., plate count methods to determine 
the bioburden of a sample).

•  Quantitative tests for potency or toxicity (e.g., 
what level of endotoxin is in the sample?)

•  Identification tests (e.g., biochemical and mor-
phological characterization).

ADVANTAGES OF RAPID METHODS
Another advantage afforded by rapid methods, aside 
from the time-to-result, is throughput. Most rapid 
systems allow for higher volumes than the traditional 
method. In environments with considerable volumes 
of raw ingredients, in-process batches, and final 
products to test, a high throughput can confer an 
important advantage for maintaining manufacturing 
uptime and moving inventory as quickly as possible.

Furthermore, RMMs can assist with:
•  Designing more robust processes that could re-

duce the opportunities for contamination (fitting 
in with some quality-by-design objectives)

•  Developing a more efficient corrective and pre-
ventative action process

•  Confirming that the process is in a continu-
ous state of microbiological control through 
“real-time” monitoring (that meets some process 
analytical test objectives)

•  Assisting with continuous process and product 
improvement.

Other advantages include labor efficiency and er-
ror reduction. Reducing errors is one of the greatest 
potential benefits of rapid enumeration. While some 
methods require extra human intervention and thus 
create greater potential for mistakes, others automate 
the most error-prone processes. Microbial counting, 
incubation changeovers, and data entry can all be-
come far more reliable given the right equipment.

Arguably, RMMs enable a proactive approach to 
be taken to instances of microbial contamination, 
especially in relation to out-of-specification results. 
Here, RMMs enable quicker responses to out-of-trend 
situations through providing real-time or near real-
time results. This allows for corrective actions to be 
taken earlier.

Furthermore, when considering a RMM, the new 
method must offer a higher level of quality assurance. 
There needs to be a clear and demonstrable benefit 
in adopting the alternative method. Examples of this 
include: 

•  The ability to make critical business decisions 
more quickly  

•  The prevention of recalls through greater method 
sensitivity to microorganisms

•  The detection of “objectionable” microorganisms
•  Recovery of higher or more accurate microbial 

numbers
•  Potential reduced stock holding through faster 
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release times
•  Improvement in manufacturing efficiency
•  A more proactive, rather than reactive, decision 

making.

It is because of these advantages that RMMs attract 
interest from microbiologists and are areas of consid-
erable investment by vendors.

REGULATORY ACCEPTANCE
RMMs are accepted by the major global regulatory 
agencies. For example, in 2011, FDA published their 
new Strategic Plan entitled Advancing Regulatory Sci-
ence at FDA (9). In Section 3, FDA seeks to “Support 
New Approaches to Improve Product Manufacturing 
and Quality.” With regard to control and reduction of 
microbial contamination in products, FDA supports 
those who:

•  Develop sensitive, high-throughput methods for 
the detection, identification, and enumeration of 
microbial contaminants and validate their utility 
in assessing product sterility 

•  Develop and evaluate methods for microbial in-
activation/removal from pharmaceutical products 
that are not amenable to conventional methods of 
sterilization

•  Evaluate the impact of specific manufacturing 
processes on microbial contamination 

•  Develop reference materials for use by industry 
and academia to evaluate and validate novel 
methods for detecting microbial contamination.

TYPES OF RAPID MICROBIOLOGICAL METHODS
Rapid or alternative methods can be categorized in 
multiple means. One way is based on technology or 
application. Here, based on the European Pharmaco-
peia, the RMMS can be grouped into six categories.

Growth-based Methods
Growth-based methods are those where a detect-
able signal is usually achieved following a period of 
subculture (e.g., electrochemical methods). These 
methods generally involve the measurement of bio-
chemical or physiological parameters that reflect the 
growth of microorganisms. These methods aim to 
decrease the time at which once can detect actively 
growing microorganisms. The methods continue to 
use conventional liquid or agar media. In summary, 
they include: 

•  Impedance microbiology (measurable electrical 
threshold during microbial growth)

•  The detection of carbon dioxide (CO2) 
•  The utilization of biochemical and carbohydrate 

substrates
•  The use of digital imaging and auto-fluorescence 

for the rapid detection and counting of micro-

colonies 
•  Fluorescent staining and enumeration of micro-

colonies by laser excitation 
•  Selective media for the rapid detection of specific 

microorganisms.

Direct Measurement
Direct measurement is where individual cells are 
differentiated and visualized (e.g., flow cytometry). 
These methods generally use viability stains and 
laser excitation for the detection and quantification of 
microorganisms without the need for cellular growth. 
These methods include:

•  Demonstration of direct labeling of individual 
cells with viability stains or fluorescent markers 
with no requirement for cellular growth

•  Flow cytometry (individual particles are counted 
as they pass through a laser beam)

•  Solid-phase cytometry (staining and laser excita-
tion method).

Cell Component Analysis
Cell component analysis is where the expression of 
specific cell components offers an indirect measure of 
microbial presence (e.g., genotypic methods). These 
methods generally involve the detection and analysis 
of specific portions of the microbial cell, including 
ATP, endotoxin, proteins, and surface macromol-
ecules. The methods include:

•  ATP bioluminescence (the generation of light by a 
biological process)

•  Endotoxin testing (LAL)
•  Fatty acid analysis (methods that utilize fatty acid 

profiles to provide a fingerprint for microorgan-
ism identification)

•  Matrix-Assisted Laser Desorption Ionization-
Time of Flight (MALDI-TOF) mass spectrometry 
(microbial identification).

Optical Spectroscopy
Optical spectroscopy methods utilize light scattering 
and other optical techniques to detect, enumerate, 
and identify microorganisms (e.g., “real time” air-
borne particle counters). These methods include:

•  Real-time and continuous detection, sizing, and 
enumeration of airborne microorganisms and 
total particles. These methods are applied to the 
monitoring of cleanrooms.

Nucleic Acid Amplification
Nucleic acid amplification technologies are those 
such as PCR-DNA amplification, RNA-based reverse-
transcriptase amplification, 16S rRNA typing, gene 
sequencing, and other novel techniques. These meth-
ods include: 

•  Riboprinting: 16S sequence of rRNA is highly 
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conserved at the genus and species level. 
•  PCR methods for targeting specific microorgan-

isms (millions of copies of the target DNA in a 
short period of time).

•  Gene sequencing (specific dye labeling).

Micro-Electrical-Mechanical Systems
Micro-Electrical-Mechanical Systems (MEMS) utilize 
microarrays, biosensors, and nanotechnology to 
provide miniaturized technology platforms. These 
methods include:

•  Microarrays (DNA chips), evolved from Southern 
Blot technology, to measure gene expression (e.g., 
mycoplasma detection).

SELECTION OF RAPID MICROBIOLOGICAL METHODS
It is important that care is taken in choosing a rapid 
or alternative method for a particular application. The 
method must determine a product's critical quality 
attribute and adhere to appropriate good manufactur-
ing practice principles and validation requirements 
(10).

In some ways, the process of applying introducing 
a rapid or alternative method does not differ signifi-
cantly when compared with implementing a conven-
tional method. The key points of ensuring the meth-
od is validated and shows acceptable recovery rates or 
accurate identification does not differ whether rapid 
or conventional methods are used (11).

When choosing to implement a RMM, it is impor-
tant to ensure the new method is appropriate for the 
company’s formulations, facilities, and personnel. For 
example, the introduction of a method with a higher 
level of sensitivity needs to be aligned with the exist-
ing bioburden in raw materials, environment, and 
finished products.

Guidance for the implementation of rapid methods 
is available from both United States Pharmacopeia 
(USP) and Ph. Eur. (c):

•  USP <1223>,Validation of Alternative Microbio-
logical Methods (12) 

•  Ph. Eur. 5.1.6., Alternative Methods for Control 
of Microbiological Quality (13)

•  Ph. Eur. 2.6.27, Microbiological Control of Cel-
lular Products (14).

In addition, FDA has published Guidance for 
Industry Validation of Growth-Based Rapid Microbio-
logical Methods for Sterility Testing of Cellular and 
Gene Therapy Products, defining validation criteria 
for growth based rapid or alternative microbiological 
methods. From an industry perspective, the Parenter-
al Drug Association (PDA) published a useful guide 
for implementation (15).

There are several considerations to be made and 
steps to be taken for the implementation of rapid mi-

crobiological methods. These are discussed below.

Key Considerations
An important consideration is to decide what is 

wanted from a rapid method and to consider this 
alongside a cost-benefit analysis. The first step is to 
consider the following questions:

•  What do I want to achieve?
•  What budget do I have?
•  What technologies are available?
•  What technologies are ‘mature’? Who else is us-

ing them?
•  How "rapid" is the rapid method?
•  What papers have been published on the subject? 

Aare these ‘independent’?
•  What have regulators said?

The above can form part of a risk-benefit consider-
ation. Risk-benefit analysis should focus on (16):

•  The defined purpose for the test method
•  The type and depth of information required
•  The limitations of the conventional method and 

what the rapid method might be able to offer.

Next, a more detailed assessment should be under-
taken. This includes considering such factors as time, 
accuracy, and automation.

With time, factors to consider are: 
•  Time taken to prepare the test; is the rapid 

method faster, equivalent, or slower?
•  Time taken to conduct the test
•  Sample throughout
•  Time to result
•  Whether there is a reduction in the time taken to 

conduct complimentary tests
•  Whether more or less time is required for data 

analysis
•  Whether results-reporting is simplified or more 

efficient?

With accuracy, issues to consider include:
•  If the rapid method will lead to a reduction in 

human error
•  If there is a reduction in subjectivity
•  Whether the alternative method will detect 

more accurately in comparison to a conventional 
method?

•  Whether there is a need for the rapid method to 
detect what a cultural method cannot?

Other considerations include: 
•  If there is a need for the electronic capture of 

data?
•  Whether the method needs to be automated?
•  If there is a need for connecting apparatus or 
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linking the method to a Laboratory Information 
Management System (LIMS)?

Internal Company Obstacles
The conventional microbiological methods currently 
used are, generally, already approved and provide 
meaningful data. Consequently, there may be reluc-
tance within companies to change procedures and 
adopt RMMs. Thus, arguments relating to the benefits 
of implementing RMMs may need to be explored.

Furthermore, there may be reluctance to adopt 
RMMs because of the capital investment in equip-
ment, training, and possible adaption of current 
manufacturing processes as well as the time and cost 
of the important validation required before use. The 
financial implications are naturally important con-
siderations, and it is recommended that discussions 
on whether employing new RMMs should involve 
multidisciplinary personnel (e.g.. senior management, 
quality unit, microbiology, production, business 
development, finance, and members of supply chain). 
With business issues, one of the key concerns is 
return-on-investment. This can be assessed by con-
sidering the following:

•  If there is a need for the electronic capture of 
data?

•  Whether the method needs to be automated?
•  If there is a need for connecting apparatus or 

linking the method to a Laboratory Information 
Management System (LIMS)?

The following questions can help with this step:
•  How much will the validation cost?
•  How long will the validation take?
•  How many personnel will the validation require?
•  How many tests will be needed to run for the 

validation?
•  Does the validation require a comparison with 

another (existing) method?
•  How will the data be analyzed and reported?

The cost of implementation should not be con-
sidered in isolation; the cost/benefit to the business 
in terms of higher quality assurance, reduced stock 
inventory, and quicker release of product may gener-
ate cost reduction to the business in excess of the cost 
of implementation. Capital outlay and running costs 
will depend upon the RMM chosen and the equip-
ment purchased.

Other aspects that can support a business case 
include:

•  Online/At-line systems can result in reduced 
microbiology testing and finished product release 
cycle times.

•  RMMs can assist in more immediate decisions on 
in-process material.

•  Reduced repeat testing and investigations.
•  Maximized warehousing efficiencies by way of 

reduced inventory holding.
•  Reduction in plant downtime/ return from shut 

downs.
•  Increased production yield—shift to continuous 

manufacturing.
•  Maximized analyst output by eliminating waste 

activity.

Validation
When choosing an RMM, consideration should be 
given to how it is going to be validated. Any methods 
that are being adopted need to yield results equiva-
lent to or better than the method currently used that 
already gives an acceptable level of assurance. In 
addition, the RMM and the method currently used 
should be run in parallel for a designated time period 
as a condition of approval.

Validation will be centered on two key aspects: 
the assessment of the equipment and an assessment 
of the materials that the rapid method will assess to 
demonstrate that microorganisms can be recovered 
from the material under test (17).

The validation strategy should reflect the RMM 
selected. Some methods that are based on analytical 
chemistry will suit validation criteria that include 
accuracy and precision, specificity, limit of detec-
tion, limit of quantification, linearity and range, and 
ruggedness and robustness. However, microbiology 
methods do not necessarily lend themselves to this 
approach to validation (in that not all of these criteria 
will be applicable), as FDA indicates (18):

 "While it is important for each validation parameter 
to be addressed, it may not be necessary for the user 
to do all of the work themselves. For some validation 
parameters, it is much easier for the RMM vendor to 
perform the validation experiments."

Therefore, the following validation strategy is rec-
ommended: 

•  Define the characteristic of the current test that 
the RMM is to replace.

•  Determine the relevant measures that establish 
equivalence of the RMM to the current method. 
This may require statistical analysis. 

•  Demonstrate the equivalence of the RMM to the 
current method in the absence of the product 
sample. 

•  Demonstrate the equivalence of the RMM to the 
established method in the presence of the test 
sample.

More specifically, with certain groups of methods, 
these various validation considerations can be inter-
preted as: 
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a) Qualitative Methods
•  Accuracy and Precision, a presence absence test: 

Low number of positives of a low microbial count 
(<10 cfu).

•  Specificity: Growth promotion test.
•  Limit of Detection: Inoculate at less than 5 cfu 

in both the pharmacopeia method and the rapid 
method to be tested over several replicates.

•  Robustness: Different variations of the normal 
test conditions (e.g., different analysts, different 
instruments, and different reagent lots).

b) Quantitative Methods
•  Accuracy: Suspensions at the upper end of the 

expected range and then serially diluted down 
and testing alongside the compendial method. 
The level of agreement should not be less than 
70% compared with the compendia test.

•  Precision: A statistically significant number of 
replicates should be used. The level of variance 
should generally be within the 10–15% and 
should not be larger than that found within the 
pharmacopeia method.

•  Specificity: Carried out using a range of microor-
ganisms.

•  Limit of Quantification: The lowest number of 
microorganisms that can be reliably counted. 

•  Linearity: A directly proportional relationship 
between the concentration of microorganisms 
used and those expressed in the rapid method.

•  Range: The results found in precision, accu-
racy, and linearity can be used here in order to 
determine the upper and lower limits of the rapid 
method’s detection.

•  Robustness: Different variations of the normal 
test conditions (e.g., different analysts, different 
instruments, and different reagent lots).

During the course of validation, deviations from 
the established criteria may occur. The implications 
of these will depend upon the seriousness of the issue 
and the degree of drift from established parameters. 
The deviation may or may not lead to a recommenc-
ing of the validation after an appropriate change has 
been made. In the most serious cases, the deviation 
can lead to the abandonment of the qualification 
and the rejection of the equipment or system. All 
deviations require a deviation report to be generated. 
Deviation reports must be reviewed by a competent 
expert and be accepted by quality assurance.

With the equipment qualification aspect, validation 
normally begins with the validation plan (VP). The VP is 
a document that describes how and when the validation 
program will be executed in a facility. The VP document 
will cover some or all of the following subjects:

•  Introduction

•  Plan origin and approval 
•  Derivation 
•  Scope of validation activities 
•  Validation objectives 
•  Validation plan review
•  Roles and responsibilities 
•  An overview of activities 
•  Division of responsibilities 
•  System description 
•  Overview of system 
•  Overview of process
•  System description 
•  Validation approach 
•  Site activities 
•  Documentation and procedures 
•  Scope of documentation
•  Validation schedule of activities 
•  Project master schedule
•  References.

From this plan, equipment validation is normally 
achieved through appropriate installation qualification, 
operational qualification, and performance qualifica-
tion (IQ, OQ, and PQ, respectively) (19). Here:

•  IQ provides documented evidence that the 
equipment has been provided and installed in 
accordance with its specification. The IQ dem-
onstrates that the process or equipment meets 
all specifications, is installed correctly, and all 
required components and documentation needed 
for continued operation are installed and in 
place.

•  OQ provides documented evidence that the 
installed equipment operates within pre-deter-
mined limits when used in accordance with its 
operational procedures.

•  PQ provides documented evidence that the equip-
ment, as installed and operated in accordance 
with operational procedures, consistently per-
forms in accordance with predetermined criteria 
and thereby yields correct results for the method.

Method Transfer
If a validated method is transferred to another labora-
tory (including third parties), appropriate change 
management should be in place. Full validation of the 
equipment (IQ/OQ/PQ) will need to be carried out. 
Full validation of the method may not be required, 
but, as a minimum, it needs to be demonstrated that 
the method gives equivalent or comparable results to 
the original laboratory. Any changes to formulations 
need to be assessed to determine if full or partial 
revalidation of the method is required.

Training
It is important that when RMMs are introduced, suf-
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ficient training is provided to ensure a successful and 
complete implementation of the new methods. This 
should include the microbiologists and other person-
nel involved in the running of the tests and should 
also take account of the laboratory or manufacturing 
facilities. Different rapid methods may also require 
different steps for sample preparation. Rapid methods 
that require different preparation steps than tradi-
tional methods will require additional training and 
standard operating procedure updates.

Qualified microbiologists will still be required to 
interpret and manage the data, continue to develop 
the method, and ensure that correct decisions are 
made. This should form part of the overall microbial 
quality management system.

Expectations from the Vendor
Outside of the suitability of the technology, there 
are a number of points that need to be satisfied in 
considering a specific technology, most notably the 
experience of the vendor itself. The following points 
can be useful:

•  What is the vendor’s expertise to date?
•  Is the vendor in a position to support your vali-

dation process?
•  Does the vendor have the relevant QMS proce-

dures in place?
•  What stage is the vendor at in terms of develop-

ment? For example, is the company financially 
sound?

•  Is the technology known to regulators?
•  Has the vendor made any product filings to 

regulators?
•  Does the vendor supply relevant documenta-

tion with the technology? For example, design of 
documents, providing material standards, and so 
forth.

•  Does the vendor provide training to analysts?
•  Is the vendor in a position to react with a reason-

able response time to technical issues? 
•  How often does the vendor envisage system/soft-

ware updates, and how will these be handled?

SUMMARY
This paper has outlined some of the key con-

siderations to be made when deciding whether to 
adopt a rapid method and the subsequent selection 
between the different types of rapid methods that are 
available. The paper did not set out to differentiate 
between different technologies (this itself is a rapidly 
developing field) but more to offer general advice to 
those tasked with making the selection and under-
taking the work required to qualify the method so 
that it is available for the laboratory or process area 
to use.
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